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Abstract: Objective: To evaluate the therapeutic effects of nutritional support via different routes in elderly patients 
after surgery for gastrointestinal (GI) cancer. Methods: 105 patients with GI cancer were randomly divided into early 
enteral nutrition (EEN) group (n = 35), total parenteral nutrition (TPN) group (n = 35) and EN+PN group (n = 35). 
Results: The nutrition status and immunity were significantly compromised in all patients, while the liver function 
was improved at 3 days after surgery as compared to those before surgery. At 7 days after surgery, they returned to 
preoperative level. The nutrition status was comparable among 3 groups at 3 and 7 days after surgery (P > 0.05). 
ALT, AST, ALP and GGT in TNP group were significantly higher than those in EEN group and EN+PN group (P < 0.05), 
whereas there was no significant difference in the liver function between EEN group and EN+PN group (P > 0.05). 
The CD3+ cells, CD4+ cells and CD4/CD8 in EEN group and EN+PN group were significantly higher than those in 
TPN group (P < 0.05), but significant difference was not observed between EEN group and EN+PN group (P > 0.05). 
The NK cells in EN+PN group were significantly higher than in TPN group (P < 0.01). The incidence of diarrhea in EEN 
group was significantly higher than in TPN group and EN+PN group (P < 0.05). Conclusion: EN+PN is superior to EEN 
alone and TPN alone in the old patients with GI cancer in reducing the postoperative complications, improving the 
immunity and decreasing the hospital stay. 
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Introduction

Gastrointestinal (GI) cancer is one of the most 
common malignancies in China and its inci-
dence is increasing over year. It has been 
reported that about 70% of patients with GI 
cancer may develop malnutrition [1], which is 
more serious in old patients because they have 
compromised physiology, poor responses to 
stresses, poor nutrient absorption, insufficient 
nutrient intake [2, 3]. In addition, surgery may 
cause stress, resulting in glucose metabolic 
disorder and negative nitrogen balance. In 
addition, 3-4 days of postoperative fasting is 
recommended after GI surgery in Asia and 
Europe, which is often accompanied by decom-
pression of the stomach and the administration 
of a large amount of intravenous fluid [4, 5]. 
However, prolonged postoperative starvation 
further jeopardizes malnutrition. Of note, it is 

usually difficult to conduct nutrition support 
before surgery in patients with GI cancer. Thus, 
post-operative nutrition support becomes an 
important strategy to improve the nutrition sta-
tus of GI cancer patients after surgery. 

Traditionally, the post-operative nutrition sup-
port is administered by the parenteral route 
(total parenteral nutrition, TPN). TPN has defi-
nite therapeutic efficacy and can be used in a 
majority of patients, but it may cause some 
adverse effects such as intestinal mucosal 
atrophy and intestinal bacterial translocation. 
In recent years, randomized controlled trials 
and meta-analyses have concluded that post-
operative early enteral nutrition (EEN) reduces 
postoperative morbidity (especially infectious 
complications), mortality, and hospital stay 
without increasing the risk of GI-related compli-
cations [6, 7]. Actually, postoperative EEN is 
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considered one of the most important multi-
modal approaches in the context of enhancing 
postoperative recovery. However, few studies 
have been conducted to investigate the thera-
peutic efficacy of EEN in combination with PN in 
old patients receiving surgery for GI cancer. 

In this study, EEN and/or TPN was administered 
in old patients undergoing surgery for GI cancer 
and their therapeutic efficacy was compared, 
aiming to explore an optimal protocol for the 
post-operative nutrition support for the old 
patients with GI cancer. 

Materials and methods

Subjects

Inclusion criteria: Patients aged 60-85 years 
and receiving surgery due to GI cancer were 
recruited into present study. Mini Nutrition 
Assessment (MNA) scale was employed for the 
evaluation of nutrition status. Exclusion crite-
ria: Patients had pathologically proved non-GI 
cancer; patients died within 1 week after sur-
gery; patients had severe kidney, liver, heart 
and lung dysfunction or metabolic diseases 

(such as diabetes mellitus) before surgery; 
patients had complete intestinal obstruction or 
extensive intestinal adhesion; patients had 
severe abdominal infection, peritonitis or asci-
tes; patients received emergency surgery.

Grouping

A total of 105 hospitalized patients were 
recruited from the Department of General 
Surgery between February 2008 to March 
2010 They were pathologically diagnosed with 
GI cancer and received surgical intervention. 
These patients were randomly assigned into 3 
groups: EEN+PN group (n = 35; 23 males and 
12 females), EEN group (n = 35; 22 males and 
13 females) and TPN group (n = 35; 23 males 
and 12 females). There were no marked differ-
ences in the age, gender, MNA score, and 
serum protein among three groups (P > 0.05) 
(Table 1). 

