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Objectives: The aim of this study is to explore the safety and feasibility of early oral

feeding (EOF) on short-term postoperative outcomes.

Trial design: A prospective randomized non-inferiority trial.

Materials and methods: From August 27, 2015 to March 31, 2017, 100 consecutive

patients with gastric cancer in Xijing Hospital were recruited. Patients undergoing total

laparoscopic radical gastrectomy (TLRG) received either EOF group or delayed oral feeding

(DOF group). The endpoints were anastomotic leakage, the recovery of bowel function, the

postoperative complications and costs. The process of randomization used a computer-

generated sequence that was kept in a sealed envelope by a nurse that did not participate

in the trial. None of the participants, administrators of interventions and those assessing

outcomes was blinded.

Results: Ultimately, 51 patients were in EOF group and 49 in DOF group, which both are

comparable. The postoperative hospital stay in EOF group was significantly lower than DOF

group (5.18±1.47 days vs 6.18±2.46 days, P=0.016). Furthermore, there was a trend for

a reduction in the time of first flatus (10.3 hrs) and defecation (12.7 hrs) in EOF group

compared to DOF group, but it was not statistically significant. Meanwhile, there were no

significant differences in postoperative complications between two groups. One patient in the

EOF group developed a fistula in the surgical remnant, which was recorded as other

leakages; there was no difference between the two groups (P=0.582).

Conclusion: EOF does not seem to be more harmful than DOF, and might significantly

improve the short-term outcomes for patients receiving TLRG.

Keywords: gastric cancer, laparoscopic gastrectomy, early oral feeding, postoperative

fistula, anastomotic leakage, enhanced recovery after surgery, ERAS

Introduction
Gastric cancer is the third most common cause of cancer-related deaths globally,

and it is the fifth most common cancer worldwide.1 It is well-known that surgery is

the only potentially curative treatment for patients with gastric carcinoma.

However, a patient with complete resection of primary tumors by a standard D2

lymphadenectomy still faces poor clinical outcomes, especially those with

advanced gastric cancer.2

With the development of fast track surgery and enhanced recovery after surgery

(ERAS) programs,3 there has been an increasing trend toward minimally invasive

procedures and improved quality of life (QOL) following operation.4 Early oral
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feeding (EOF) is generally regarded as one of the funda-

mental tenets of programs in ERAS, and it has been shown

to have beneficial clinical outcomes.5

EOF was confirmed as a safe and feasible procedure that

increased clinical benefits in the perioperative care of color-

ectal neoplasm resections.6,7 A systematic review and meta-

analysis showed that EOF was a beneficial procedure after

gastrectomy, aswell as operations on hepato-biliary and opera-

tions on pancreatic.8 Hur et al9 concluded that EOF following

a gastrectomy was feasible, and it could result in a faster

recovery of bowel function and a shorter hospitalization. The

same conclusions were also reached in their subsequent pro-

spective randomized controlled trial (RCT) that assessed the

feasibility of EOF in 54 participants undergoing an open

gastrectomy. Meanwhile, additional studies10 on these topics

have also shown that EOF is a safe and feasible program that

could shorten the length of hospital stay and improve QOL

during the early period following gastrectomy, including faster

recovery of bowel function. Furthermore, the meta-analysis

that included participants with an upper gastrointestinal sur-

gery showed that postoperative EOF had advantages in the

hospital length of stay andwhen compared to late oral feeding.

EOF was beneficial to hospital length of stay, and there were

no significant differences in clinically relevant complications.8

The guideline for enhanced recovery after gastrectomy ulti-

mately gives weak recommendation for EOF after gastrect-

omy with a moderate quality of evidence.3

Our previous retrospective study11 also indicated that

EOF could have short-term benefits for patients under-

going laparoscopic distal gastrectomy. However, until

now, there has been a lack of RCT on EOF for patients

undergoing total laparoscopic radical gastrectomy

(TLRG). Thus, a prospective randomized trial is necessary

to provide robust evidence on TLRG. This study had been

registered online in the Chinese Clinical Trial Registry

(ChiCTR-IOR-15007660). The development of this manu-

script rigorously followed the standards set by the

CONSORT statement.12

Materials and methods
Study design and participant

characteristics
This study was a prospective, single center, non-

inferiority, RCT. The number randomization was compu-

ter-generated, and the sequence was placed in a sealed

envelope by an individual not involved in this trial. If the

inclusion criteria were fulfilled, the participants were

randomly allocated (1:1) to the EOF group or delayed

oral feeding (DOF) group on the morning of postoperative

day (POD) 1. The interventions in this study were not

blinded for the participants.

