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Background and Objectives: Several studies have shown that glutamine (GIn) may play an important role in en-
ergy metabolism, inflammatory reactions, and immune processes in patients with severe acute pancreatitis (SAP).
Nevertheless, the results of individual randomized controlled trials (RCTs) on Gln nutrition support for SAP are
contradictory. This systematic review and meta-analysis evaluated the clinical benefit of Gln-supported early en-
teral nutrition (G+EEN) in patients with SAP. Methods and Study Design: Cochrane Library, PubMed, Embase,
CNKI, Wan Fang, and Chinese Biomedical Literature Database were searched for relevant studies published be-
fore December 2018. RCTs of G+EEN versus standard early enteral nutrition (EEN) for SAP were selected, with
both started within 48 h of admission. Results: Seven clinical RCTs including a total of 433 patients (EEN group:
218 patients; G+EEN group: 215 patients) were included. Compared with EEN, G+EEN increased serum albumin
(standard mean difference [SMD]=0.74; 95% confidence interval [CI], 0.33—1.15; p<0.01), reduced serum hyper-
sensitive C-reactive protein (SMD=-1.62; 95% CI, —1.98 to —1.26; p<0.01) and risks of mortality risk (risk ra-
ti0=0.38; 95% CI, 0.16-0.90; p=0.03) and multiple organ dysfunction syndrome (MODS)(risk ratio=0.37; 95%
CL, 0.15-0.94; p<0.01), and shortened length of hospital stay (SMD=-1.19; 95% CI, —1.88 to 0.49; p<0.01);
moreover, it did not significantly increase the incidence of infection-related complications, operative interven-

tions, or APACHE II scores. Conclusions: G+EEN is beneficial in SAP management.
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INTRODUCTION

Severe acute pancreatitis (SAP) can be fatal (mortality
rate, 15%-40%); patients with SAP are likely to require
adequate nutritional support.!? SAP is associated with the
systemic inflammatory response syndrome (SIRS),? with
distinctive patterns of metabolism, such as increased ba-
sal metabolic rate, altered protein metabolism, and nega-
tive nitrogen balance.? In patients with acute pancreatitis
(AP), acute malnutrition is associated with immune dis-
orders, sepsis-related complications, and delayed surgical
wound healing. This acute malnutrition may lead to the
multiple organ dysfunction syndrome (MODS) or multi-
ple organ failure (MOF), further increasing morbidity and
mortality.* In SAP, the stressed state impairs immune
function, which facilitates the entry of intestinal bacteria
and endotoxins into the circulation; this contributes to
MODS development, so worsening patient status with
attendant complications.’

Nutritional support is considered key in the manage-
ment of the hypercatabolism secondary to pancreatic in-
flammation and other complications. Supplementary en-
ergy provision in SAP may improve patient survival. Par-
enteral nutrition (PN), preferred in the past, is associated

with a higher incidence of complications.® Enteral nutri-
tion (EN) can significantly reduce the incidence of infec-
tious complications, mortality, MODS, and surgical inter-
vention rates in SAP when compared with PN.%® In addi-
tion, blood glucose can be better controlled with EN.°
SAP prognosis can be further improved through early EN
(EEN).!® Current consensus and guidelines'! for nutrition
therapy in pancreatitis recommend EEN support as the
preferred treatment method for patients with SAP.'? Our
previous work has demonstrated that patients with SAP
receiving EEN within 48 h of admission have a decreased
incidence of MOF, surgical interventions, systemic infec-
tions, and local sepsis complications.!* It remains to de-
termine whether advanced EEN is more beneficial than
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standard EEN.