Pre-operative nutrition support

Oral Peptisorb (Nutricia, Netherlands) was 
administered at 7.5 g/kg/d (equivalent to 30 

Table 1. General information of patients in different groups before surgery
Group Age (year) MNA score Body weight (kg) Hb (g/L) TP (g/L) ALB (g/L)
EEN 66.7 ± 7.2 15 ± 9 57.7 ± 8.4 90.51 ± 24.87 53.4 ± 4.5 30.5 ± 2.9
TPN 66.1 ± 8.1 16 ± 8 57.2 ± 6.3 91.24 ± 25.11 52.8 ± 5.1 29.4 ± 3.2
EN+PN 67.2 ± 7.9 15 ± 9 56.4 ± 7.9 89.79 ± 23.72 53.1 ± 5.6 29.7 ± 3.7

Table 2. Complications of patients in different groups
Variables EEN group TPN group EN+PN group X21 group X22 group X23 group
Abdominal pain 6 5 7 0.108 0.094 0.402
Abdominal distention 2 1 1 0.348 0.348 0
Diarrhea 10 2 3 6.741** 4.899 0.215*

Vomitting 4 1 2 1.938 0.729 0.348
Nausea 1 0 0 1.014 0.014 -
Infection 4 12 3 5.185* 0.159 6.873**

Anastomotic leakage 0 0 0 - - -
Note: X21: between EEN group and TPN group; X22: between EEN group and EN+PN group; X23: between TPN group and EN+PN 
group; *P < 0.05; **P < 0.01.

Table 3. Time to anal exhaust, duration of fever and duration of hospitalization
Variables EN group PN group EN+PN group t1 t2 t3
Time to anal exhaust (h) 36 ± 12 62 ± 11 42 ± 15 9.45** 1.85 6.36**

Duration of fever (d) 4.5 ± 1.9 7.3 ± 3.6 4.1 ± 2.0 3.05** 2.35* 4.60**

Duration of hospitalization (d) 13.8 ± 2.4 17.2 ± 3.6 13.1 ± 2.7 4.65** 1.15 5.39**

Note: t1: between EEN group and TPN group; t2: between EEN group and EN+PN group; t3: between TPN group and EN+PN 
group. *P < 0.05; **P < 0.01.
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kcal/kg/d) for 3 days before surgery, which was 
stopped on the day of surgery.

Post-operative nutrition support

In TPN group, TPN was administered for 7 days 
via the central or peripheral venous tube. Non-
protein calories administered were 30 kcal/
kg/d (glucose to lipid ratio: 60%: 40%). The 
insulin was given at 1 U per 4 g glucose on the 
first day and thereafter its dose was adjusted 
according to the urine glucose. The nitrogen 
amount was 0.2 g/kg/d, and long-chain fatty 
emulsion (20% Intralipid) and Compound Amino 
Acid Injection were administered. The fluid (30 
ml/kg.d), electrolytes and vitamins were sup-
plemented according to the body weight (SINO-
SWED Pharmaceutical Corp. Ltd).

In EEN group, Peptisorb (100 kcal/100 ml) was 
administered via the nasal tube, and oral 
Peptisorb was given once anal exhaust was 
confirmed. In brief, 1/4 of energy was adminis-
tered on the first day via EN route, 1/2 of ener-
gy on the second day via EN route and total 
energy on days 3-7 via EN route. During the 
nutrition support, the remaining energy 
required was given via PN route.

In EEN+PN group, normal saline (500 ml) was 
administered on the post-operative day 1 via 
nasal tube and energy given via PN route; 1/8, 
1/4 and 1/2 of energy was given via EN route 
on days 2, 3 and 4, respectively; total energy 
was administered via EN route on days 5-7. 
During the nutrition support, the remaining 
energy required was given via PN route.

Clinical observations

Abdominal pain, abdominal distension, diar-
rhea, nausea, vomiting, time of anal exhaust, 

duration of hospitalization, wound infection, 
pulmonary infection, anastomotic leakage and 
duration of fever were recorded.

Evaluation of nutrition status

Blood was collected before surgery and at 3 
and 7 days after surgery. Hemoglobin (Hb), total 
protein (TP), albumin (ALB), prealbumin (PA) 
and transferring (TRF) were measured. 
Moreover, body weight (BW) and triceps skin 
fold (TSF) were also detected before and at 7 
days after surgery.

Biochemical examination

Before and at 3 and 7 days after surgery, blood 
was collected, and alanine aminotransferase 
(ALT), aspartate aminotransferase (ALP), glu-
tamyl endopeptidase (GGT), total bilirubin 
(TBIL), direct bilirubin (DBIL) and creatinine (Cr) 
were measured.