There was a total of 100 patients involved from August

27, 2015 to March 31, 2017. They were all diagnosed with

gastric cancer and were undergoing a TLRG. Diagnosis

and tumor stages were established before surgery through

gastroscope and biopsies. We excluded participants with

local extension or other distal metastases determined by

computed tomography with intravenous contrast of both

the abdomen and thorax.

The inclusion criteria were as follows: 1) age range of

18–75 years; 2) diagnosis of gastric cancer and eligible for

laparoscopic radical gastrectomy based on the 14th edition

of the Japanese Classification of Gastric Carcinoma; 3) no

chemotherapy, radiotherapy, or targeted therapy before

surgery; 4) an ECOG performance status <2; 5) the

American Society of Anesthesiologist Physical Status

Classification System is 1 or 2; 6) the Nutritional Risk

Screening 2002 (NRS2002)13 ≤ 5; and 7) provide

informed consent.

Data were assessed according to the rules of the ethical

board at Xijing hospital, and informed consent was

acknowledged for each participant and the patient consent

was written informed consent. The entire study was

approved by the ethical committee at Xijing Hospital of

Fourth Military Medical University, which conducted in

accordance with the Declaration of Helsinki.

Perioperative treatment
We rigorously followed the ERAS guidelines.3 All parti-

cipants received preoperative education, pre-emptive and

multimodal analgesia, early ambulation, and laparoscopic

radical gastrectomy as part of the perioperative treatments.

All procedures of laparoscopic radical gastrectomy

were performed by the same experienced surgical teams

that had an annual caseload of approximately 100 patients

receiving TLRG. In the present study, the procedure of

TLRG was defined that a standard D2 lymphadenectomy

and the main digestive tract anastomoses (gastrojejunost-

omy, esophageal-jejunostomy or gastroduodenal anasto-

mosis) were performed completely laparoscopically,

instead of an open or laparoscopic-assisted radical gas-

trectomy (LARG). Moreover, the length of the abdominal

incision must be <10 cm in this study, which was refer-

enced from the study of CLASS-0.14 An abdominal drain

was routinely placed near the anastomosis. The nasogastric
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tube was removed on the morning of POD 1. However, if

necessary, a nasojejunal tube was alternatively placed for

some patients with a poor nutrition status in both groups to

ensure adequate caloric intake after surgery. An investiga-

tor was assigned to record the clinical observation data.

Interventions
All 100 participants were treated similarly in the perio-

perative period, with the exception of the time of oral

feeding after surgery (EOF and DOF group). The criteria

for discharge were as follows: tolerance of solid diet,

return of bowel habits, and no sign of a postoperative

complication that required treatment in the hospital.

There was a senior surgeon who was not involved in the

study that managed the discharge administration to avoid

subjective influences on the trial outcomes.

Early oral feeding (EOF group)

In the EOF group, participants were encouraged to con-

sume liquid food on the morning of the POD 1, which was

based on the registered protocol. Generally, patients were

allowed to have pure liquids like glucose in normal saline

before regular oral feeding. The volume of EOF ranged

from 50 to 500 mL and was given several times a day. The

investigators encouraged EOF patients to take as much as

they could tolerate and then recorded it in detail. From

POD 2 to 6, liquid foods, such as standard enteral nutrition

(EN) liquids or milk, were mainly used for perioperative

nutrition management. Additionally, semi-liquids, such as

rice soup, eggs, and soft cakes, were also adopted accord-

ing to the different tolerances of different individuals.