Of the candidate substances that provide enteral nutri-
ents, glutamine (Gln) is involved in various metabolic and
immune functions. It is a conditionally essential amino
acid richly available in the human body. Furthermore, it is
widely found in rapidly proliferating cells, such as the
mucosal epithelial cells of the small intestine and lym-
phocytes, which is the preferred energy source for cell
proliferation and differentiation.'*!> GIn can effectively
stimulate the proliferation of the ileum and colon mucosal
cells, promote mucin biosynthesis and nitrogen balance,
maintain intestinal mucosal integrity, and prevent bacteri-
al ectopic or intestinal toxins from entering the blood-
stream.'® Catabolic stress states, such as severe trauma,
burns, and major surgery,'”!'® considerably increase the
need for GIn. AP is associated with Gln deficiency,'® im-
mune disorders, intestinal barrier failure, intestinal per-
meability, and bacterial displacement - all of which may
exacerbate SIRS and MODS development.2*?!

Gln can not only provide nutritional support for the pa-

tients but also improve the function of the immune system.

However, whether the combination of Gln and EEN can
complement each other and improve the effectiveness of
the treatment remains unknown. Although EN is the rec-
ommended pillar for nutritional management in patients
with AP, the absence of any significant differences in the
effects of between Gln-supported EEN (G+EEN) and
standard EEN in previously conducted meta-analyses®>23
may be due to the inclusion of a limited number of sam-
ples. The purpose of this study was to systematically re-
view, evaluate, and statistically summarize the clinically
meaningful results of all relevant Randomized controlled
trials (RCTs) on the treatment with G+EEN.

METHODS

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.?*

Search strategy

The search terms “severe acute pancreatitis,” “SAP”
AND “glutamine,” “GIn” AND “enteral nutrition,” “early
enteral nutrition,” “enteral feeding” OR “EN” were used.
Two authors independently searched the Cochrane Li-
brary, PubMed, Embase, CNKI, Wan Fang, and Chinese
Biomedical Literature Database for relevant studies pub-
lished before December 2018. No language restriction
was applied, and the search was limited to human studies.

Study selection criteria

Inclusion criteria were as follows:

1. Study type was RCT.

2. Target patients were diagnosed as having SAP and
were aged >18 years.

3. G+EEN was controlled using standard EEN (both
starting within 48 h after admission), and the G+tEEN
group received supplementation with Gln and/or in
combination with other nutrients (oral or intravenous
route).

Exclusion criteria were as follows:

1. Study type was not RCT.

2. Patient age was <18 years.

3. The timing of EEN was not defined or EEN was not
initiated within 48 h of admission.
4. Detailed information was not provided, when required.

Types of outcome measures

The clinical outcomes of this study were as follows: se-
rum albumin (Alb); serum high-sensitivity C-reactive
protein (hs-CRP); infection complications; mortality;
length of stay in days; operative intervention; MODS; and
APACHE 1II scores.

Data acquisition and quality assessment

Data acquisition

Two independent reviewers used a standard form for data
abstraction. The extracted data were crosschecked by the
reviewers. The basic information included the first author;
publication year; country of origin; SAP diagnostic crite-
ria; patient age, gender, and demographics; number of
patients in the G+EEN and EEN groups; Gln administra-
tion route; composition of Gln preparation; duration of
intervention; and amount of Gln supplied.

Quality assessment

The methodological quality of the included studies was
assessed according to the methodological criteria of
Cochrane Collaboration. The risk of bias was assessed in
seven domains: generation of allocation sequences, allo-
cation concealment, blinding of participants and study
personnel, blinding of outcome assessors, management of
incomplete outcome data, selective outcome reporting,
and other potential sources of bias.?

Statistical analysis

Meta-analysis was performed using Cochrane Collabora-
tion RevMan 5.2. Infection complications, MODS, mor-
tality, and operative intervention were statistically ana-
lyzed by measuring the risk ratio (RR) and 95% confi-
dence interval (CI). Alb, hs-CRP, length of stay (in days),
and APACHE II scores were statistically analyzed using
standardized mean difference (SMD) or mean difference
with the 95% CI. A p of <0.05 was considered statistical-
ly significant. The I? test was used to analyze the hetero-
geneity among the included studies; 1><50% indicated
significant heterogeneity, and the fixed-effect model was
used to make estimates, whereas 1>>50% indicated a clear
heterogeneity between the selected studies, and a random-
effect model as applied to the statistical analysis, and the
heterogeneity source should be analyzed. A funnel plot
was used to uncover potential publication bias.

