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Background: Esophageal cancer (EC) with a high incidence of malnutrition is a highly malignant digestive 
tract tumor. We investigated the effect of enteral nutrition (EN) support combined with enhanced recovery 
after surgery (ERAS) on the nutritional status, immune function, and prognosis of patients with EC after 
Ivor-Lewis operation.
Methods: One hundred patients were randomly divided into the observation group (n=42) and the control 
group (n=58). The patients in observation group were treated with EN combined with ERAS intervention 
after Ivor-Lewis operation, and the patients in control group were treated with conventional postoperative 
EN intervention. The situation of operation, nutritional status, immune function recovery and prognosis 
between the two groups were compared.
Results: There was no statistically significant difference in operation time or intraoperative blood loss 
between the two groups (P>0.05). The chest tube removal time and oral feeding time of the observation 
group after operation were shorter than those of the control group (P<0.05). After intervention, serum 
albumin (ALB), transferrin (TF), pre-albumin (PA) and hemoglobin (Hb) levels in both groups were 
significantly decreased. These indexes were significantly higher in the observation group than in the control 
group (P<0.05). There were no significant changes in the levels of immunoglobulin (Ig) A, IgG, and IgM, or 
the numbers of CD3+, CD4+ and CD4+/CD8+ T cells in the observation group before and after intervention 
(P>0.05); however those indexes were significantly decreased in the control group after the intervention 
(P<0.05). Interestingly, the levels of IgA, IgM, IgG, CD3+ T cells, CD4+ T cells and CD4+/CD8+ T cells in 
the observation group were significantly higher than those in the control group after intervention (P<0.05). 
The incidence of pulmonary infection in the observation group was significantly lower than that in the 
control group. The postoperative exhaust time, postoperative defecation time and postoperative hospital stay 
were shorter in the observation group than in the control group (P<0.05). There was no significant difference 
in hospitalization cost between the two groups (P>0.05).
Conclusions: EN combined with ERAS was more beneficial to the improvement of nutritional status and 
immune function recovery of patients with EC after Ivor-Lewis operation. It also shortened the length of 
hospital stay.
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Introduction 

Esophageal cancer (EC) is a highly malignant digestive tract 
tumor, increasing by 450,000 new cases per year worldwide (1).  
EC comprises esophageal squamous cell carcinoma (ESCC) 
and adenocarcinoma. China has a high incidence of EC, of 
which more than 95% are ESCC (2). Drinking, smoking 
and inflammation leading to chronic irritation are the major 
risk factors for EC (3). The generally accepted treatments 
for EC include surgical resection, chemotherapy and 
radiotherapy, etc., with some therapeutic progress having 
been made in recent years, such as neoadjuvant treatment, 
minimally invasive surgery, modern targeted drugs and 
precise radiotherapy (4). Unfortunately, the overall 
treatment efficacy of EC is still unsatisfactory, and as a 
result, the 5-year survival rate is about 30% (5).

Of al l  malignant tumors,  EC patients have the 
highest incidence of malnutrition (65–85%) because of 
insufficient food intake due to esophageal obstruction and 
tumor consumption (6,7). In addition, the side effects of 
chemoradiotherapy also increase the risk of malnutrition 
in patients with EC (8,9). Recent research has indicated 
that malnutrition is an important factor in the progress and 
quality of life in patients with EC (10). During treatment, 
active nutritional support can improve the therapeutic 
efficacy and reduce the incidence of complications (11). 
At present, there are many types of nutritional support, of 
which enteral nutrition (EN) is the first choice. 

The Ivor-Lewis esophagectomy uses thoracic and 
abdominal approaches to replace the esophagus with a 
tubular stomach, and is a classic operation for the treatment 
for EC (12,13). Because of its minimal invasiveness 
and safety, combined with the progress in endoscopic 
technology over recent years, this surgical treatment is 
being clinically applied more widely. Prompt EN support is 
beneficial for patients with EC to improve their nutritional 
status, sustain immune function, promote postoperative 
recovery, and reduce the incidence of pulmonary infection, 
anastomotic leakage, delayed gastric emptying (DGE) and 
other complications (14,15). However, to date there is not 
a unified standard for nutritional support after Ivor-Lewis 
surgery in patients with EC.

