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Background: In patients under esophagectomy, early postoperative oral feeding has traditionally been
contraindicated to minimize the risk of anastomotic leaks. Because early oral feeding preserves the integrity
and function of gut mucosa, the aim of this study was to investigate the impact of postoperative early oral
feeding on esophagectomy.

Methods: Between Oct 2013 and Jan 2016, 41 consecutive patients with esophageal carcinoma (stages I-
IIT), who had undergone minimally invasive Ivor-Lewis surgery, were enrolled in this study. The patients
were randomly arranged into the early oral feeding (EOF) group (21 cases) and the simple tube feeding
(STF) group (20 cases). The nutritional goal for both groups was 25 kcal/(kg-day). The patients in the EOF
group were tube-fed with enteral nutrition and orally fed with 5% glucose in normal saline during the first 4
postoperative days, after that the patients were placed on a liquid diet. The patients in the STF group were
postoperatively tube-fed with enteral nutrition for 7 days before being switched to liquid diet. The length
of the postoperative hospital stay, rate of perioperative complications, and overall mortality were recorded.
Preoperative and postoperative levels of serum albumin (ALB), prealbumin (PA), transferrin (TP), and C
reactive protein (CRP) were also monitored.

Results: There were no significant differences of the incidence of postoperative complications and overall
mortality between the EOF group and the STF group, but the duration of hospital stay, interval until the
first liquid food, and time of ambulation in the EOF group were lower than those of the STF group (P<0.05).
EOF patients also showed significantly lower CRP levels compared with the STF group (P<0.05).
Conclusions: EOF might reduce the duration of hospital stays and CRP levels in esophageal cancer

patients who underwent esophagectomy while the mortality and complications were not affected.
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Introduction

Esophageal cancer patients are usually accompanied with
malnutrition due to dysphagia attributable to esophageal
stenosis, their underlying nutritional habits, or the systemic
effects of the neoplasm (1-3). It has been well documented

that the degree of malnutrition is positively correlated
with the incidence of postoperative complications due to
malnutrition-related depression of humoral and cellular
immune function, changes in the inflammatory response,

and delays or failures of the wound healing process (4-6).
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In other words, patients requiring selective surgery
for esophageal neoplastic diseases often present a high
incidence of serious complications. Infection, the most
often occurring complication during the early postoperative
period could even extend hospitalization.

Even though esophagectomy is the mainstay of
curative treatment for esophageal cancer, total resection
of the esophagus is always associated with postoperative
catabolism, and changes in the metabolic, endocrine,
neuroendocrine, and immune systems that contribute to
high postoperative morbidity rates (7,8). The American
Society of Parenteral and Enteral Nutrition recommends
preoperative nutritional therapy in malnourished patients
undergoing major gastrointestinal surgery (9,10). However,
the inherent catabolic situation in esophageal patients does
not usually allow preoperative treatment of malnutrition.
For this reason, it is vital to provide adequate postoperative
nutrition as soon as possible to counteract catabolism and
reduce the severity of complications.

Over the past three decades, experimental and clinical
studies have been performed to identify the optimal form
of postoperative nutritional support and means of delivery.
There is increasing evidence showing that the small bowel
recovers its ability to absorb nutrients almost immediately
after surgery, even in the absence of peristalsis. Early enteral
feeding has also been shown to preserve the integrity of
gut mucosa and its immunological function (11). However,
current concerns regarding early postoperative feeding
in esophageal patients may lead to high incidences of
anastomotic leakage. This procedure’s high postoperative
mortality rate has prevented physicians from attempting
early postoperative oral diet after esophagectomy.

However, more and more studies have provided strong
evidence that anastomotic leaks are growing rarer in
esophagectomy, which can be attributed to the use of
advanced medical techniques (12). It suggests that it may
be feasible to start oral feeding early after esophagectomy.
The aim of this study was to investigate the impact of
early oral feeding on the postoperative course following
esophagectomy in patients with esophageal carcinoma.

Methods
Patient recruitment

Inclusion criteria: (I) between 18 and 70 years old; (II)
preoperative diagnosis of esophageal cancer in the middle
or lower part of the esophagus and underwent minimally
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invasive Ivor-Lewis surgery; (III) willingness to sign an
informed consent form. Patient exclusion criteria: (I)
contradictions of enteral nutrition; (II) serum creatinine
levels 2 times greater than the maximal limit of the normal
range; (III) aspartate aminotransferase levels 3 times the
maximum limit of the normal range or severe cholestasis or
conjugated bilirubin levels 2 times the maximum limit of the
normal range; (IV) severe cardiopulmonary dysfunction; (V)
recent preoperative radiotherapy or chemotherapy; (VI) lack
of provision of a written informed consent form or non-
compliance with the study protocol; (VII) other undesirable
trait. Exit criteria: (I) intolerant to nose-gut tubing during
surgery; (II) refusal to replace nose-gut tubing after it
came off; (III) failure to complete the treatment plan due
to severe diarrhea or bloating; (IV) voluntary termination
of treatment; (V) pathological confirmation that the
patient’s condition was not esophageal cancer. This study
was approved by ethics committee of Shenzhen People’s
Hospital.

