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Abstract
AIM: To investigate the effects of early enteral nutri-
tion (EEN) on the immune function and clinical out-
come of patients with severe acute pancreatitis (SAP).

METHODS: Patients were randomly allocated to re-
ceive EEN or delayed enteral nutrition (DEN). Enteral 
nutrition was started within 48 h after admission in 
EEN group, whereas from the 8th day in DEN group. 
All the immunologic parameters and C-reactive protein 
(CRP) levels were collected on days 1, 3, 7 and 14 af-
ter admission. The clinical outcome variables were also 
recorded.

RESULTS: Sixty SAP patients were enrolled to this 
study. The CD4+ T-lymphocyte percentage, CD4+/
CD8+ ratio, and the CRP levels in EEN group became 
significantly lower than in DEN group from the 7th day 
after admission. In contrast, the immunoglobulin G 

(IgG) levels and human leukocyte antigen-DR expres-
sion in EEN group became significantly higher than in 
DEN group from the 7th day after admission. No dif-
ference of CD8+ T-lymphocyte percentage, IgM and 
IgA levels was found between the two groups. The 
incidences of multiple organ dysfunction syndrome, 
systemic inflammatory response syndrome, and pan-
creatic infection as well as the duration of intensive 
care unit stay were significantly lower in EEN group 
than in DEN group. However, there was no difference 
of hospital mortality between the two groups.

CONCLUSION: EEN moderates the excessive immune 
response during the early stage of SAP without leading 
to subsequent immunosuppression. EEN can improve 
the clinical outcome, but not decrease the hospital 
mortality of SAP patients.
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INTRODUCTION
Severe acute pancreatitis (SAP) is a systemic disease char-
acterized by a high mortality because of  multiple organ 
dysfunction syndrome (MODS) and infectious complica-
tions[1,2]. During recent years, numerous studies conclud-
ed that immune dysregulation might play an important 
role in the development of  MODS and infectious com-
plications in SAP patients[3-5]. In the early stage of  SAP, 
immune imbalance mainly appears as excessive immune 
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response, which is associated with systemic inflammatory 
response syndrome (SIRS) and MODS[3-6]. Therefore, 
some clinicians advocate using immunomodulatory thera-
py in the acute phase of  SAP[4,7,8]. However, no consensus 
on the efficacy of  immunotherapy has been reached due 
to the conflicting results of  relevant experiments.

As an essential therapeutic modality for SAP, early en-
teral nutrition (EEN) could increase antioxidant activity, 
modulate inflammatory response, and decrease the inci-
dence of  SIRS and subsequent MODS[9]. Hence, we infer 
that EEN might exert some underlying influence on the 
immune function of  SAP patients. However, there have 
been few trials investigating the effects of  EEN on the 
immune function of  the patients during the initial stage 
of  SAP. Zou et al[10] reported that enteral immunonutri-
tion enhanced the immune function in pigs with SAP. 
Belabed et al[11] found that the immune enhancing diets 
was efficient in preserving lymphocyte function in head-
injured rats. Nevertheless, the impact of  standard enteral 
nutrition on the immunologic function of  SAP patients 
remains unclear.

Therefore, this study aimed to investigate the influ-
ence of  EEN on the immune function and clinical out-
come of  early-stage SAP patients. 

MATERIALS AND METHODS
Study design
This is a single-center, prospective, and randomized con-
trolled clinical trial. Patients were randomly allocated to 
receive either EEN or delayed enteral nutrition (DEN) 
on admission. The study protocol was approved by the 
Ethics Committee of  the hospital, and informed consent 
was obtained from each patient or his/her first-degree 
relatives. This study was also registered at Clinical Trials.
gov (Identifier: NCT01507766).

Patients
All adult SAP patients (aged 18-70 years) admitted within 
3 d of  symptom onset to the Surgical Intensive Care 
Unit (SICU), the Department of  General Surgery, Jinling 
Hospital from September 2010 to September 2011 were 
enrolled into this study. SAP was defined as presence of  
one or more local complications (e.g., pseudocyst, necro-
sis or abscess) or/and organ failure and acute physiology 
and chronic health evaluation Ⅱ (APACHE Ⅱ) score > 
8 according to the widely used Atlanta criteria formulated 
in 1992[12]. Patients with chronic organs dysfunction or 
immunodeficiency or malnutrition, patients who had 
received artificial nutrition (either enteral nutrition or 
parenteral nutrition) before admission, and patients with 
ileus or pancreatitis in pregnancy were all excluded. All 
the SAP patients received specialized medical therapy for 
SAP[2,13] such as intensive monitoring, oxygen administra-
tion, fluid resuscitation, stopping oral feeding, exocrine 
pancreatic suppression, and antibiotic prophylaxis. 

Patients in EEN group received enteral nutrition 
within 48 h after admission, whereas patients in the DEN 

group received enteral nutrition beginning from the 8th 
day after admission.