Evaluation of immunity

Before and at 3 and 7 days after surgery, blood 
was collected, lymphocytes were counted with 
an automatic blood cell analyzer, and CD3+ 
cells, CD4+ cells, and CD8+ cells were deter-
mined by flow cytometry, followed by calcula-
tion of CD4+ cells to CD8+ cells ratio.

Statistical analysis

Statistical analysis was performed with SPSS 
version 13.0. Quantitative data are expressed 
as means ± standard deviation and compared 
with t test. Qualitative data are expressed as 
percentages and compared with chi square 
test. A value of P < 0.05 was considered statis-
tically significant. 

Table 4. Nutrition status of patients before and after surgery
Groups BW (kg) TSF (mm) Hb TP ALB PA TRF
EEN group 1 d before surgery 57.7 ± 8.4 7.9 ± 1.4 90.51 ± 24.87 53.4 ± 4.5 30.5 ± 8.9 212 ± 31.5 1.96 ± 0.46

3 d after surgery 53.6 ± 7.9* 6.1 ± 1.7** 77.62 ± 23.57* 46.82 ± 9.8** 26.1 ± 5.1* 188 ± 38.7* 1.61 ± 0.53**

7 d after surgery 55.1 ± 9.2 7.1 ± 1.5* 82.83 ± 22.46 49.51 ± 12.1 28.2 ± 7.5 209 ± 40.1 1.62 ± 0.65*

TPN group 1 d before surgery 57.2 ± 6.3 8.0 ± 2.0 91.24 ± 25.11 52.8 ± 8.1 29.4 ± 6.3 207 ± 32.6 1.91 ± 0.59

3 d after surgery 52.7 ± 7.5* 6.3 ± 1.9** 78.49 ± 23.59* 47.82 ± 8.9* 26.2 ± 5.2* 190 ± 37.5* 1.55 ± 0.68*

7 d after surgery 54.4 ± 8.2 7.4 ± 1.6 81.78 ± 24.62 50.63 ± 7.2 28.9 ± 6.9 208.6 ± 30.9 1.59 ± 0.74*

EN+PN group 1 d before surgery 56.9 ± 7.9 8.1 ± 1.5 89.79 ± 23.72 53.1 ± 10.6 29.7 ± 6.7 214 ± 36.7 1.88 ± 0.31

3 d after surgery 53.2 ± 6.1* 6.4 ± 2.2** 76.29 ± 25.83* 46.91 ± 8.2** 25.9 ± 7.1* 192 ± 32.8* 1.59 ± 0.42**

7 d after surgery 55.2 ± 8.6 7.2 ± 1.7* 79.78 ± 24.81 50.24 ± 6.9 29.4 ± 5.8 210 ± 41.6 1.62 ± 0.63*
Note: *P < 0.05, **P < 0.01: 3 and 7 days after surgery vs 1 day before surgery.
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Results

Clinical observations

All the patients completed this study, and 
severe complications such as acute intestinal 
obstruction and anastomotic leakage were not 
present in these patients. Diarrhea of different 
extents was observed in 10 patients of EEN 
group, 2 patients of TPN group and 3 patients 
of EN+PN group. The incidence of diarrhea was 
significantly higher in EEN group than that in 
TPN group and EN+PN group (P < 0.05), but 
comparable between TPN group and EN+PN 
group (P > 0.05). In addition, mild abdominal 
pain, abdominal distension, nausea and vomit-
ing were found in some patients at 1 and 2 
days after surgery in three groups, and there 

were no marked differences in these symptoms 
among three groups (P > 0.05). In TPN group, 
12 patients developed infection which occurred 
at 3-8 days after surgery; all of them had respi-
ratory infection, and concomitant wound infec-
tion was found in 1 patient. In EEN group, 4 
patients developed infection including 3 with 
respiratory infection and 1 with wound infec-
tion, which occurred at 3-5 days after surgery. 
In EN+PN group, all the 3 patients had respira-
tory infection. The incidence of infection in TPN 
group was significantly higher than in EEN 
group and EN+PN group (P < 0.05). Three 
patients developed fever of different extents, 
and the duration of fever in EEN group and 
EN+PN group was markedly shorter than in TPN 
group (P < 0.05), and the duration of fever in 
EN+PN group was also significantly shorter 

Table 5. Biochemical parameters of patients in different groups before and after surgery

Groups ALT (U/L) AST (U/L) ALP (U/L) GGT (U/L) TBIL 
(μmol/L)

DBIL  
(μmol/L) CRE (μmol/L)

EEN group

    1 d before surgery 16.35 ± 6.26 24.87 ± 7.62 63.88 ± 17.82 19.53 ± 14.02 11.21 ± 4.58 3.56 ± 1.41 65.91 ± 23.32