The aim of fast track surgery, or enhanced recovery 
after surgery (ERAS), is to achieve rapid recovery by 
reducing surgical stress, perioperative organ dysfunction, 
postoperative complications and shortening hospital 
stay (16). ERAS aims to establish rapid rehabilitation of 
complete oral feeding on the first day after operation, with 
the goal of achieving good clinical benefits (17). However, 
clinical application of EN support combined with ERAS for 
EC is still low, so we investigated the effect of EN support 
combined with ERAS on the nutritional status, immune 
functional recovery and prognosis of patients with EC after 
Ivor-Lewis operation.

We present the following article in accordance with the 
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3410).

Methods 

Inclusion and exclusion criteria

The Ethics Committee of the Second People’s Hospital 
of Taizhou City approved the present study. 100 patients 
with EC were enrolled, and written informed consent was 
given by all the individuals prior to their participation. 
All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013).

Inclusion criteria: (I) patients with EC undergoing 
thoracoscopic-laparoscopic or laparoscopic right thoracic 
Ivor-Lewis operation; (II) aged 18–75 years; (III) Karnofsky 
Performance Score ≥70 before grouping; (IV) patient-
generated subjective global assessment ≥2 before grouping; 
(V) the functioning of heart, lung, liver, spinal cord and 
other important organs and tissues was essentially normal; 
(VI) nutritional status or nutritional risk score indicated 
malnutrition or nutritional risk before grouping; and (VII) able 
to voluntarily give informed consent and complete the study.

Exclusion criteria: (I) severely impaired gastrointestinal 
function unable to be supported by EN; (II) EN intolerance, (III) 
severe digestive tract obstruction, or unable to eat by mouth, or 
unable to be treated with EN; (IV) severe malnutrition before 
grouping; and (V) unable to cooperate with the research.
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Baseline information

Based on the inclusion and exclusion criteria, 100 patients 
with EC were randomly divided into an observation group 
(n=42) and a control group (n=58) using a random number 
table. The baseline information of all enrolled patients is 
presented in Table 1. There were no significant differences 
in the baseline characteristics of the two groups (P>0.05).

Protocol

Patients in both groups underwent strict preoperative 
preparation, including lung function exercises, cough 
exercises, aspiration prevention and other related clinical 
education,  routine preoperative fasting and water-
deprivation, and preoperative enema. A gastrointestinal 
decompression tube was inserted in the morning of 
the operation. Thoracoscopic-laparoscopic Ivor-Lewis 
operation or laparoscopic right thoracic Ivor-Lewis 
operation was performed under general anesthesia by the 
same surgical team. 

EN management was standardized, including nutritional 
risk screening, nutritional status assessment, formulation 
and implementation of optimized nutritional formula, 
monitoring of nutritional treatment efficacy, dynamic 
adjustment of the EN program and quality control of the 
whole process. From postoperative recovery to discharge, 
patients were guided daily to perform respiratory function 
exercises, expectoration and coughing to prevent aspiration. 
The discharge criteria were: (I) no abnormality in vital signs; 
(II) effective pain relief by oral analgesics; (III) semi-fluid oral 
intake; (IV) no need for intravenous fluid infusion; (V) free 
movement; (VI) no exudation, infection or dehiscence of the 
wound; and (VII) patient’s request to be discharged. 