Parenteral nutrition (PN), which comprised of fat emul-

sion, amino acids, and glucose, was used to supply ade-

quate kilocalories (kcal). This was especially true for

patients with a poor nutrition status and those that could

not consume food orally due to postoperative complica-

tions, such as anastomotic leakage. PN was terminated as

soon as EN was well tolerated and they could meet the

required kilocalories (via oral feeding or nasojejunal feed-

ing tube). We calculated caloric requirements using the

Harris–Benedict formula for postoperative energy require-

ments and measured patients’ kilocalorie intake per day.

PN could provide a total of 1,000–1,500, 800–1,000, and

500–800 kcal at POD 1, POD 2 and POD 3, respectively.

Delayed oral feeding (DOF group)

In the DOF group, the patients were allowed to consume

liquid food on the morning of POD 4, and they were

limited to oral feeding from POD 1 to 3. Whether naso-

gastric and nasoenteral feeding tubes were used or not,

patients in the DOF group were allowed the same oral

intake as the EOF group based on the individual nutri-

tional needs after POD 7.

Study endpoints
The primary endpoint was the incidence of anastomotic

leakage after TLRG. If it was clinically suspected post-

operatively, digestive tract radiography per oral contrast

was performed to diagnose the leak and its location.

While the secondary endpoints were 1) postoperative

complications at 30 days, which was defined postopera-

tive morbidity as significant morbidity, grades II, III, IV

and V according to the Clavien Dindo classification,15

even if wound infection, classified in grade I, was also

considered in postoperative morbidity. We also recorded

other data including the need for readmission within 30

days, rate of reoperation; 2) postoperative bowel func-

tion recovery which measured as the time to first flatus

and the time of first defecation, 3) length of hospital

stay and 4) hospitalization costs. For patients with two

or more complications only the highest grade was

reported, while death (Grade V), reoperation (Grade

III) and blood transfusion (Grade II) were reported

separately.

Statistical analysis
The intention-to-treat principle was applied in all analyses

of an assumed drop-out rate. Normally distributed contin-

uous variables were described as the mean with correspond-

ing SDs, and categorical variables were described as

medians with the corresponding range or percentages and

frequencies. Normally or non-normally distributed contin-

uous data was compared by Student's t-test or the Mann–

Whitney U test, and the chi-square test and Fisher’s exact

test were used to compare categorical variables. A two-

sided P-value <0.05 was used to represent statistical sig-

nificance. Data analysis was performed using SPSS® soft-

ware package version 22.0 (IBM Corporation, Armonk,

NY, USA).

Results
From August 2015 to March 2017, a total of 156 patients

were assessed for eligibility, and 56 patients were

excluded. Ultimately, 100 enrolled patients were randomly

allocated to either the EOF group (n=51) or the DOF

group (n=49) (Figure 1). The demographic, clinical,
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operative, and pathological characteristics of both groups

were all similar at baseline (Table 1).

Study endpoints
The primary and secondary endpoints were summarized

in Tables 2 and 3 respectively. Among 100 patients, there

was no anastomotic leakage (zero-event) that occurred in

either group within 30 days after TLRG (Table 2). For the

outcome of postoperative bowel function recovery, there

was a trend of improvement in EOF group, but it was not

significant difference (P=0.18 for time of first flatus and

0.12 for time of first defecation) (Table 2), as well as

intra-operative data (operative time and blood loss) and

hospitalization cost, which did not differ significantly

between the two groups. However, EOF group was super-

ior to DOF in the length of postoperative hospital stay

(P=0.016).

There was no significant differences in postoperative

complications between two groups, such as abdominal

bleeding and pulmonary complications. Both groups were

no death and no incision infection in the postoperative 30

days, while two patients from EOF group and one from

DOF were suffered from the re-operation, and only one

patient with anastomotic bleeding and postoperative ane-

mia in EOF group was treated by blood transfusion.

In the EOF group, the data of tolerance volume (mL) at

POD 1–3 indicated that the average tolerance volume of

oral intake was 206 mL at POD 1, 490 mL at POD 2, and

708 mL at POD 3 (Figure 2).