Nutrition protocols
A nasojejunal tube (size 10F, Flocare, Nutricia Ltd, Wuxi, 
China) was placed beyond the Treitz’ ligament endo-
scopically or radiologically, and the position of  tip was 
confirmed by fluoroscopy. The tube was placed within 
24 h after admission in EEN group, and enteral nutrition 
was started from the next 24 h. Patients in DEN group 
received feeding on the 8th day after admission, and a 
nasojejunal tube was placed on the 7th day. Peptide-based 
formula (Peptisorb, Nutricia Ltd) was used in the first 
24-48 h of  feeding, and if  patients were tolerant, whole 
protein formula (Nutrison Fibre, Nutricia Ltd) would be 
established subsequently. The goal intake of  enteral nutri-
tion was calculated as 20-25 kcal/kg·per day and protein 
need was calculated as 1.5 g/kg·per day[14,15]. The feeding 
rate was initiated at 15-20 mL/h and increased gradually 
by 15-20 mL every 6-8 h, using a pump. If  the patients 
were intolerant due to abdominal distension and so on, 
we would slow down the feeding rate, dilute the feedings 
concentration, and use prokinetic agents to improve the 
intestinal motility.

Total parenteral nutrition was given during the first 
week of  admission in DEN group. The caloric intake of  
parenteral nutrition was determined as 20-25 kcal/kg·per 
day and the calorie: nitrogen ratio was calculated as 
120-150:1[16,17]. Fifty to seventy percentages of  total en-
ergy need were supplied by glucose, and the use of  lipids 
was on the basis of  serum triglyceride levels[16]. Further-
more, sufficient vitamins, electrolytes, trace elements, and 
insulin were also added into the intravenous solution.

Data collection
The baseline characteristics of  patients including age, sex, 
body mass index, and etiology were recorded on admis-
sion. The APACHE Ⅱ score, sequential organ failure 
assessment score, and C-reactive protein (CRP) levels 
were also collected. The CRP levels and the immunologic 
parameters including CD4+, CD8+ T-lymphocyte per-
centage, CD4+/CD8+ ratio, human leukocyte antigen-
DR (HLA-DR), immunoglobulin A (IgA), IgG and IgM 
in peripheral blood were collected on days 1, 3, 7 and 14 
after admission[4,6,18]. T-lymphocyte subset percentage and 
HLA-DR expression were detected by flow cytometry 
(BD FACS Aria, United States). IgA, IgG and IgM were 
measured by enzyme-linked immunosorbent assay. The 
incidences of  SIRS and MODS during the first 2 wk after 
admission, the incidence of  surgical operation, the devel-
opment of  pancreatic infection, the duration of  ICU stay, 
and the hospital mortality were also recorded.

Statistical analysis
All the data were presented as median (interquartile range), 
if  not stated otherwise. Categorical variables were ex-
pressed as absolute numbers or in percentages, and were 
analyzed using χ 2 test. Continuous variables were com-
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pared by the Mann-Whitney U test or Wilcoxon signed-
rank test as appropriate. Statistical Package for the Social 
Sciences (SPSS, version 17.0, Chicago, IL, United States) 
software was used for statistical analysis. P < 0.05 was con-
sidered statistically significant.

RESULTS
A total of  60 eligible patients with SAP (30 in each 
group) were enrolled into this clinical trial during the 
study period. The principal etiological factors of  SAP 
were biliary origin (60%, 36/60) and hyperlipidemia (23%, 
14/60). The demographic data and clinical parameters of  
the patients on admission are presented in Table 1. Three 
patients (5%, 3/60) died of  MODS and septic shock dur-
ing hospital stay.

Comparison of immune parameters and CRP levels 
between two groups
Figure 1 shows the differences of  T-lymphocyte subsets 
percentage between DEN and EEN groups. As shown in 

Figure 1A, patients in EEN group had significantly lower 
CD4+ T-lymphocyte percentage from the 7th day (P < 
0.05) after admission. Similar results were detected in the 
CD4+/CD8+ ratio (Figure 1C). However, there was no 
difference of  CD8+ T-lymphocyte percentage between 
the two groups during the two weeks after admission 
(Figure 1B).

Figure 2 presents the disparities of  immunoglobulin 
subtypes between the two groups. As shown in Figure 
2A, patients in EEN group had significantly higher IgG 
levels from the 7th day (P < 0.05) after admission. Never-
theless, no difference of  IgM and IgA between the two 
groups was found during the two weeks after admission 
(Figure 2B and C).

As shown in Figure 3A, patients in EEN group had 
significantly higher HLA-DR expression from the 7th day 
(P < 0.05) after admission. In contrast, the CRP levels of  
patients in EEN group were significantly lower than in 
patients of  the DEN group from the 7th day (P < 0.05) 
after admission (Figure 3B).

