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ABSTRACT. We investigated the impact of early enteral nutrition
(EEN) and parenteral nutrition (PN) on prealbumin (PA) and highsensitivity C-reactive protein (hs-CRP) in patients after gastric cancer
surgery. Sixty-eight selected patients undergoing gastric cancer surgery
were randomly divided into the EEN (N = 34) and PN (N = 34) groups.
Body weight (BW), serum albumin (ALB), transferrin (TF), PA, hsCRP, length of hospital stay, cost of postoperative nutritional support,
and incidence of complications were compared between groups.
On postoperative day 7, the BW, TF, ALB, and PA for both groups
were significantly decreased compared with the values obtained on
preoperative day 1 (P < 0.01). A significant decrease was observed in
TF and PA in the PN group compared with the EEN group (P < 0.01).
There was no significant difference in BW and ALB between the two
groups (P > 0.05). The hs-CRP level of both groups was significantly
higher than on preoperative day 1. There was a significant increase in
hs-CRP in the PN group compared with the EEN group (P < 0.01). The
anal exhaust time, length of hospital stay, and nutritional support cost
were significantly shorter or lower in the EEN group than in the PN
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group (P < 0.01). There was no significant difference in the incidence of
complications between the two groups (P > 0.05). EEN helps regulate
the postoperative response of patients after gastric cancer surgery,
promotes rehabilitation, and accelerates the recovery of gastrointestinal
function. Furthermore, EEN has the advantage of being inexpensive.
Key words: Gastric cancer; Enteral nutrition; Parenteral nutrition;
Prealbumin; High-sensitivity C-reactive protein

INTRODUCTION
Elderly patients with gastric cancer often experience immune dysfunction because
of the high metabolism of malignant tumors (Nakamura and Matsumoto, 2013). Perioperative fasting and surgical stress exert an important influence on the postoperative nutrition and
recovery of patients, and this can significantly increase the incidence of postoperative complications and mortality (Li et al., 2014). Postoperative nutrition can significantly improve the
prognosis of patients. The existing nutritional treatment includes early enteral nutrition (EEN)
or parenteral nutrition (PN), and the efficacy of EEN has been gradually accepted by clinicians
(Yao et al., 2013; Bowrey et al., 2014). From January 2006 to December 2013, these two nutrition therapies were provided to patients undergoing gastric cancer surgery at our hospital, and
the efficacy of these treatments was investigated.

MATERIAL AND METHODS
Characteristics of participants
A total of 272 patients undergoing gastric cancer surgery from January 2006 to
December 2013 were selected. None of the patients had received hormone therapy, chemotherapy, or immunotherapy, and they did not have any metabolic disorders or liver and
kidney diseases such as diabetes and high cholesterol. The patients selected comprised
180 men and 92 women with an age range of 60-86 (67.7 ± 7.2) years. Among the cancer
patients, 32 were in stage Ι, 132 were in stage II, 92 were in stage IIIa, and 16 were in
stage IIIb. A total of 20 patients underwent proximal gastrectomy, 176 underwent distal
gastrectomy, and 76 underwent radical total gastrectomy. The patients were randomly
divided into the PN group and the EEN group, with 136 patients in each group. The two
groups were comparable and showed no significant difference in age, gender, tumor staging, or surgical method (P > 0.05).

Nutritional treatment
After the intraoperative reconstruction of the digestive tract was completed, a Flocare
nasoenteral feeding tube (Changfeng Medical Industry Co., Ltd., Jiangsu, China) was placed
approximately 30 cm from the distal anastomosis of the intestine jejunum-jejunal efferent
loop in patients in the EEN group. For the EEN group, a slow infusion of 250-500 mL warm
saline was given through the feeding tube on postoperative postoperative day 1, followed by
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slow infusion of 500 mL of an enteral nutrition suspension [Nutrison (Milupa GmbH & Co.,
KG, Netherlands)] on postoperative day 2. A daily increment of 500 to 1000-1500 mL was
subsequently provided, and the lack of fluids and nutrients was supplemented intravenously.
For the PN group, nutritional support by using a self-configured 3-L bag (mainly containing
amino acids, fat emulsion, glucose, vitamins, and trace elements) was commenced on postoperative day 1. For both groups, the calorie supply was 126 kJ·kg-1·day-1. The calorie limit
was gradually increased 3-5 days after anal exhaust. A subcutaneous injection of short-acting
insulin was given based on the blood glucose test results during the enteral and parenteral
nutrition treatments.