    3 d after surgery 22.41 ± 14.25* 29.64 ± 10.59* 70.75 ± 36.21 42.85 ± 21.53** 12.35 ± 5.20 4.15 ± 2.12 88.23 ± 24.60**

    7 d after surgery 18.37 ± 10.39 25.71 ± 12.78 74.51 ± 36.68 37.29 ± 19.81** 11.95 ± 4.98 4.22 ± 2.87 84.36 ± 25.1**

TPN group

    1 d before surgery 17.15 ± 8.12 23.99 ± 8.69 65.43 ± 18.17 18.92 ± 16.07 10.59 ± 5.08 4.05 ± 1.76 67.14 ± 19.82

    3 d after surgery 35.45 ± 20.28** 47.72 ± 20.61** 96.74 ± 40.25** 61.82 ± 38.19** 15.74 ± 9.82** 4.11 ± 2.51 90.25 ± 23.67**

    7 d after surgery 38.28 ± 24.61** 44.18 ± 17.96** 89.62 ± 34.58** 67.69 ± 40.27** 14.86 ± 8.67* 3.99 ± 2.04 87.94 ± 26.41**

EN+PN group

    1 d before surgery 16.82 ± 8.52 25.01 ± 7.55 64.29 ± 15.73 20.24 ± 15.91 11.08 ± 5.37 3.87 ± 1.92 63.59 ± 22.54

    3 d after surgery 27.19 ± 11.25** 31.28 ± 11.52* 72.51 ± 26.37 45.69 ± 28.52** 13.82 ± 5.94* 3.99 ± 2.11 87.59 ± 23.65**

    7 d after surgery 20.64 ± 9.87 27.88 ± 13.75 60.49 ± 24.58 40.61 ± 26.79** 13.57 ± 6.59 3.69 ± 1.82 84.32 ± 20.89**

Note: *P < 0.05, **P < 0.01, 3 and 7 days after surgery vs 1 day before surgery. 

Table 6. Immune parameters of patients in 3 groups before and after surgery

Groups Lymphocytes  
(×109/L) CD3 (%) CD4 (%) CD8 (%) CD4/CD8 NK cells (%)

EEN group
    1 d before surgery 1.58 ± 0.61 59.6 ± 8.5 39.5 ± 4.8 23.7 ± 6.7 1.67 ± 0.57 15.8 ± 3.9
    3 d after surgery 1.24 ± 0.33** 52.1 ± 6.4** 25.6 ± 7.2** 17.6 ± 5.8** 1.45 ± 0.67 12.3 ± 3.2**
    7 d after surgery 1.41 ± 0.36 57.4 ± 5.2 38.9 ± 5.1 22.6 ± 3.1 1.72 ± 0.20 13.9 ± 4.7
TPN group
    1 d before surgery 1.60 ± 0.72 60.4 ± 7.9 40.1 ± 5.2 24.2 ± 7.1 1.66 ± 0.63 15.1 ± 5.2
    3 d after surgery 1.22 ± 0.41** 51.9 ± 8.1** 27.1 ± 6.6** 18.9 ± 6.9** 1.43 ± 0.64 11.3 ± 4.7**
    7 d after surgery 1.33 ± 0.38 54.2 ± 6.3** 32.3 ± 4.7** 20.2 ± 5.3 1.60 ± 0.25 12.6 ± 3.6*
EN+PN group
    1 d before surgery 1.59 ± 0.58 58.4 ± 6.9 39.8 ± 4.9 23.5 ± 6.4 1.69 ± 0.58 14.9 ± 3.8
    3 d after surgery 1.23 ± 0.36** 52.7 ± 6.8** 26.4 ± 5.3** 18.3 ± 8.0** 1.44 ± 0.77 11.9 ± 4.5**
    7 d after surgery 1.61 ± 0.21 59.1 ± 7.3 40.3 ± 6.1 24.5 ± 6.7 1.79 ± 0.39 15.9 ± 3.3
Note: *P < 0.05, **P < 0.01: 3 and 7 days after surgery vs 1 day before surgery.
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than in EEN group (P < 0.05). Furthermore, the 
time to recovery of intestinal function in EEN 
group and EN+PN group dramatically reduced 
when compared with TPN group (P < 0.01). The 
hospital stay in EEN group and EN+PN group 
was also markedly shorter than in TPN group (P 
< 0.01), but there was no significant difference 
between EEN group and EN+PN group (P > 
0.05) (Tables 2 and 3).

Nutrition status

Intragroup comparisons: The BW, TSF, Hb, TP, 
ALB, PA and TRF reduced significantly at 3 days 
after surgery as compared to those before sur-
gery (P < 0.05). At 8 days after surgery, they 
increased slightly, but were still lower than 
those before surgery, and significant differenc-
es were observed in TSF and TRF (P < 0.05 vs 
before surgery), but BW, Hb, TP, ALB and PA 
were comparable to those before surgery (P > 
0.05) (Table 4).