In the observation group, patients were treated with EN 
combined with ERAS intervention. Cough, expectoration 
and respiratory function exercises were performed in bed 
on the first day after operation. Patients were instructed 
to support their incision to reduce the impact on the 
anastomotic stoma when coughing. When ultrasound 
confirmed acceptable lung expansion, and drainage was 
less than 300 mL/day, the chest tube was removed. If 

Table 1 Baseline information of the enrolled patients

Variable Observation group (n=42) Control group (n=58)

Sex

Male 22 29

Female 20 29

Median age (years) 58.47±6.25 60.68±5.42

Hypertension 3 5

Pathology

Adenocarcinoma 4 8

Squamous cell carcinoma 38 50 

FEV1% 72.45±9.68 71.98±10.55

Location

Upper thoracic 8 11

Middle thoracic 18 30

Lower thoracic 16 17

TNM stage

I 11 11

II 20 29

III 11 18

Postoperative neoadjuvant chemotherapy 6 7

FEV1%, forced expiratory volume in 1 s as a percentage of the expected value; TNM, tumor-node-metastasis.
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there was no dysuria or obvious prostatic hypertrophy, the 
urinary catheter was removed. After upper gastrointestinal 
angiography confirmed that the anastomotic stoma was 
unobstructed and pyloric emptying was normal, the patients 
were fed with oral liquid food combined with intravenous 
nutrition under the guidance of a nutritionist. They were 
instructed or helped to get out of bed to promote recovery 
of gastrointestinal function, and the number of times of 
exercises were performed out of bed was not less than  
4 times/day. Patients did not eat for 2 hours before going 
to sleep and the head of the bed was raised to 30 degrees to 
prevent aspiration. At 2–3 days after surgery, they continued 
to eat by mouth under the guidance of the nutritionist, and 
out of bed exercise sessions were increased to 6–8 times/day.  
At 4–6 days after the operation, following cessation of 
intravenous nutrition, the diet was changed to semi-liquid 
food under the guidance of the nutritionist, and ambulation 
was increased to 8–10 times/day. At 7 days after the 
operation, the diet was changed from semi-liquid food to 
general diet under nutritional guidance.

The patients in control group were treated with 
a conventional postoperative EN intervention. The 
preoperative preparation and operative techniques were 
same as for the observation group. At 1–2 days after surgery, 
following routine fasting and water-deprivation, the patients 
were given EN combined with intravenous nutrition. 
The urethral catheter was removed on the first day after 
operation, and the chest tube was removed according to the 
relevant indications. The patients were guided to cough and 
expectorate to prevent aspiration. At 7 days after operation, 
upper gastrointestinal angiography was performed to 
confirm that the anastomotic stoma was unobstructed 
and there was no disturbance of gastric emptying, after 
which the gastric tube for oral feeding was removed. At 
7–14 days after operation, the intravenous nutrition was 
stopped. Under the guidance of a nutritionist, the patient 
was instructed to transit from liquid food to semi liquid 
food. And patients were advised to cough and expectorate 
effectively to prevent aspiration until meeting the discharge 
criteria. 

Observation indices

(I) Surgery: operation time, intraoperative blood loss 
and postoperative chest tube removal time (from end 
of operation to postoperative chest tube removal), and 
oral feeding time after operation (from end of operation 
to implementation of oral feeding). (II) Nutritional 
biochemistry index: fasting venous blood samples from all 
of the enrolled patients were collected in the morning of 

surgery and at discharge. The serum was collected after the 
samples were centrifuged for 5 min at 1,000 g. The albumin 
(ALB), transferrin (TF), pre-albumin (PA) and hemoglobin 
(Hb) levels in serum was measured by automatic blood 
chemistry analyzer AU5800 (Beckman Coulter, Kraemer, 
CA, USA). (III) Immune function: immunoturbidimetry 
was used to assess the tumor immunity of both groups 
[immunoglobulin (Ig) A, IgG and IgM]. Flow cytometry 
was used to measure the numbers of CD3+, CD4+ and 
CD4+/CD8+ T cells.  (IV) Prognosis :  postoperative 
complications, including pulmonary infection, incision 
infection, pleural effusion, DGE, etc., to discharge were 
recorded. Postoperative recovery, including postoperative 
exhaust time, postoperative defecation time, postoperative 
hospital stay and postoperative hospitalization expenses 
were all recorded.