Comparison of outcome variables between two groups
As presented in Table 2, patients in EEN group had sig-
nificantly lower incidences of  MODS, SIRS and pancre-
atic infection as well as shorter ICU stay during hospital 
stay. However, no difference of  hospital mortality and 
operation incidence was found between the two groups.
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DEN group EEN group
P  value

(n  = 30) (n  = 30)

  Age (yr)         43 (34.5-51)       45 (35-52) 0.594
  Sex (male:female)         18:12       20:10 0.287
  Etiology  n (%)
     Biliary origin         17 (57)       19 (63) 0.278
     Hyperlipidemia           8 (27)         6 (20) 0.373
     Alcohol abuse           3 (10)         4 (13) 1.000
     Idiopathic           2 (7)         1 (3) 1.000
  BMI      24.6 (23.5-26.8)    25.8 (23.9-28.8) 0.158
  APACHEⅡ score        9.5 (8.5-11)       10 (8-11.5) 0.994
  SOFA score        4.5 (3.5-5.5)         4 (3-5) 0.880
  CRP (mg/L)    203.5 (188-253)     195 (161-247.5) 0.214

Table 1  Demographic data and clinical parameters on 
admission

DEN: Delayed enteral nutrition; EEN; Early enteral nutrition; BMI: Body 
mass index; APACHEⅡ: Acute physiology and chronic health evaluation 
Ⅱ; SOFA: Sequential organ failure assessment; CRP: C-reactive protein.

Figure 1  Comparisons of T-lymphocyte subsets percentage between early enteral nutrition and delayed enteral nutrition groups. Results are expressed as 
median (interquartile range). A: Comparison of CD4+ T-lymphocyte percentage between early enteral nutrition (EEN) and delayed enteral nutrition (DEN) groups; B: 
Comparison of CD8+ T-lymphocyte percentage between EEN and DEN groups; C: Comparison of CD4+/CD8+ ratio between EEN and DEN groups. aP < 0.05, EEN 
groups vs DEN groups. 
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DEN group (n = 30) EEN group (n = 30) P  value

  Hospital mortality               1 (3)               2 (7) 1.000
  ICU stay (d)             12 (8-21)               9 (5-14) 0.033
  Pancreatic infection             10 (33)               3 (10) 0.028
  MODS             13 (43)               5 (17) 0.024
  SIRS             22 (73)             12 (40) 0.009
  Surgical operation               4 (13)               2 (7) 0.671

Table 2  Clinical outcome variables  n  (%)

DEN: Delayed enteral nutrition; EEN: Early enteral nutrition; ICU: Inten-
sive care unit; MODS: Multiple organ dysfunction syndrome; SIRS: Sys-
temic inflammatory response syndrome.
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therapy for the patients with early-stage SAP. Up till now, 
a number of  immunosuppressive agents (e.g., dexametha-
sone, IL-10, and anti-tumor necrosis factor monoclonal 
antibodies) have been studied in SAP animal experi-
ments[4,8]. Unfortunately, the findings were inconsistent or 
even conflicting, and very few of  these studies involved 
SAP patients. Moreover, inappropriate immunosuppres-
sion might be associated with subsequent infectious com-
plications during the late stage of  SAP[3,4,6]. Therefore, the 
effects of  immunomodulatory therapy in SAP were still 
unclear, and further clinical trails are extremely needed.

Gut is the primary immune organ providing an initial 
barrier against extraneous antigens and microbes[20,21]. The 
previous studies reported that gut immune response was 
highly associated with enteral nutrition, and deficiency of  
enteral stimulation might induce immune suppression[20,21]. 
In addition, enteral nutrition (especially EEN) had been 
confirmed to modulate inflammatory response, maintain 
gut integrity, and release immunomodulating agents[9,22]. 
Based on the above findings, we postulated that EEN 
might have some underlying impacts on the immune func-
tion of  SAP patients, however, few clinical trials about it 
have been conducted. Therefore, the principal purpose of  
this clinical study was to investigate the influence of  EEN 
on the immune function of  early-stage SAP patients.

CD4+, CD8+ T-lymphocyte percentage and CD4+/
CD8+ ratio were closely related to the cellular immune 

DISCUSSION
This clinical study investigated the effects of  EEN on 
the immune function as well as on the clinical outcome 
of  SAP patients. We found that EEN could moderate 
the excessive immune response during the early stage of  
SAP without leading to subsequent immunosuppression. 
Moreover, EEN administration could improve the clini-
cal outcome, but not decrease the hospital mortality of  
SAP patients.

