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Background: Nutritional support is very important in the treatment of severe acute pancreatitis, this 
study aimed to investigate the effect of total parenteral nutrition (TPN) and enteral nutrition (TEN) on the 
prognosis of patients with acute pancreatitis. 
Methods: The databases of PubMed, Embase, Cochrane Library, and Ovid were searched using the 
keywords acute pancreatitis, enteral nutrition, and parenteral nutrition to obtain the reports of randomized 
controlled trials (RCTs) published after 2000. After screening the articles according to the inclusion criteria, 
risk of bias of the included literatures was evaluated using the Cochrane Handbook for Systematic Reviews. 
The software RevMan 5.3.5 was used for analysis and the creation of a forest plot and funnel plot. 
Results: A total of 488 literatures were preliminarily searched in this study, from which 10 articles were 
included into the final quantitative analysis, involving a total of 699 participants. A total of 6 literatures (n=329 
participants) reported the infection rate indicators. The obtained statistic value [odds ratio (OR) =0.25, 95% 
confidence interval (CI): 0.10 to 0.62] showed TEN had less infection rate that TPN (P=0.003). A total of 8 
studies (654 participants) reported the incidence rate indicators of multiple organ failure rate indicator, the 
obtained statistic value (OR =0.50, 95% CI: 0.24 to 1.08) showed no statistical difference between TEN and 
TPN (P>0.05). A total of 7 studies (550 participants) reported the mortality indicators. The obtained statistic 
value (OR =0.59, 95% CI: 0.37 to 0.94) showed TEN had less mortality than TPN (P=0.03). A total of  
3 studies reported the length of hospital stay indicators. The obtained statistic value [mean difference (MD) 
−4.18, 95% CI: −5.07 to −3.30] showed the length of hospital stay for TEN was shorter that TPN (P<0.001). 
Discussion: Compared with TPN, TEN can reduce the incidence of infection, reduce the development of 
multiple organ failure, reduce mortality, and shorten the length of hospital stay in patients with severe acute 
pancreatitis (SAP). However, attention should be paid to prevent the occurrence of complications during the 
implementation of nutritional intervention.
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Introduction

Severe acute pancreatitis (SAP) is a dangerous systemic 
wasting disease involving a systemic inflammatory response 
due to unexplained disordered pancreatic digestive enzyme 
secretion, the body enters a state of hypermetabolism and 
high protein decomposition. The patient’s energy reserve 
is quickly consumed during the onset of SAP, resulting 
in multiple organ failure and endangering their life (1,2). 
According to statistics (3), about 30% of patients are in a 
malnourished state at the onset of SAP. Malnutrition in turn 
slows wound healing, reduces immunity, and increases the 
risk of infection, which further aggravates the condition (4).  
Therefore, nutritional support is very important in the 
treatment of SAP. Some researchers have asserted that 
total parenteral nutrition (TPN) given during treatment 
can improve the nutritional status of patients without 
stimulating pancreatic juice secretion and allowing the 
pancreas to rest fully (5). However, other studies (6) have 
pointed out that parenteral nutrition support may present 
the risk of infection, and the incidence of hyperglycemia 
and hyper electrolyte imbalance syndrome. Numerous 
studies (7-9) have shown that total enteral nutrition (TEN) 
has more advantages in reducing the infection rate, reducing 
mortality, and reducing the rate of surgical intervention. In 
order to compare the effects of TEN and TPN and provide 
evidential support, we gathered recent evidence-based 
medical studies for meta-analysis. We present the following 
article in accordance with the PRISMA reporting checklist 
(available at https://dx.doi.org/10.21037/apm-21-2469).

Methods

Search database and strategy 

We searched the databases of PubMed, Embase, Cochrane 
Library, and Ovid for randomized controlled trials (RCTs) 
published between January 2010 and August 2021 using 
the following keywords: acute pancreatitis, severe acute 
pancreatitis, pancreatitis, enteral nutrition, parenteral 
nutrition, EN, PN, TEN, and total parenteral.

Criteria for inclusion 

The literature inclusion criteria were as follows: (I) 
participants: the patients included in the study had SAP, 
with an APACHE II score of more than 6 points; (II) 
after emergency intervention in the intensive care unit, 
participants were clearly divided into TEN group and 

TPN group for nutritional intervention: TEN group could 
use nasogastric access (NG), or nasojejunal path (NJ), 
parenteral nutrition intervention involved regular injection 
of adequate nutrients via a central venous catheter; (III) 
the time of nutritional intervention was the same for both 
participant groups; (IV) the outcome measures included 
at least 1 of the infection rate, mortality, multiple organ 
failure rate, or length of hospital stay indicators. Infections 
included pancreatic infection and resulting pancreatic 
necrosis, sepsis, or systemic inflammatory response 
syndrome (SIRS). Multi-organ failure included respiratory 
failure, heart failure, and renal failure.