Intergroup comparisons: The nutrition status 
was comparable among three groups before 
surgery (P > 0.05). The highest and lowest 
reduction was found in EEN group and TPN 
group, respectively, at 3 days after surgery, but 
there were no marked differences in the nutri-
tion status (P > 0.05). At 7 days after surgery, 
the nutrition status returned to pre-operative 
level (P > 0.05).

Biochemical indicators

Intragroup comparisons: At 3 days after sur-
gery, ALT, AST, ALP and GGT increased to differ-
ent extents in EEN group as compared to those 
before surgery, and marked differences were 
observed in ALT, AST and GGT (P < 0.05). At 7 
days after surgery, ALT, AST and GGT reduced 
to different extents as compared to those at 3 
days after surgery, ALT and AST returned to pre-
operative level (P > 0.05), but GGT was still 
markedly higher than the pre-operative level (P 
< 0.01). At 3 and 7 days after surgery, ALP, TBIL 
and DBIL were comparable to those before sur-
gery (P > 0.05), and serum Cr was still markedly 
higher than that before surgery (P < 0.01). In 
TPN group, ALT, AST, ALP, GGT, TBIL and Cr at 3 
and 7 days after surgery were dramatically 
higher than those before surgery (P < 0.05), but 
they remained unchanged at 3 and 7 days after 
surgery (P > 0.05). In EN+PN group, TBIL at 3 
days after surgery was significantly higher than 
that before surgery, and the changes in other 
parameters were similar to those in EEN group 
(Table 5).

Intergroup comparisons: The liver function was 
comparable among three groups at 1 day 
before surgery. At 3 and 7 days after surgery, 
the liver function in TNP group was better than 
in EEN group and EN+PN group, and ALT, AST, 
ALP and GGT were significantly improved in TNP 
group when compared with EEN group and 
EN+PN group (P < 0.05). The liver function was 
comparable between EEN group and EN+PN 
group after surgery (P > 0.05). 

Immune parameters

Intragroup comparisons: At 1 day after surgery, 
CD3+ cells, CD4+ cells, CD8+ cells and NK 
cells reduced markedly as compared to the 
pre-operative levels (P < 0.01); at 7 days after 
surgery, these cells in EEN group and EN+PN 
group increased markedly, but were compara-
ble to those before surgery (P > 0.05). In TPN 
group, these cells also increased to different 
extents, and the total lymphocytes, CD8+ cells 
and CD4/CD8 were similar to those before sur-
gery (P > 0.05), but CD3+ cells, CD4+ cells and 
NK cells were still markedly lower than those 
before surgery (P < 0.01 or P < 0.05). CD4/CD8 
in TPN group reduced slightly as compared to 
the pre-operative level and no significant differ-
ence was observed (P > 0.05) (Table 6). 

Intergroup comparisons: At 1 day before sur-
gery, total lymphocytes and lymphocyte sub-
sets were similar among three groups (P > 
0.05). At 1 day after surgery, total lymphocytes, 
CD3+ cells, CD4+ cells, CD8+ cells, CD4/CD8 
and NK cells reduced to different extents, but 
comparable among three groups (P > 0.05). At 
7 days after surgery, total lymphocytes in EEN 
group and EN+PN group were markedly higher 
than those in TPN group, and these cells in 
EN+PN group were also markedly higher than 
those in EEN group (P < 0.05 and P < 0.01). 
CD3+ cells, CD4+ cells and CD4/CD8 signifi-
cantly increased in EEN group when compared 
with TPN group (P < 0.05), but were compara-
ble between EEN group and EN+PN group (P > 
0.05). NK cells in EN+PN group were dramati-
cally higher than those in EEN group and TPN 
group (P < 0.01). 

Discussion

Malnutrition to a degree in patients receiving 
surgery is associated with changes and impair-
ments in body composition, tissue wasting, 
muscle strength, wound healing, and immunity 
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[8]. Generally, patients undergoing GI surgery 
have a high risk for malnutrition due to anorex-
ia, dietary restriction, malabsorption, increased 
intestinal losses, or altered nutrient require-
ment peri-operatively, and preoperative malnu-
trition of patients with GI malignancies has 
been found to increase the postoperative com-
plications, infections, and mortality, prolong 
the duration of hospital stay, and elevate the 
hospital costs. However, it is generally difficult 
to improve the malnutrition due to multiple 
factors.