Statistical analysis

SPSS21.0 software was used to analyze the data. The 
measured data were tested for normal distribution by 
Shapiro-Wilk test and for homogeneity of variance by 
Levene’s test. The data are presented as mean ± standard 
deviation (SD). Student’s t test was used to analyze the 
difference between groups. Count data are presented 
as percentage, and the Chi-square test was performed. 
Statistical significance for all analyses was accepted at a level 
of P<0.05.

Results 

Comparison of Surgery 

Operation time, intraoperative blood loss, postoperative 
chest tube removal time, and postoperative oral feeding 
time were compared between the two groups. There was 
no significant difference in operation time or blood loss 
between the two groups (P>0.05), but the timing of chest 
tube removal and oral feeding implementation in the 
observation group was shorter than in the control group 
(P<0.05; Table 2).

Comparison of nutritional status 

Before the intervention ,  there were no significant 
differences in ALB, TF, PA and Hb between the two groups 
(P>0.05), but in both groups the levels of ALB, TF, PA and 
Hb were significantly lower before the intervention, and 
after the intervention the levels in the observation group 
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were significantly higher than those in the control group 
(P<0.05; Table 3).

Comparison of immune function 

First, humoral immunity was compared. Before the 
intervention, there was no significant difference in IgA, 
IgM and IgG levels between the two groups (P>0.05). After 
the intervention, there was also no significant difference 
in humoral immune function in the observation group 
(P>0.05), compared with before intervention, but the IgA, 
IgM and IgG levels in the control group were significantly 
decreased (P<0.05), compared with before the intervention. 
The IgA, IgM and IgG levels in the observation group was 
significantly higher (P<0.05), compared with the control 
group after intervention. These results are shown in Table 4.

Second, the cell immunity was compared. Before the 

intervention, there was no significant difference in the 
numbers of CD3+, CD4+ and CD4+/CD8+ T cells between 
the two groups (P>0.05). After the intervention, there 
was also no significant difference in the observation 
group (P>0.05), compared with before the intervention. 
However, in the control group all T cells were significantly 
decreased (P<0.05), compared with before intervention. 
In addition, the numbers of cells in the observation group 
were significantly higher (P<0.05), compared with the 
control group after intervention. These results are shown 
in Table 5.

Comparison of prognosis 

The incidence of pulmonary infection in the observation 
group was significantly lower than in the control group 
(P<0 .05; Table 6). The postoperative exhaust time, 

Table 2 Comparison of surgery 

Variable Observation group (n=42) Control group (n=58) t P

Operation time (min) 195.48±36.44 201.45±40.33 0.76 0.448

Intraoperative blood loss (mL) 49.07±19.32 48.27±16.45 0.222 0.824

Postoperative chest tube removal time (days) 1.25±0.98* 6.57±2.34 13.864 0

Oral feeding time after operation (days) 1.47±1.02* 8.12±2.88 14.311 0

Data are presented as mean ± SD. *, P<0.05 versus control group.

Table 3 Comparison of nutritional status before and after the intervention

Variable Observation group (n=42) Control group (n=58) t P

ALB (g/L)

Before 21.48±4.30 22.28±4.20 0.93 0.354

After 39.68±7.12*# 35.64±5.88* 3.094 0.002

TF (mg/L)

Before 2.40±0.98 2.42±0.85 0.108 0.913

After 3.67±0.98*# 2.94±0.75* 4.219 0

PA (mg/L)

Before 169.48±27.85 170.48±35.42 0.152 0.879

After 217.48±30.49*# 197.47±29.33* 3.311 0.001

Hb (g/L)