Discussion
The current evidence reveals that EOF is a safe and fea-

sible strategy that does not have increased incidences of

complications in patients suffering from colonic16 and

gastric surgery.17 Furthermore, animal studies demon-

strated that EOF could speed up recovery of peristalsis,

strengthen the immune response,18 and it could also facil-

itate anastomotic healing.19,20 However, many surgeons

were still reluctant to EOF and they preferred to accept

traditional restriction after upper gastrointestinal surgery.8

Assessed for eligibility (n=156)

Eligible for inclusion (n=109)

Excluded (n=47)
Distant metastasis (n=3)
Planned open surgery (n=42)
Severe co-morbidity (n=2)

Excluded (n=7)
Locally gastrectomy (n=2)
Aged more than 80yr (n=2)
Refused to join (n=3)

Provided informed consent and 
completely totally laparoscopic 

gatrectomy (n=102)

Excluded (n=2)
Laparoscopic-assistance 
gatrectomy (n=2)Randomized before out of 

operation room (POD0) (n=100)

Randomized to EOF group (n=51)
Did not intervention due to 
complications (n=1)

Allocated to intervention (n=50)

Randomized to DOF group (n=49)
Did not intervention due to 
Complication (n=0)

Allocated to intervention (n=49)

Allocation

Analyzed (n=51) Analyzed (n=49)

Analysis Intention-
to-treat

Figure 1 CONSORT diagram.

Abbreviations: DOF, delayed oral feeding; EOF, early oral feeding; POD, postoperative day.
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This is because they are mainly concerned with the risk of

anastomosis leakage, especially with the absence of

sutures to strengthen the anastomotic stoma in laparo-

scopic surgery.8

In the present study, the aim was to illustrate the feasi-

bility of EOF after TLRG regardless of sutures to strengthen

the anastomotic stoma. Moreover, it could provide particular

data on EOF for patients with TLRG, similar to previously

published data on this topic for open or LARG.8 Our study

demonstrated that, compared to traditional oral intake at

POD 4 (DOF group), allowing participants to consume liquid

food slowly and cautiously at POD 1 (EOF group) might be

safe and feasible, given that the rate of postoperative com-

plications did not differ significantly. There were no anasto-

mosis site-associated adverse events (zero-event) observed in

the follow-up period. However, one patient from EOF group,

with total laparoscopic radical distal gastrectomy

(Billroth II), was clearly diagnosed with a remnant stomach

Table 1 Clinical data and basic characteristics of patients

Characteristic EOF group (n=51) DOF group (n=49) P

Age (years) 53.41±9.77 55.10±8.89 0.369

Gendar (M/F) 37/14 34/15 0.728

BMI (kg/m2) 22.58±3.51 22.96±3.75 0.580

NRS2002 scores 2.35±0.976 2.35±0.855 0.974

Totally/distal gastrectomy 4/47 5/44 0.680

Anastomosis 0.839

Esophagojejunostomy 4 5

Gastrojejunostomy 36 32

Gastroduodenostomy 11 12

Length of abdominal incision (cm) 6.25±1.55 6.10±1.62 0.631

No. of metastatic lymph nodes 3.22±5.40 3.57±4.53 0.721

No. of harvested lymph nodes 23.14±5.35 22.82±5.44 0.767

Differentiation 0.547

Poor 31 31

Moderate 11 8

High 3 5

Other 6 5

R0 resection 51 44 1

Pathologic stage 0.263

I 19 12

II 10 15

III 22 22

IV 0 0

Abbreviations: BMI, body mass index; EOF group, early oral feeding group; DOF group, delayed oral feeding group; No., number.