The nutrition support can be administered via 
enteral and parenteral routes. The traditional 
view was that the oral intake of fluids or nutri-
ents be reserved until postoperative ileus has 
resolved. Nevertheless, studies demonstrate 
that postoperative oral intake restriction is not 
based on scientific evidence. In recent years, 
some clinical studies and guidelines strongly 
recommend the use of EN in the critically ill and 
surgical patients due to a lower infection rate or 
shorter duration of hospital stay with accompa-
nying cost savings. EN is considered to be bet-
ter than conventional PN because it is less 
expensive, safer, more physiologic, and main-
tains the nutritional, metabolic, immunological, 
and barrier function of the intestines in criti-
cally ill and surgical patients [9]. It is recom-
mended that patients with a functioning GI 
tract are often unable to tolerate oral intake 
after surgery, EN is recommended within 1-2 
days after surgery in severely malnourished 
patients, 3-5 days in moderately malnourished 
patients, and 7 days in normally or over-nour-
ished patients. For patients who are unable to 
receive adequate EN because of GI insufficien-
cy, administration of PN is life-saving [6].

However, EN may cause some adverse effects 
such as nausea, abdominal distension, abdom-
inal pain and diarrhea. Especially, in old 
patients, the functional recovery of gastrointes-
tinal tract is relatively slow and EN alone is 
insufficient to provide enough energy. Thus, it is 
imperative to optimize the nutrition support for 
the old patients after surgery for GI cancer. In 
the present study, EN and/or PN were adminis-
tered in old patients who received surgery due 
to GI cancer, and clinical symptoms, nutrition 
status, biochemical parameters and immune 
parameters were employed to compare the 
therapeutic efficacy of nutrition support via dif-
ferent routes. 

Influence of different regimens for nutrition 
support on the post-operative GI function

Patients may develop gastrointestinal paralysis 
of different extents soon after surgery due to 
the anesthesia and surgery induced stress. 
Traditionally, the recovery of GI function 
requires 2-3 days for patients receiving abdom-
inal surgery, and oral intake of fluid or nutrients 
is administered once anal exhaust is present. 
Especially, in patients undergoing GI surgery, 
the time to oral intake and the amount of nutri-
ents are strictly controlled considering the 
anastomotic healing. Available studies confirm 
that GI function begins to recover at 12 h after 
surgery and returns to normal at 24-48 h after 
surgery, but the absorptive function of the 
intestine may completely recover within several 
hours after surgery [10]. There is evidence 
showing that early enteral nutrients may stimu-
late the secretion of digestives and endocrine 
hormones, increase the visceral blood flow and 
promote the intestinal mucosal growth and the 
recovery of intestinal peristalsis [11]. In the 
present study, the time to anal exhaust in EEN 
group and EN+PN group was earlier than in TPN 
group, and anastomotic leakage was not 
observed in three groups. This suggests that 
post-operative EN may not increase the anasto-
motic complications, but improve the recovery 
of GI function.

The advantages of EEN after surgery have been 
confirmed in numerous studies. However, the 
intestinal absorption and digestion vary at dif-
ferent peri-operative stages in old patients with 
GI cancer, and EEN alone usually fails to meet 
the peri-operative requirement for nutrients. 
Chen et al found 36 out of 120 GI cancer 
patients receiving EEN (30%) showed intoler-
ance, of whom 6 withdraw from the study [12]. 
In the present study, results showed some 
patients developed symptoms such as abdomi-
nal distension, abdominal pain and nausea, 
which had similar incidences among three 
groups (P > 0.05). One patient in EEN group 
developed vomitting, which was not observed 
in TPN group and EN+PN group, showing no sig-
nificant difference (P > 0.05). In addition, 10 
patients (28.57%) in EEN group developed diar-
rhea, and this incidence was significantly high-
er than that in TPN group and EN+PN group (P 
< 0.05). This suggests that the recovery of GI 
function is slow after surgery in the old patients 
with GI cancer, the tolerance to EEN varies 
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among individuals, and EEN alone may not 
meet the requirement for nutrients of all the 
patients. The incidence of GI adverse effects in 
EN+PN group was significantly lower than in 
EEN group, and the time to recovery of GI func-
tion in EN+PN group was also earlier than in 
TPN group, but similar to that in EEN group. This 
indicates that EN+PN is better for the post-
operative recovery of GI function of old patients 
with GI cancer.