Patient management

Surgery

The recruited patients were randomly enrolled in either
the early oral feeding (EOF) group or the simple tube
feeding (STF) group. Esophagectomy and reconstruction
were performed via minimally invasive Ivor-Lewis
surgery, after the proximal stomach was freed under
laparoscope for stomach tube formation and pyloroplasty,
the thoracic esophagus was freed under thoracoscope, the
surgical incision was extended to 7 cm for hand-assisted
mechanical gastroesophageal anastomosis on top of cupula
pleurae. The esophagoenteral anastomosis was embedded
using standard procedures. Flocare® double lumen
decompression tubes and nasojejunal feeding tubes were
inserted into patients in both groups (Nutricia Export BV,
Amsterdam, Netherlands). The feeding tube was inserted
into the duodenum or to the lowermost anastomosis.
The decompression tube, facilitating evacuation of the
interponate, was positioned well within the stomach or in
the part of the bowel replacing the esophagus.

Both groups were subjected to the same postoperative
management regimen meant to foster rapid recovery.
It included vibration treatment of the chest to facilitate
expectoration (3 times/day), airway atomization (3 times/day),
early activity (in-bed activity on day 1 and off-bed activity
from day 2), and effective coughing. Neither group was
given parenteral nutrition (PN).
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Postoperative feeding

The nutritional goal was 25 kcal/(kg-day) in both groups.
The nutritional goal of the EOF group on the first four
postoperative days was achieved through tube feeding of
a polymeric, isotonic, fiber-mixed suspension of enteral
nutrition (1 kcal/mL, Jevity®, Abbott Nutrition) and a
daily oral feeding of 250 mL of 5% glucose in normal
saline solution. The absence of leakage was confirmed by
esophageal iodine angiography. Then, on the 4th day after
the operation, the chest tubes, nasogastric tubes, and nasal
intestinal tube were removed, and the patients were started
on the oral liquid diet. The STF group was tube-fed with
an enteral nutrition mixture for the first 7 days after the
operation instead. Complete disconnection of the chest,
nasogastric, and nasal intestinal tubes and administration
of oral liquid diet were performed after confirmation of the
absence of anastomotic leaks on the 7th postoperative day.

Complications and postoperative observations

Safety indicators, including postoperative complications such
as infection of incision, anastomotic leakage, pneumonia,
and mortality were recorded. Outcomes of effectiveness,
including the oral feeding recovery period, incidence of
thirst, bowel movement recovery period, and duration of the
postoperative hospital stay were also analyzed. Biochemical
indicators, including preoperative and postoperative (1st, 3rd,
and 7th) serum albumin (ALB), prealbumin (PA), transferrin
(TRF), and C-reactive protein (CRP) levels were evaluated.

Statistical analysis

The SPSS19.0 software package was used for data analysis.
Quantitative data were reported as mean = standard
deviation (SD) or median. For non-normal distribution
data, data were described as means and medians. For pre-
and postoperative data, self-control was used for data
evaluation. The student’s 7 test was used to assess statistical
differences between two groups concerning ordinal
variables, and the chi-square test was used for nominal
variables. In the exploratory analysis, a P value of <0.05 was
considered indicative of statistical significance.

Results
Demographic characteristics

From Oct 2013 to Jan 2016, 23 patients were initially
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recruited in each group, while two cases in the EOF group
and one case in the STF group were withdrawn from the
study because of failure of the placement of duodenal tube
during surgery. One more case in each group was also
withdrawn postoperatively from the study because of bloating
and diarrhea. Therefore, 41 consecutive patients (27 men
and 14 women; mean age 58, range 18-70) with esophageal
cancer (stages I-1II), underwent minimally invasive Ivor-
Lewis resection and reconstruction were recruited for the
final analysis. There was no significant difference between
the two groups regarding patients’ gender, age, tumor stage,
or surgical methods (P>0.05) (1able I).