Criteria for exclusion 

The literature exclusion criteria were as follows: (I) 
comparison of enteral nutrition and parenteral nutrition 
effect of non-acute pancreatitis, such as early nutrition 
intervention after stroke, or nutrition intervention after 
gastric or pancreaticoduodenectomy; (II) the intervention 
means were EN and PN mixed type; (III) investigation, 
case analysis, review, guidelines, systematic review, and so 
on of non-RCT; (IV) articles with the same study content 
in different databases; (V) missing indicators, or data could 
not be transformed and used (e.g., the median was used to 
express the hospitalization indicators, rather than the mean 
and standard deviation).

Literature quality evaluation and bias analysis 

The Cochrane Handbook for Systematic Reviews (10) was 
used for literature quality evaluation and to assess the risk 
of bias of the included studies. The evaluation of “low risk”, 
“unclear”, and “high risk” was performed according to the 
random allocation method of the literature, whether the 
blind method was used, whether there was a hidden scheme, 
description of the phenomenon of loss to follow-up in the 
protocol, selective reporting bias, and other biases. If an 
article was evaluated as low risk in 6 aspects, it was judged as 
a level A study; if there was 1 or more “unclear” literatures, 
it was assessed as level B; if there was 1 or more “high risk” 
evaluation indicators, it was categorized as level C.

Literature screening 

Database retrieval, de-duplication, preliminary screening, 
and full-text screening of the studies was performed by two 
researchers. The finally included literatures were subjected 
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to the risk of bias assessment. A third researcher was 
invited to arbitrate if a conflict of opinion arose during this 
screening process.

Data extraction 

Next, two researchers independently read the full texts, and 
extracted the following data: year and month of publication, 
number and age of participants in each group, patient 
Apache II score, intervention time, length of hospital 
stay, number of infections, number of deaths, and number 
of multiple organ failures. If the data were shown as 
percentages, it was converted into actual number of cases; 
if the outcome measures were expressed as median (range), 
they were discarded and only data expressed as mean and 
standard deviation were used.

Statistical methods 

(I) The software RevMan 5.3.5 (Copenhagen: The Nordic 
Cochrane Center, The Cochrane Collaboration, 2014) was 
used for meta-analysis; (II) binary variables were statistically 
analyzed by Mantel-Haenszel statistical method, using 
odds ratio (OR) and 95% confidence interval (CI) reported 
statistics, with P<0.05 considered statistically significant; 
continuous variables were statistically analyzed by inverse 
variance, using mean and 95% CI reported statistics; every 
article reporting the variables was included in the data 
synthesis; (III) forest plot descriptive statistics were used 
for comparison; (IV) literature heterogeneity was analyzed 
by I2 analysis and Q test, I2>50% or P<0.1 indicated 
heterogeneity of the results, and the random effects model 
was used to obtain OR value, otherwise the fixed effects 
model was used to obtain OR value; (V) if heterogeneity 
between studies was indicated, a case-by-case exclusion 
method was used for sensitivity analysis; (VI) funnel plot 
was used to indicate publication bias.

Results

Literature screening results

In this study, 502 articles (PubMed, n=168; Embase, 
n=133; Cochrane, n=126; Ovid, n=75) were preliminarily 
searched and 14 was excluded after duplicating check. The 
titles and abstracts were read, 126 articles were excluded, 
and the remaining 362 articles were read in more detail. 
After screening according to the inclusion and exclusion 

criteria, 10 literatures were included in the final quantitative 
analysis, as shown in Figure 1. There were a total of  
699 patients in the study. Basic characteristics, intervention 
measures, and outcome measures of the included studies are 
shown in Table 1.

Literature quality and bias evaluation

In this analysis, the study by Doley et al. (12)  only used odd 
and even numbers to generate random sequence, which had 
greater risk of bias. The rest did not see high risk items. 
The detailed risk of bias is shown in Table 2.