Table 2 Summary of intraoperative and postoperative data

EOF Group (n=51) DOF Group (n=49) P

Intraoperative Data

Operative time (min) 263.53±78.23 271.73±83.90 0.614

Blood loss(ml) 101.33±69.13 102.04±54.70 0.955

Postoperative Data

Time of first flatus (d) 2.69±0.84 3.12±2.11 0.18

Time of first defecation (d) 3.71±1.21 4.24±2.08 0.12

Drainage tube extraction (d) 4.04±1.12 4.22±1.03 0.39

Postoperative Hospital Stay (d) 5.18±1.47 6.18±2.46 0.016

Costs (104 yuan) 8.24±1.72 8.44±1.32 0.492

Abbreviations: EOF group, early oral feeding group; DOF group, delayed oral feeding group.
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fistula at POD 3 through digestive tract radiography per oral

contrast, which was proven to locate on the lesser curve near

the cardia of the stomach, and excluded gastro-jejunostomy-

sited anastomotic leakage. And it might be regarded as an

adverse event of Energy Devices through rechecking the

surgical video and the test of gastroscopy. Thus, it was

recorded as the number of other leakages from postoperative

complications (n). At the meantime, there were no death and

incision infection in the following month, and among three

patients with re-operations, two patients (one in EOF and 1 in

DOF) were diagnosed with postoperative duodenal stump

leakage at POD 3 and finally inserted drainage tube to duo-

denal stump through the operation, while one patient in EOF,

diagnosed with severe intestinal obstruction at POD 3, was

performed operation again to decompression, and all had

recovery in the follow-up. Additionally, only one patient in

EOF group was treated by blood transfusion due to anasto-

motic bleeding and postoperative anemia.

On the other hand, published studies have shown that

EOF might improve the recovery of gut function. In the

present trial, although there was no significant difference

between two groups for time of first flatus (P=0.18) and

time of first defecation (P=0.12), a trend in EOF was

observed as reduction with an MD (mean difference) of

0.43 day (10.3 hrs) and 0.53 day (12.7 hrs), respectively.

And we failed to record these outcomes by usage of hours

(hr), which might be considered to be more precise.

These findings are similar to our previously retrospective
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Figure 2 The tolerance volume in EOF group at postoperative days 1-3.

Abbreviation: EOF, early oral feeding.

Table 3 Summary of postoperative complications

EOF group (n=51) DOF group (n=49) P

Complications

Anastomotic leakage (n) 0 0 1

Others leakages (n) 2 1 0.582

Instinal obstruction (n) 1 0 0.325

Pulmonary infection (n) 2 0 0.161

Wound infection (n) 0 0 1

Abdominal infection (n) 2 1 0.582

Gastroparesis (n) 1 2 0.534

Anastomotic bleeding (n) 1 0 0.325

Abbreviations: EOF, early oral feeding; DOF, delayed oral feeding.
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study11 and other studies.5,17 However, the interpretation

of a shorter hospital stay in the EOF group was mainly

the well-tolerated liquid or soft food, which might be

easier to meet the discharge criteria, such as tolerance

of solid diet, return of bowel habits and ability to walk on

their own.21

The data from the tolerance volume (mL) at POD 1 to

3 of the EOF group of 51 patients indicated that most

patients undergoing TLRG could tolerate relatively ade-

quate volumes. This could provide data on the tolerance

volume of early oral intake after laparoscopic gastrectomy.

Only two participants (2/53) did not tolerate any liquids on

POD 1, which did not meet the inclusion criteria and they

were excluded from EOF groups.

Limitations
Firstly, we failed to calculate sample size. Our sample size

was not large enough to have a robust effect. Moreover,

the inadequate number of participants led to a relatively

low incidence of morbidity, resulting in zero-event for

both groups. Secondly, the age of all included participants

in our study was limited to a range of 18–75 years. This

results in a scarcity of evidence for elder patients

(>75 years) and patients with a history of neoadjuvant

therapy, which had been clearly excluded in study proto-

col. Thirdly, there were three different anastomoses in total

adopted in the trial and it is likely to fail a confirmed

conclusion in the pretty small number of cases.

Obviously, all limitations above restricted the evidence

that supports the popularization of EOF, and further stu-

dies are needed to fully assess the feasibility of EOF for

patients with worse conditions.

Conclusions
EOF after total laparoscopic gastrectomy might be a safe

and feasible strategy in high volume hospital. However,

our findings should be confirmed by further studies to

generate prudent and robust evidence. Before it could be

routinely advocated in clinical practice, more multi-center,

prospective, large sample size RCTs on this topic are

urgently required.
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