Before 81.47±10.52 82.71±9.67 0.609 0.543

After 92.05±9.94*# 87.39±6.44* 2.842 0.005

Data are presented as mean ± SD. *, P<0.05 versus before intervention; #, P<0.05 versus control group. ALB, albumin; Hb, hemoglobin; 
PA, pre-albumin; TF, transferrin.
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Table 4 Comparison of humoral immunity function before and after the intervention

Variable Observation group (n=42) Control group (n=58) t P

IgA (g/L)

Before 2.14±0.62 2.03±0.63 1.074 0.285

After 2.01±0.58# 1.33±0.43* 6.735 0

IgM (g/L)

Before 2.46±0.53 2.40±0.77 0.435 0.664

After 2.32±0.68# 1.44±0.38* 8.245 0

IgG (g/L)

Before 6.53±1.54 6.58±1.75 0.143 0.882

After 6.03±1.48# 4.61±1.03* 5.659 0

Data are presented as mean ± SD. *, P<0.05 versus before intervention; #, P<0.05 versus control group. Ig, immunoglobulin.

Table 5 Comparison of cellular immunity before and after the intervention

Variable Observation group (n=42) Control group (n=58) t P

CD3+ T cells (%)

Before 52.64±6.77 53.11±6.85 0.34 0.734

After 51.18±6.54# 45.27±5.76* 4.783 0

CD4+ T cells (%)

Before 37.66±5.13 37.54±4.99 0.117 0.906

After 36.54±5.08# 30.16±4.37* 6.728 0

CD4+ T cells/CD8+ T cells

Before 1.68±0.33 1.61±0.29 1.124 0.263

After 1.63±0.34# 1.26±0.23* 6.491 0

Data are presented as mean ± SD. *, P<0.05 versus before intervention; #, P<0.05 versus control group. 

postoperative defecation time and postoperative hospital 
stay in the observation group were all significantly shorter 
than in the control group (P<0.05; Table 7). There was no 
significant difference in hospitalization expenses between 
the two groups (P>0.05).

Discussion 

ERAS has the goal of achieving rapid postoperative recovery 
by reducing surgical stress, perioperative organ dysfunction, 
postoperative complications and shortening hospital stay 
(18,19). ERAS has been widely applied in the postoperative 
period of gastrointestinal cancers, such as gastric cancer 
and colorectal cancer (20). The risk of esophagectomy is 
high, with reported perioperative mortality and respiratory 

and circulatory complications of 8% and 60% respectively 
(21,22). The high risk of surgery is an important reason 
why cases of ERAS in EC are still few. Patients with EC 
were usually affected by dysphagia, tumor consumption 
and other factors, leading to them suffering from general 
malnutrition before treatment (6,23). Combined with the 
surgical stress response and fasting required for the Ivor-
Lewis operation, postoperative immune dysfunction is very 
likely, and the risk of postoperative complications is high, 
even life-threatening. Many studies have confirmed that the 
nutritional status of patients with EC is closely related to 
their prognosis (24), so it is very important to improve it.

For patients with EC, EN has significant advantages in 
reducing various complications of the cancer, because it 
effectively nourishes the intestinal mucosa, maintains the 
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intestinal barrier, and is more conducive to postoperative 
recovery (7). However, to date there is no uniform standard 
for the timing and mode of EN for patients with EC. 
Previous studies considered that due to the effect of surgery, 
patients with EC had intestinal paralysis for 3 days after 
surgery, which led to gastrointestinal disorders (1,25). 
However, some studies have confirmed that intestinal 
absorption and peristalsis can be restored 6 h after operation, 
and suggested that EN should be actively carried out when 
the intestinal tract is functional and safe (6,26). EN is an 
important part of ERAS, and influences the complete 
implementation of the ERAS process (27). Differences exist 
in the type of EN and its timing during combined EN and 
ERAS, and reports on combined EN support and ERAS 
after the Ivor-Lewis operation for EC are few.