Meta-analysis results

Comparison of the effect of TEN and TPN on the 
incidence of infection in patients with SAP
A total of 6 studies including 329 patients reported the 
infection rate indicators. The study by Doley et al. (12)  
had high risk of random sequence generation, which 
could have led to selection bias. The studies had statistical 
heterogeneity (I2=58%, P=0.04), thus the random effects 
model was used. The obtained statistic value was (OR 
=0.25, 95% CI: 0.10 to 0.62), the statistical effect value 
was Z=2.97, P=0.003, and the difference was statistically 
significant (P<0.05). Sensitivity analysis was performed by 
case-by-case exclusion method. After excluding the studies 
(12), there was no statistical heterogeneity between studies 
(I2=0%, P=0.88). The statistical effect size was (OR =0.16, 
95% CI: 0.09 to 0.29), the statistical value was Z=6.04, 
P<0.001, and the difference was statistically significant 
(P<0.05) (Figures 2,3).

Comparison of the effect of TEN and TPN on the 
incidence of multiple organ failure in patients with SAP
A total of 8 studies involving 654 patients reported 
the incidence rate indicators of multiple organ failure, 
among which statistical heterogeneity was detected 
(I2=52%, P=0.04), thus the random effects model was 
used. the obtained statistic value was (OR =0.50, 95% CI: 
0.24 to 1.08), the statistical effect value was Z=1.77, P=0.08, 
and the difference was not statistically significant (P>0.05) 
(Figure 4).

Comparison of the effect of TEN and TPN on 
mortality in patients with SAP
A total of 7 literatures involving 550 patients reported the 
mortality indicators, among which statistical homogeneity 
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Figure 1 Search and selection flow diagram.

was detected (I2=0%, P=0.46), thus the fixed effects model 
was used. The obtained statistic value was (OR =0.59, 95% 
CI: 0.37 to 0.94), the statistical effect value was Z=2.24, 
P=0.03, and the difference had statistical significance 
(P<0.05) (Figure 5). 

Comparison of the effect of TEN and TPN on the 
length of hospital stay in patients with SAP
A total of 3 studies reported the length of hospital stay 
indicators, and these studies showed statistical homogeneity 
(I2=0%, P=0.54). Using the fixed effects model, the obtained 
statistic value was [mean difference (MD) =−4.18, 95% CI: 
−5.07 to −3.30], and the statistical effect value was Z=9.28, 
P<0.001 (Figure 6).

Sensitivity analysis and publication bias analysis
The infection rate indicators were analyzed by piecemeal 
exclusion method, after exclude literature (12)，the left 

studies showed no statistical heterogeneity, and the result 
was stable with both fixed effects mode and random 
effects mode. As the mortality rates indicator synthesis 
included more studies than the others, and the studies 
had no heterogeneity, a funnel plot was used to represent 
the publication bias analysis. The two groups of funnels 
were evenly distributed on both sides, suggesting that the 
possibility of publication bias was low, as shown in Figure 7.

Discussion

Patients with SAP are in a state of high stress, high 
decomposition, and high metabolic inflammation, always 
accompanied by multiple organ failure and necrosis, 
with a high mortality rate. To date, statistics have shown 
that the mortality rate is between 30–40% (18). How to 
supplement body nutrition in time, reduce the risk of 
infection, and reduce mortality is a problem encountered 
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Table 1 Basic characteristics, intervention measures, and outcome measures of included studies