Influence of nutrition support via different 
routes on the post-operative liver and kidney 
function

The metabolic hormones involved in the occur-
rence and development of GI cancer together 
with the surgical trauma may increase the pro-
tein catabolism, which facilitates the energy 
consumption, lead to a hypercatabolic status 
and increase the work load of the liver and kid-
ney. In the present study, results showed ALT, 
AST, ALP, GGT and CRE increased significantly 
at 3 days after surgery in 3 groups as compared 
to those before surgery (P < 0.05 or P < 0.01), 
but they reduced to different extents at 7 days 
after surgery. The reduction in EEN group and 
EN+PN group was earlier than in TPN group, 
and the post-operative liver and kidney func-
tion was comparable between EEN group and 
EN+PN group (P > 0.05). This may be explained 
as follows [13-16]: (1) EEN may improve the 
intestinal blood flow after stress, improve the 
ischemia/reperfusion injury, promote the recov-
ery of GI function and attenuate the acute 
inflammation and hypercatabolism; (2) EEN 
may improve the blood flow of portal vein as 
well as the enterohepatic circulation; (3) Long 
term fasting, bacterial translocation, excess 
energy and nutrients, and insufficiency of some 
nutrients (such as choline and glutamine) may 
induce parenteral nutrition associated liver dis-
ease (PNALD). Our results demonstrate that 
both EEN and EN+PN are able to improve the 
liver and kidney function after surgery induced 
stress, which is better than TPN alone.

Influence of nutrition support via different 
routes on the post-operative immunity and nu-
trition status

The nutrition status is influenced by multiple 
factors in the old patients with GI cancer. Old 
patients usually show the degeneration of 
some organs and have some chronic diseases, 

which together with cancer invasion and surgi-
cal trauma makes the malnutrition more 
severe. Furthermore, malnutrition further com-
promise the defense against stress, wound 
healing and immune function, which are impor-
tant factors cause post-operative infection and 
organ dysfunction [17]. Although TPN may 
improve the nutrition status to a certain extent, 
long term TPN alone may cause intestinal 
mucosal atrophy and intestinal bacterial infec-
tions, or even inhibit the cellular immunity [18]. 
Our results showed the nutrition status and 
immunity were significantly compromised at 3 
days after surgery in 3 groups as compared to 
those before surgery (P < 0.05), and there were 
no significant differences among these groups 
(P > 0.05). On post-operative day 7, the immu-
nity of EEN group and EN+PN group returned to 
pre-operative level, but the immunity in TPN 
group was still lower than that before surgery. 
In EN+PN group, the CD3+ cells, CD4+ cells 
and CD4/CD8 were markedly higher than in 
TPN group (P < 0.05); in EN+PN group, total 
lymphocytes and NK cells were dramatically 
higher than those in EEN group and TPN group 
(P < 0.05). These findings suggest that EEN 
alone and EN+PN block the surgery induced 
vicious cycle and the nutrition status returns to 
normal at 7 days after surgery; EN+PN is better 
than EEN and TPN in promoting the recovery of 
immunity, and the recovery of immunity is the 
slowest if TPN alone is administered.

Clinical efficacy of nutrition support via differ-
ent routes

The goal of nutrition support is to maintain the 
metabolism of cells, organs and tissues, assure 
their normal functions in the regulation of phys-
iological processes, facilitate the tissue repair, 
promote patients’ rehabilitation and reduce 
medical cost. Braunschweig et al [19] summa-
rized studies on the nutrition support in patients 
with malnutrition, and they found the mortality 
of patients without nutrition support was sig-
nificantly higher than that of patients receiving 
PN, and the incidence of infection in EN treated 
patients was markedly lower than in PN treated 
patients. In the present study, results showed 
the post-operative incidence of infection in TPN 
group was dramatically higher than in EEN 
group and EN+PN group, and the duration of 
fever in TPN group was also markedly longer 
than in later two groups. In addition, Chen et al 
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[12] also revealed that EP treated patients had 
shorter hospital stay and reduced medical cost 
as compared to PN treated patients. Our results 
showed patients in EN+PN group had the short-
est hospital stay, but the hospital stay in EN+PN 
group and EEN group was significantly shorter 
than that in TPN group (P < 0.01), and there 
was no marked difference between EN+PN 
group and EEN group (P > 0.05). This suggests 
that EEN alone and EN+PN may reduce the 
post-operative incidence of complications 
(including infection), promote the recovery and 
reduce the medical cost in old patients with GI 
cancer.

Taken together, our results demonstrate that 
EEN alone and EN+PN have similar capabilities 
to improve the post-operative nutrition status 
and liver and kidney function in old patients 
with GI cancer, and their efficacy is better than 
that of EEN alone. In addition, EN+PN is more 
suitable to the GI tract of old patients, and thus 
may cause low incidence of GI adverse effects. 
On the basis of our findings, EN in combination 
with PN is a better strategy for the nutrition 
support for old patients receiving surgery for GI 
cancer.

Acknowledgements 

This study was supported by the Innovation Key 
Project of Health System in Putuo District, 
Shanghai (PTKW08-B02). 

Disclosure of conflict of interest

None.