Primary outcomes

Patients from the EOF group had significantly less
postoperative recover time, shorter intervals since the first
oral intake of semi-liquid diet and shorter postoperative
hospital stays than those from STF group (P<0.05). EOF
patients also showed the trend of shorter intervals until
the first bowel movement, though difference was not
statistically significant (P>0.05). The total oral feeding
period in the STF group was longer than that of the EOF
group. However, incidence of thirst was lower in the EOF
group compared with STF group. The total post-operative
hospitalization period was also shorter in the EOF group
than that of the STF group (1able 2).

There were no peri-operative deaths or anastomotic leaks
in either group. One case in each group suffered purulent
in incision. Pneumonia was found in one case in the EOF
group and two in the STF group, but the incidence of
complications showed no significant differences between
the two groups (Table 3).

Laboratory findings

Intra-group comparison showed that all laboratory outcomes,
including the levels of serum albumin, pre-albumin, and
transferrin decreased at first but then gradually recovered.
There were significant no differences of these biochemical
indicators, between the EOF and STF groups (P>0.05).

C-reactive protein (CRP) was used as an indicator of
inflammation. Comparison of both groups showed that
CRP increased on the Ist, 3rd, and 7th postoperative days,
and the highest level was found on the 3rd day and lowest
on the 7th day. CRP levels on the 7th postoperative day of
EOF group were significantly lower compared with that of
STF group (P<0.05) (1able 4).
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Table 1 General status of patients in EOF and STF groups

Characteristics EOF group (n=21) STF group (n=20) P value
Gender (male/female) 14/7 13/7 0.910
Age (years) 57+8.2 58+9.8 0.726
Age =70 years 4 5 0.645
Tumor stage 0.658
| 7 8
Il 8 7
1] 6 5
BMI 21.76+1.32 21.03+1.23 0.075
NRS score =3 15 (71.4%) 17 (85.0%) 0.261
Lab values
ALB (g/L) 38.33+3.61 37.54%3.77 0.5
PA (g/L) 0.23+0.03 0.24+0.04 0.37
TRF (g/L) 2.31+0.39 2.40+0.46 0.5
CRP (g/L) 4.48+1.26 4.61+1.29 0.75
Surgery duration (min) 235.0+21.6 228.3+19.0 0.3
Amount of bleeding (mL) 115.0+53.4 103.3+48.2 0.47

The data are expressed as mean = SD for continuous variable and n (%) for categorical variables.

Table 2 Comparison of postoperative presentations between the EOF and STF groups

Group Oral feeding period (d) Incidence of thirst, n (%)  First bowel movement (d) Postoperative hospitalization period (d)
EOF 4.4+0.7 5(23.8) 2.8+1.4 7.2+£1.5

STF 7.7+0.8 15 (75) 3.8+1.5 9.7+2.3

P value 0.000 0.01 0.033 0.000

The data are expressed as mean + SD for continuous variable and n (%) for categorical variables.

Table 3 Incidence of complications and reconstruction of esophagus under thoracoscope. The

Anastomotic  Incision _ Total recovery time, intervals since the first oral intake of semi-
Group ) ) Pneumonia o .. . . . .
leakage infection incidence liquid diet, length of post-operative hospital stay in the
EOF 0 1 1 2/21 (9.5%) EOF group were less than those of the STF group in our
study. It was also found that early feeding seemed to reduce
STF 0 1 2 3/20 (15%) Y , yoeeoms s
CRP of the patients than STE, which indicated that EOF
P=0.633. . . .
might reduce acute inflammatory reaction after surgery.
Malnutrition, cancer and surgical trauma can impair
. . the host’s defense and recovery and thus increasing the
Discussion

risk of postoperative complications such as infection and

Although it was usually considered that early feeding
would lead to high incidence of anastomotic leakage, our
study did not show peri-operative deaths or anastomotic
leaks in either EOF or STF groups after esophagectomy
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anastomotic issues. They can even lead to death (13,14).
Patients with esophageal carcinoma are particularly easy
to accompany with postoperative complications because
malnutrition occurs commonly. Whether early feeding is
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Table 4 Comparison of lab values between EOF and STF groups (x+s)