Specimen collection and detection
Cubital vein blood was collected from patients in both groups on preoperative day 1
and postoperative day 7 in the morning after fasting. The blood sample was anticoagulated
with EDTA, centrifuged to separate the serum, and stored at -20°C for subsequent tests. The
high-sensitivity C-reactive protein (hs-CRP) level was detected by using a Wuhan Elf unknown protein analyzer. The serum albumin (ALB) and prealbumin (PA) levels were detected
with a Shenzhen Mindray BC-300 automatic biochemistry analyzer (Shenzhen Mindray Biomedical Electronics Co., Ltd., Shenzhen, China). Transferrin (TF) was determined with immunoturbidimetry.

Outcome measures
The body weight (BW), ALB, TF, PA, hs-CRP, length of postoperative hospital stay,
postoperative nutritional support cost, and incidence of complications were recorded for the
two groups.

Statistical analysis
The study data were processed by using the SPSS 15.0 software (SPSS Inc., Chicago, IL, USA). The measurement data are reported as means ± SD. The comparison
between groups was completed by using a Student t-test, and the comparison before and
after treatment was carried out by using a paired Student t-test. The counting data are
presented as a rate and were analyzed by using Fisher’s exact test. The significance level
was set as α = 0.05.

RESULTS
Comparison of BW, TF, and ALB before and after surgery for the two groups
For both groups, BW, TF, and ALB were significantly decreased on postoperative day
7 when compared with the corresponding values on preoperative day 1 (P < 0.01). There was
a significant decrease in the TF level in the PN group when compared with the EEN group (P
< 0.01). There were no significant differences in BW and ALB between the two groups (P >
0.05). The results are shown in Table 1.
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Table 1. Changes in BW, TF, and ALB after the operation.
Group

N		

Preoperative day 1			

Postoperative day 7

		

BW (kg)

TF (g/L)

ALB (g/L)

BW (kg)

TF (g/L)

ALB (g/L)

EEN
PN

65.5 ± 5.8
65.8 ± 5.5

2.3 ± 0.8
2.4 ± 0.9

33.5 ± 5.2
34.1 ± 5.7

61.4 ± 4.9*
61.0 ± 4.8*

1.8 ± 0.6*
1.4 ± 0.5*

30.5 ± 4.4*
30.1 ± 4.7*

136
136

BW, body weight; TF, transferrin; ALB, albumin; EEN, early enteral nutrition; PN, parenteral nutrition. *Compared
with preoperative day 1, P < 0.001.

Comparison of the PA and hs-CRP levels before and after surgery for the two groups
For both groups, the levels of PA and hs-CRP were significantly different on postoperative day 7 when compared with the corresponding preoperative data. There were significant
differences in the PN group when compared with the EEN group (P < 0.01). The results are
shown in Table 2.
Table 2. Changes in PA and CRP after the operation.
Group

N

		
EEN
PN

136
136

Preoperative day 1		

Postoperative day 7

PA (mg/L)

CRP (mg/L)

PA (mg/L)

CRP (mg/L)

335.5 ± 25.8
331.3 ± 27.5

2.8 ± 0.8*
2.9 ± 0.7*

253.2 ± 20.4
231.1 ± 21.9

7.2 ± 1.4*
11.4 ± 1.8*#

PA = prealbumin; CRP = C-reactive protein; EEN = early enteral nutrition; PN = parenteral nutrition. *Compared
with preoperative day 1, P < 0.001; #Compared with EEN group, P < 0.01.