Immune dysregulation is one of  the main causes re-
sponsible for a high mortality of  SAP. Recent studies have 
shown that excessive immune response might play an 
important role in the development of  SIRS and MODS in 
the early stage of  SAP[3-6,19]. The imbalance of  Th1/Th2 
cells (differentiated from the Th0 cells which were derived 
from CD4+ T-lymphocytes) is the principal mechanism 
of  excessive immune response[4,19]. Th1 cells mainly pro-
duce some anti-inflammatory factors, such as interleukin 
10 (IL-10) and IL-4, whereas Th2 cells mainly release the 
pro-inflammatory factors, such as IL-6, and tumor necro-
sis factor-α (TNF-α)[3,4,19]. Pietruczuk et al[19] found that 
Th1 cells were suppressed more strongly than Th2 cells in 
the acute phase of  SAP, thus the pro-inflammatory factors 
produced by Th2 cells were over-activated and then trig-
gered the strong inflammatory reaction. For this reason, 
some researchers considered using immunosuppressive 
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Figure 2  Comparisons of immunoglobulin subtypes between early enteral nutrition and delayed enteral nutrition groups. Results are expressed as median 
(interquartile range). A: Comparison of immunoglobulin G (IgG) levels between early enteral nutrition (EEN) and delayed enteral nutrition (DEN) groups; B: Compari-
son of IgM levels between EEN and DEN groups; C: Comparison of IgA levels between EEN and DEN groups. aP < 0.05, EEN groups vs DEN groups.  

Figure 3  Comparisons of human leukocyte anti-
gen-DR expression and C-reactive protein levels 
between early enteral nutrition and delayed enteral 
nutrition groups. Results are expressed as median 
(interquartile range). A: Comparison of human leuko-
cyte antigen-DR (HLA-DR) expression between early 
enteral nutrition (EEN) and delayed enteral nutrition 
(DEN) groups; B: Comparison of C-reactive protein 
(CRP) levels between EEN and DEN groups. aP < 0.05, 
EEN groups vs DEN groups.
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function of  SAP[23,24]. Uehara et al[5] observed that both 
CD4+ percentage and CD4+/CD8+ ratio were sig-
nificantly reduced in patients with acute pancreatitis, 
whereas Liu et al[6] reported that the CD4+ percentage 
was increased significantly on the 7th day in SAP patients 
after admission. In the present study, we found that EEN 
could reduce CD4+ T-lymphocyte percentage as well 
as CD4+/CD8+ ratio from the 7th day after admission. 
And patients in EEN group also had significantly lower 
CRP levels from the same day. Furthermore, the initial 
incidences of  SIRS and MODS in EEN group were 
significantly lower than in DEN group. These results in-
dicated that EEN might be able to suppress the excessive 
immune response during the early phase of  SAP. It has 
been demonstrated that EEN can prevent the release of  
pro-inflammatory mediators (e.g., IL-6 and TNF-α) and 
promote the release of  anti-inflammatory factors (e.g., 
IL-10)[8,9]. In other words, EEN might suppress the over-
activation of  Th2 cells and promote the production of  
Th1 cells, and then moderate the imbalance of  Th1/Th2 
cells. This may be the underlying mechanisms of  our 
conclusion.

In addition, since excessive or prolonged immuno-
suppressive therapy might induce the development of  
infectious complications, whether EEN could lead to 
subsequent immunosuppression still need to be further 
investigated. Immunoglobulin concentrations and HLA-
DR expression levels were also closely related to the 
immune function of  SAP patients. Zou et al[10] reported 
that the serum IgG levels of  SAP pigs were significantly 
decreased on day 2 after induction of  SAP, and then were 
increased significantly on day 8. Yu et al[25] found that 
continuous HLA-DR suppression was highly associated 
with infectious complications and poor outcome in SAP 
patients, and the HLA-DR suppression was inversely cor-
related with CRP levels. In our study as shown in Figures 
2A and 3A, patients in EEN group had significantly high-
er IgG levels and HLA-DR expression from the 7th day 
after admission. And the IgM and IgA levels of  patients 
in EEN group were also not lower than that of  patients 
in DEN group. Furthermore, the incidence of  pancreatic 
infection in EEN group was significantly lower than in 
DEN group, and this result is also consistent with the 
findings of  previous studies[9,22]. These phenomena sug-
gested that EEN did not lead to immunosuppression 
during the late stage of  SAP.

There are several limitations in this study. Due to the 
small sample size and the single-center design, our results 
might be uncertain for a definite conclusion, and the ac-
curacy should be tested by further large-sized studies. 
Moreover, since this study did not base on a pathophysi-
ological model, the precise mechanisms of  EEN in SAP 
patients should be verified by more basic experiments.

In conclusion, EEN could moderate the excessive im-
mune response during the early stage of  SAP without lead-
ing to subsequent immunosuppression. Moreover, EEN 
could improve the clinical outcome, but not decrease the 
hospital mortality of  SAP patients. However, the precise 

mechanisms of  EEN for SAP are still not clear, and fur-
ther studies are required to verify our conclusions.
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