In our study, there were no significant differences in 
operation time and blood loss between the two groups 
(P>0.05), but the timing of both chest tube removal and 
oral feeding in the observation group was shorter than 
in the control group (P<0.05). The ERAS intervention 
significantly shortened the time of chest tube removal and 
oral feeding after Ivor-Lewis operation for EC. The levels 
of ALB, TF, PA and Hb in the two groups were significantly 
lower than before treatment, but the levels of ALB, TF, PA 
and Hb in the observation group were significantly higher 
than those in the control group (P<0.05). These results 

indicated that both groups showed some nutritional loss, 
but it was less in the observation group than in the control 
group. Effective, scientific and appropriate EN can improve 
the perioperative nutritional loss of patients with EC, and it 
is better to institute EN early. 

Intestinal flora are an important part of the intestinal 
mucosal barrier, and disturbance of the intestinal flora can 
increase the risk of perioperative complications (28,29). 
Gastrointestinal surgery will destroy the intestinal mucosal 
barrier and increase the risk of postoperative pulmonary 
infection, anastomotic leakage and other complications (30).  
Some research has also confirmed that the cell-mediated 
immune response was impaired, the numbers of CD4+ and 
CD4+/CD8+ T cells decreased, and the intestinal barrier 
function was damaged in patients with EC after laparoscopic 
Ivor-Lewis surgery (31). How to improve the immune 
response is the key to preventing these complications. 
Studies have confirmed that nutritional status is associated 
with immune function, and malnutrition can lead to some 
loss of immune function. We showed that there were no 
significant changes in IgA, IgG and IgM, or in CD3+, CD4+ 
and CD4+/CD8+ T cells in the observation group before 
and after intervention (P>0.05), but all these indexes in the 
control group were significantly lower after intervention 
than before intervention (P<0.05). More important, the 

Table 6 Comparison of complications 

Complications Observation group (n=42) Control group (n=58) χ2 P

Pulmonary infection 1 (2.38) 10 (17.24) 4.081 0.043

Incision infection 1 (2.38) 2 (3.45) 0.018 0.775

Pleural effusion 1 (2.38) 1 (1.72) – 0.622*

Chylothorax 1 (2.38) 1 (1.72) – 0.622*

Gastric emptying disorders 0 2 (3.45) – 0.622*

Anastomotic leakage 1 (2.38) 2 (3.45) 0.018 0.775

Data are presented as n (%). *, Fisher exact probability.

Table 7 Comparison of postoperative recovery and hospitalization expenses 

Times and expenses Observation group (n=42) Control group (n=58) t P

Postoperative exhaust time (days) 2.05±0.97 3.51±1.18 6.568 0

Postoperative defecation time (days) 3.20±0.97# 3.61±0.82 2.284 0.024

Postoperative hospital stay (days) 10.12±3.23# 11.71±3.92 2.151 0.033

Hospitalization expense (104 RMB) 4.31±1.27 4.40±1.19 0.362 0.717

Data are presented as mean ± SD. #, P<0.05 versus control group. RMB, renminbi.
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values in the observation group were all higher than those 
in the control group (P<0.05). These results indicated 
that the immune status of patients with EC after Ivor-
Lewis operation was decreased, but that EN combined 
with ERAS could maintain relatively good immune status. 
In addition, the incidence of pulmonary infection, the 
postoperative exhaust time, postoperative defecation 
time and postoperative hospital stay in the observation 
group were all significantly less than in the control group 
(P<0.05). The shortening of postoperative exhaust time and 
postoperative defecation time were related to the application 
of ERAS. However, there was no significant difference in 
hospitalization expenses between the two groups.

In summary, EN support combined with EARS was 
beneficial for improving the nutritional status and immune 
function recovery of patients with EC after Ivor-Lewis 
operation. It also contributed to shortening the length of 
hospital stay and improving the short-term prognosis of 
patients with EC after operation.
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