Author Grouping
Number of 
participants

Apache II 
score

Age (years)
Intervention 

time (d)
Hospital stay 

(d)
Number of 
Infections

Number 
of deaths

Number of cases 
with multiple 
organ failure

Wu et al. (11), 2010 TEN 53 16.0±4.4 54.0±11.2 – – 12 6 11

TPN 54 14.0±2.1 52.0±12.1 – – 39 23 44

Doley et al. (12), 2009 TEN 25 – 38.4±13.8 3.52±0.92 10.00±3.92 16 5 –

TPN 25 – 41.1±11.3 3.40±1.29 15.00±4.44 15 4 –

Stimac et al. (7), 2016 TEN 107 9.84±3.26 69 [28–88] 7 – – 10 21

TPN 107 9.74±4.06 72 [26–90] 7 – – 16 25

Petrov et al. (8), 2006 TEN 35 12 [10–14] 51 [42–67] 7 – 7 2 7

TPN 34 12.5 [11–16] 52 [41–70] 7 – 16 12 17

Gupta et al (9), 2003 TEN 8 8 [6–12] 65 [56–89] 7 7.00±2.11 – – –

TPN 9 10 [7–14] 57 [38–86] 7 10.00±3.42 – – –

Oláh et al. (13), 2002 TEN 41 – 43.8 3 – – 2 2

TPN 48 – 47.2 3 – – 4 5

Louie et al. (14), 2005 TEN 10 12.7±5.5 65.3±18.3 5 – 1 – –

TPN 18 11.8±8.3 60.8±17.0 5 – 4 – –

Abou-Assi et al. (15), 
2002

EN 26 – 48±3 6.7±1.1 14.2±1.9 1 8 7

PN 27 – 50±3 10.8±1.7 18.4±1.9 9 6 8

Eckerwall et al. (16), 
2006

TEN 24 10 [8–13] 71 [58–80] 10 – – 1 1

TPN 26 9 [8–10] 68 [60–80] 10 – – 0 1

Casas et al. (17), 
2007

TEN 11 – 61.2±16.6 – – 1 0 0

TPN 11 – 55.6±15.6 – – 5 2 2

– means not mentioned. TEN, total enteral nutrition; TPN, total parenteral nutrition; EN, enteral nutrition; PN, parenteral nutrition. 

Table 2 Risk of bias based on Cochrane systematic review criteria for randomized interventions

Study
Generation of 

random sequence
Classification 

hiding
Blind 

method
Inadequate outcome 

assessment
Optional 
reporting

Other Bias Grade

Wu et al. (11), 2010 Low Low Low Low Low Low Class A

Doley et al. (12), 2009 High Unclear Unclear Low Low Low Grade C

Stimac et al. (7), 2016 Low Low Low Unclear Low Low Class B

Petrov et al. (8), 2006 Unclear Low Low Low Unclear Low Class B

Gupta et al. (9), 2003 Low Low Low Low Low Low Class A

Oláh et al. (13), 2002 Low Unclear Low Low Unclear Low Class B

Louie et al. (14), 2005 Unclear Low Low Low Low Low Class B

Abou-Assi et al. (15), 2002 Low Low Low Low Low Low Class A

Eckerwall et al. (16), 2006 Unclear Low Low Low Low Low Class B

Casas et al. (17), 2007 Low Unclear Low Low Low Low Class B
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Figure 2 Comparison of the effect of TEN and TPN on the incidence of infection in patients with SAP. TEN, total enteral nutrition; TPN, 
total parenteral nutrition; CI, confidence interval; SAP, severe acute pancreatitis.

Figure 3 Sensitivity analysis: effect of TEN and TPN on the incidence of infection in patients with SAP. TEN, total enteral nutrition; 
TPN, total parenteral nutrition; CI, confidence interval; SAP, severe acute pancreatitis.

Figure 4 Comparison of the effect of TEN and TPN on the incidence of multiple organ failure in patients with SAP. TEN, total enteral 
nutrition; TPN, total parenteral nutrition; CI, confidence interval; SAP, severe acute pancreatitis.

in clinical practice. The results of this study showed that 
compared with TPN, TEN could significantly reduce 
the infection rate (OR =0.16, Z=6.04, P<0.001), reduce 
mortality (OR =0.59, Z=2.24, P=0.03), shorten hospital stay 
(MD =−4.18, Z=9.28, P<0.001), and reduce multiple organ 

failure (OR=0.50, Z=1.77, P=0.08), which was consistent 
with the meta-analysis results of Marik et al. (19) and Li  
et al. (20). In the previous studies, the literatures included 
in the synthesis were either too old or with low quality, but 
in our study, more number of patients involving (up to 10 
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literatures with 699 patients), and the literatures included 
were all with good quality [except literature (12) had risk of 
random sequence generation].

Study by Dutta et al. (21) has shown that intestinal 
bacterial translocation plays an important role in pancreatic 

infection in SAP. Complete EN can maintain the 
integrity of the intestinal barrier, prevent the invasion and 
proliferation of intestinal bacteria and toxins, and reduce 
the occurrence of pancreatic infection and sepsis. Study 
by Reintam Blaser et al. (22) has  shown that TEN can 
reduce the levels of serum inflammatory factors [C-reactive 
protein (CRP), interleukin-8 (IL-8), tumor necrosis 
factor-α (TNF-α)], reduce the progression of the disease 
to multiple organ failure, and therefore reduce mortality. 
In addition, several studies (8,9) have shown that the rate 
of hyperglycemia and water and electrolyte imbalance 
in patients receiving TPN than in those receiving TEN, 
which may aggravate the process of organ failure. In a study 
conducted by Shen et al. (23), AP patients with enteral 
nutrition had lower serum endotoxin level and intestinal 
permeability than those with parenteral nutrition after two 
weeks of intervention, which reduced the translocation of 
toxin and heterogeneous bacteria and prevent inflammatory 
cells from releasing continually and excessively.