Impact of nutrition on the postoperative indicators of patients
The anal exhaust time, length of hospital stay, and nutritional support cost for the
patients of the EEN group were significantly shorter or lower than those of the PN group (P <
0.01). The incidence of complications was not significantly different between the two groups
(P > 0.05). The results are shown in Table 3.
Table 3. Clinical indices after the operation.
Group
N
		
EEN
PN

136
136

Anal exhaust
time (days)

Length of hospital
stay (days)

Nutritional support
cost (dollar/day)

Incidence of
complications, N (%)

2.2 ± 0.3
3.7 ± 0.5*

16.2 ± 3.6
19.7 ± 4.5*

71.5 ± 3.8
86.3 ± 3.5*

29 (10.6)
38 (14.0)

EEN, early enteral nutrition; PN, parenteral nutrition. *Compared with EEN, P < 0.001.

DISCUSSION
The significantly low immune function and decreased appetite of patients with gastric
cancer before surgery, as well as the postoperative stress due to the surgical trauma, cause a
significant decrease in the BW of patients (Kashimura et al., 2012; Rachidi et al., 2013). After
a gastric cancer surgery, the conventional treatment typically consists of PN therapy with a
gradually supplemented diet after anal exhaust. With the development of general surgery and
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postoperative nutritional science, an increased number of studies have shown that EEN helps
restore the gut function and reduce the translocation of intestinal bacteria, suggesting an important role in protecting the intestinal mucosa (Delgado et al., 2011; Fujitani et al., 2012; Li et
al., 2012). The present study shows that postoperative EEN or total parenteral nutrition (TPN)
can reduce and restore the visceral consumption of proteins after surgical trauma and reduce
in vivo protein catabolism. The decrease in TF in the EEN group was less than that in the PN
group. Additionally, the postoperative gastrointestinal function recovery time and the length
of postoperative hospital stay of the EEN group were found to be significantly shorter than
those of the TPN group. There was no significant difference in the incidence of complications
between the two groups, suggesting that postoperative EEN in elderly patients with gastric
cancer allowed for a rapid rehabilitation and facilitated the synthesis of important proteins.
These data are consistent with previous reports (Barlow et al., 2011; Mendelsohn et al., 2011).
Furthermore, the treatment cost for the EEN group was significantly lower than that for the PN
group, suggesting that EEN complies with the surgical concept of rapid rehabilitation, which
is advantageous for the patients (Hur et al., 2011). In addition, long-term TPN can cause serious complications such as catheter-related sepsis and intestinal infections. Therefore, EEN is
now accepted by most scholars and has become the preferred nutritional supplement.
PA is a negative acute-phase protein synthesized in the liver. PA levels can reflect liver
function based on cell synthesis and protein secretion. With a short half-life of only 1.9 days,
PA is much more sensitive than ALB. The main proteins synthesized in the liver change from
structural proteins in the plasma to acute-phase proteins because of the intense stress response
of the body after a gastric cancer surgery. Therefore, the determination of PA concentration in
the plasma has a high sensitivity for understanding the metabolism state and immunity of the
body. The dynamic observation of PA levels can also help understand changes in the disease
and can be used as an indicator to determine treatment efficacy and prognosis (Hur et al., 2011;
Bae et al., 2011). Serum CRP was significantly increased after 6-8 h of inflammation, which
can be used as an early diagnostic marker of surgical stress (Ortega-Deballon et al., 2012).
By using an ultrasensitive method, the CRP at low concentrations was measured as hs-CRP,
which is a more precise indicator of vascular inflammation and a nonspecific marker of systematic stress (Ortega-Deballon et al., 2010). The present study showed that PA and hs-CRP
were significantly lower or higher, respectively, on postoperative day 7 for the two groups
when compared with preoperative day 1. The changes in the EEN group were more robust
than those of the PN group (P < 0.01). This result suggests that postoperative EEN for elderly
patients with gastric cancer reduces the body’s response to the stress of surgical trauma. This
effect of EEN support could be attributable to the effective maintenance of the intestinal mucosal barrier function, reduction of the endotoxin and bacterial translocation, and reduction of
postoperative intestinal stress. Therefore, EEN better attenuates the postoperative response to
stress in patients than do PN. These data highlight the significance of enhancing the body’s
immune function.
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