Address correspondence to: Dongping Huang, 
Department of General Surgery, People’s Hospital of 
Putuo District, Shanghai, 200060, China. E-mail: 
dongping-huang@163.com; Zhaozai Shen, Depart- 
ment of Scientific Research, Tongji Hospital Affiliated 
to Tongji University, Shanghai, 200065, China. 
E-mail: shenzhaozai@163.com

References

[1] Yang ZH and Li GN. Clinical Analysis of 
Perioperative Enteral Nutrition in Patients with 
Gastrointestinal Tumor. App J Gen Prac 2008; 
6: 483-484.

[2] Bozzetti F. Nutrition and gastrointestinal can-
cer. Curr Opin Clin Nutr Metab Care 2001; 4: 
541-546.

[3] Shim H, Cheong JH, Lee KY, Lee H, Lee JG and 
Noh SH. Perioperative nutritional status chang-

es in gastrointestinal cancer patients. Yonsei 
Med J 2013; 54: 1370-1376.

[4] Ahn HS, Yook JH, Park CH, Park YK, Yu W, Lee 
MS, Sang-Uk H, Ryu KW, Sohn TS, Kim HH, 
Choi SH, Noh SH, Hiki N, Sano T and Yang HK. 
General perioperative management of gastric 
cancer patients at high-volume centers. 
Gastric Cancer 2011; 14: 178-182.

[5] Lassen K, Dejong CH, Ljungqvist O, Fearon K, 
Andersen J, Hannemann P, von Meyenfeldt MF, 
Hausel J, Nygren J and Revhaug A. Nutritional 
support and oral intake after gastric resection 
in five northern European countries. Dig Surg 
2005; 22: 346-352; discussion 352.

[6] Jeong O, Ryu SY, Jung MR, Choi WW and Park 
YK. The safety and feasibility of early postop-
erative oral nutrition on the first postoperative 
day after gastrectomy for gastric carcinoma. 
Gastric Cancer 2014; 17: 324-331.

[7] Shrikhande SV, Shetty GS, Singh K and Ingle S. 
Is early feeding after major gastrointestinal 
surgery a fashion or an advance? Evidence-
based review of literature. J Cancer Res Ther 
2009; 5: 232-239.

[8] Stroud M, Duncan H and Nightingale J. 
Guidelines for enteral feeding in adult hospital 
patients. Gut 2003; 52 Suppl 7: vii1-vii12.

[9] Mazaki T and Ebisawa K. Enteral versus paren-
teral nutrition after gastrointestinal surgery: a 
systematic review and meta-analysis of ran-
domized controlled trials in the English litera-
ture. J Gastrointest Surg 2008; 12: 739-755.

[10] Baskin WN. Advances in enteral nutrition tech-
niques. Am J Gastroenterol 1992; 87: 1547-
1553.

[11] Fuchs BC and Bode BP. Stressing out over sur-
vival: glutamine as an apoptotic modulator. J 
Surg Res 2006; 131: 26-40.

[12] Chen ZH, Chen ZK, Zhang QJ, Ge J, Yuan WJ 
and Huang B. Perioperative nutrition support 
for patients with gastrointestinal malignancy. 
Chin J Gen Sur 2006; 15: 811-814.

[13] Luo SC, Guo JH, Zhu J, Zhuo WD and Zhang LP. 
Early Postoperative Enteral Versus Parenteral 
Nutrition in Patients with Gastrointestinal 
Cancer: A Randomized Controlled Trial. Chin J 
Bases Clin Gen Sur 2007; 14: 324-328.

[14] Kaufman SS. Prevention of parenteral nutri-
tion-associated liver disease in children. 
Pediatr Transplant 2002; 6: 37-42.

[15] Cober MP and Teitelbaum DH. Prevention of 
parenteral nutrition-associated liver disease: 
lipid minimization. Curr Opin Organ Transplant 
2010; 15: 330-333.

[16] Kumpf VJ. Parenteral nutrition-associated liver 
disease in adult and pediatric patients. Nutr 
Clin Pract 2006; 21: 279-290.

[17] Zhong ZQ, Song MM, Bai RX and Cheng S. A 
clinical study on perioperative enteral nutrition 
for patients with colorectal cancer. Parent Ent 
Nutr 2006; 13: 212-215,220.



Early enteral nutrition after surgery

13945 Int J Clin Exp Med 2015;8(8):13937-13945

[18] Chen H, Jia JG, Li F, Yang L, Yang P, Li J and Sun 
JB. Clinical Comparative Study of Early 
Postoperative Enteral Nutrition and Parenteral 
Nutrition in Gastroenteral Surgery. Chin J Clin 
Nutr 2004; 12: 181-185.

[19] Braunschweig CL, Levy P, Sheean PM and 
Wang X. Enteral compared with parenteral nu-
trition: a meta-analysis. Am J Clin Nutr 2001; 
74: 534-542.