In this study, the complications of the two intervention 
methods were not statistically analyzed, because the focus of 
complications reported in each literature was not consistent, 

Figure 5 Comparison of the effect of TEN and TPN on mortality in patients with SAP. TEN, total enteral nutrition; TPN, total parenteral 
nutrition; CI, confidence interval; SAP, severe acute pancreatitis.

Figure 6 Comparison of the effect of TEN and TPN on the length of hospital stay in patients with SAP. TEN, total enteral nutrition; 
TPN, total parenteral nutrition; CI, confidence interval; SAP, severe acute pancreatitis.

Figure 7 Funnel plot of the effect of TEN and TPN on mortality 
in patients with SAP. SE, standard error; OR, odds ratio; TEN, 
total enteral nutrition; TPN, total parenteral nutrition; SAP, severe 
acute pancreatitis. 
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for example, a study (8) reported urinary tract infection, 
pneumonia, central venous infection, pipeline displacement, 
diarrhea, abdominal distension, hyperglycemia, and other 
complications in the two participant groups, while another 
study (15) only reported hyperglycemia, central venous 
pipeline infection, and other complications, so the overall 
complications of the research could not be uniformly 
analyzed. However, from the research reports, the 
common complications in the TEN group were abdominal 
distension, diarrhea, and gastrointestinal displacement or 
prolapse, while the common complications of TPN group 
were central venous infection and puncture site hematoma, 
and hyperglycemia. In a meta-analysis performed by Petrov 
et al. (24), 6 trials in which a total of 264 non-diabetic 
patients with acute pancreatitis included were treated with 
TEN & TPN respectively, result showed that patients with 
TEN reduced the risk of hyperglycemia and gained better 
blood glucose control.

In this study, nasogastric tube was mostly used in the 
TEN group. In the study by Kumar et al. (25), nasogastric 
tube and nasojejunal route were compared, and it was found 
that both were safe and effective. It was recommended that 
nasojejunal route could be selected for nutritional support 
for patients after surgical intervention. Another study (26) 
showed that SAP patients with early enteral feeding (usually 
in 24h after admission) would reducing the rate of infection 
or death, which is another intervention demonstrated to 
be clinical benefit in the management of patients with 
pancreatitis 

Over the years there are many classifications and scores 
to diagnose and assess the severity of the SAP such as the 
APACHE Score, and the Ranson score, (27). Temporarily 
there are no directly pharmacotherapy for treating with 
SAP, strategies are targeted at preventing end-organ damage 
or reducing complications (28). The nutrition intervention 
stands important for the treating strategies. The parenteral 
nutrition doesn’t need to place a nasal feeding tube, which 
avoid the uncomfortableness and without the concern 
for vomiting or aspiration, also the formulations could be 
adjusted daily, it has advantages especially for patients can’t 
tolerate the enteral nutrition (29). But according to our 
study, it raised the infection rates and mortality, also, it’s not 
cost efficient.

In this study, for the heterogeneity of literatures in 
the comparison of infection incidence, the case-by-
case exclusion method was used for sensitivity analysis. 
After excluding certain studies (12), it was found that the 
remaining five studies had no statistical heterogeneity. The 

reason for the analysis may have been that the statistics 
of infection in the studies (12) included intrapancreatic 
infection and extrapancreatic infection (urinary tract 
infection, pulmonary infection), with mixed factors. 
The funnel plot showed that both sides were basically 
symmetrical, suggesting that the risk of publication bias was 
small. However, in this study, there were still some articles 
in which the blind method was not clear, the allocation 
concealment was unknown, and the random method 
produced method risks, which may have produced selection 
bias or implementation bias.

Conclusions 

In conclusion, TEN can reduce the incidence of infection 
in patients with SAP, reduce development of the disease 
towards multiple organ fai lure,  reduce mortality, 
shorten the length of hospital stay; but in the process of 
implementing nutritional intervention, attention should be 
paid to prevent the occurrence of complications. Due to 
the quality limitations of the articles included in this study, 
further in-depth exploration of topic is required including a 
larger number of RCTs.
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