Factor and time EOF group (n=21) STF group (n=20) P value
Hb (g/L)
Preoperative 114.07+8.38 118.74+9.82 0.109
Postoperative day 1 97.05+7.54 101.01+7.68 0.103
Postoperative day 3 99.63+7.04 103.06+7.39 0.136
Postoperative day 7 104.08+7.88 108.33+8.12 0.097
ALB (g/L)
Preoperative 38.33+3.61 37.54 £3.77 0.497
Postoperative day 1 27.31+3.67 28.08 £3.72 0.509
Postoperative day 3 29.86+3.69 30.57 £3.67 0.541
Postoperative day 7 31.08+3.33 31.92 +3.54 0.438
PA (g/L)
Preoperative 0.23+0.03 0.24+0.04 0.369
Postoperative day 1 0.19+0.05 0.20+0.06 0.565
Postoperative day 3 0.20+0.04 0.21+0.05 0.483
Postoperative day 7 0.27+0.08 0.28+0.07 0.673
TRF (g/L)
Preoperative 2.31+0.39 2.40+0.46 0.502
Postoperative day 1 1.91+0.39 1.99+0.46 0.551
Postoperative day 3 2.03+0.39 2.08+0.46 0.709
Postoperative day 7 2.11+0.31 2.18+0.37 0.602
CRP (g/L)
Preoperative 4.48+1.16 4.61+1.29 0.736
Postoperative day 1 50.85+12.14 56.08+11.43 0.164
Postoperative day 3 93.17+17.52 118.66+13.65 0.000
Postoperative day 7 22.95+8.71 43.38+12.75 0.000

benefit or not is still on controversy. The results of our
study in accordance with a previous study. Of the patients
accepting early feeding after esophagectomy, there were
no significant differences of length of stay or anastomotic
complications compared with routing feeding groups (15).
For patients with jejunostomy, the mortality rate was found
to be higher, however, it was not correlated to feeding ways.
Furthermore, data from a systematic review also supported
our results that early oral feeding was associated with a
reduced length of stay with delayed oral feeding, without
increased complication rates (16).

Enteral nutrition has been well recognized as an
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economical, safe, and effective nutritional support method
that complies with the physiological state, helps to maintain
the digestive tract morphology and function, operates in a
simple way, and has few complications (17). In addition to
these advantages, enteral nutrition during and after certain
surgical insults has other benefits including inhibition of
energy expenditure, the cytokine response, the secretion of
stress hormones, and bacterial translocation (18-21).
Current peri-operative nutritional support for patients
after esophagectomy is commonly achieved through total
parenteral nutrition combined parenteral with enteral
nutrition, or enteral nutrition alone. In clinical practice
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and with the advances in the role of the gastrointestinal
tract in host defense, early enteral feeding after abdominal
surgery has been favored over parenteral feeding (22,23).
The primary goal of nutritional care has also changed
from the provision of enough calories to cover a patient’s
needs to the restoration of optimal metabolic and immune
responses (7). As a consequence, sequential postoperative
enteral nutrition, e.g., nutrition tube (jejunum fistula or
naso-jejunum tube) feeding within 48 hours after surgery
combined with oral fasting, then replaced with fluid diet on
the 7-10th postoperative day, is the currently the standard
nutrition regimen recommended by guidelines (24,25).
Although early sequential postoperative enteral nutrition
maintains postoperative bowel function and great progress
in total parenteral nutrition, nasojejunal feeding tubes carry
some risk of nasopharynx and intestinal mucosal injury
and aspiration pneumonia, which occur in about 7% of
patients (26). We did not observe any case of aspiration in
this study, since evacuation of the stomach, the jejunum
or the colon was routinely done in both groups, whereas
the use of a double lumen decompression tube facilitated
enteral feeding, proximal evacuation notwithstanding.

There were some evidences indicating that esophageal
carcinoma was correlated with inflammation. In a retrospective
study with 423 cases who were diagnosed with esophageal
squamous cell carcinoma, value of CRP/albumin was
used to evaluate the prognosis, which was suggested to be
a promising inflammation-based prognostic score (27).
Combination use of C-reactive protein (CRP) and
carcinoembryonic antigen (CEA) was also an independent
prognostic factor in patients with esophageal squamous cell
carcinoma (28). Furthermore, CRP could be used to evaluate
the prognosis of patients to be treated with surgery (29).
Immuno-nutrition was confirmed to be helpful to attenuate
inflammation for esophageal cancer patients (30). In our
study, we found that early feeding could reduce CRP, which
be due to two reasons. First, anti-inflammatory compounds
were deposited in the nutritional fluids. Second, early
feeding may promote the recovery of the patients. The anti-
inflammatory effect of early feeding should be confirmed
by further studies, which would be one of the important
reasons for improving the clinical prognosis, and shortening
the hospital stays.

In conclusion, the early oral feeding approach significantly
reduced the time until postoperative ambulation, interval
until the first semi-liquid food intake, time of hospital stay,
and CRP levels in patients who underwent esophagectomy
for esophageal carcinoma. Mortality and complications did
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not differ significantly. This study indicates that the EOF
approach is safe and effective method in the management of
esophagectomy patients.
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