RESULTS

Search results

The study selection process is summarized in Figure 1. A
total of 460 articles were screened. Finally, 7 RCTs?6-3
comprising 324 patients (EEN group, 159 patients;
G+EEN group, 165 patients) were included in this meta-
analysis. The basic data of the articles are presented in
Tables 1 and 2.

Study characteristics
Of the seven RCTs included in this study, four provided
complete data on the generation of allocation sequences
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Figure 1. PRISMA flow diagram showing the selection process for the inclusion of studies

and one provided sufficient information regarding the use
of the blinding method. Allocation concealment was ade-
quate in all studies. Figure 2 and 3 summarize the risks of
bias assessment, most of which are of moderate quality.
Six studies?®! used Gln as the sole nutrient, whereas only
one study used Gln with another nutrient (i.e., arginine).
GIn doses ranged from 0.1 to 0.5 g/kg/day (Table 1). Ac-
cording to this study plan, the duration of Gln supplemen-
tation ranged from 1 to 2 weeks.

Impact on serum Alb
Alb data were collected in 5 studies comprising 260
patients (130 patients each in the G+EEN and EEN

26-30

groups). A fixed-effects model was used because the re-
sults were homogenous (1>=57%). The meta-analysis re-
sults demonstrated serum Alb were significantly higher in
the G+EEN group than in the EEN group (SMD=0.74;
95% CI, 0.33 to 1.15; p<0.01; Figure 4A).

Impact on serum hs-CRP

The impact of serum on hs-CRP was reported in 2 stud-
ies?>* comprising 162 patients. The I? for heterogeneity
was 0%. The meta-analysis results demonstrated that se-
rum hs-CRP were significantly lower in the G+EEN
group than in the EEN group, (SMD=-1.62; 95% CI,
—1.98 to —1.26; p<0.01; Figure 4B).

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection hias)
Incomplete outcome data (atirition bias)

Selective reporting (reporting hias)

Other hias
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Figure 2. Risk of bias graph: review authors’ judgments about each risk of bias item for all the included studies
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Table 1. The characteristics of participating restaurants (n=324)

Study Country Year Total of patients Patients (G+EEN/EEN) Mean age (G+EEN/EEN) Male/ female Severity criteria used
Hallay et al* Hungary 2001 19 11/8 NR NR Ranson

Wu et al? China 2011 30 15/15 NR NR 1

Hadju et al *' Hungary 2012 45 24/21 59.5/51.8 42/3 Glasgow

Zhou et al?’ China 2013 40 20/20 NR 39/21 1

Yang et al?® China 2013 28 14/14 42.82/42.35 14/14 1

Cui et al® China 2018 94 47/47 52.7/53.5 66/28 1

Hu et al*® China 2018 68 34/34 51.6/51.8 27/41 CT; APACHE II
Study Route of nutrition Intervention Feeding start Duration of intervention Glutamine dosage
Hallay et al® Nasojejunal Glutamine; arginine <24 h of admission 5d NR

Wu et al* Nasojejunal Glutamine <72h of admission 14d 0.1-0.3 g/kg/day
Hadju et al *' Nasojejunal Glutamine <24 h of admission 7d 0.5 g/lkg/day

Zhou et al?’ Nasojejunal Glutamine <24-48h of admission 10d 0.27 g/kg/day

Yang et al?® Nasojejunal Glutamine <72h of admission 14d 0.2 g/lkg/day

Cui et al® Nasojejunal Glutamine <24h of admission 7d 0.4 g/kg/day

Hu et al*® Nasojejunal Glutamine <24-48h of admission 14d 1.2-1.8 g/day

1: Guidelines for the diagnosis and treatment of acute pancreatitis in China.

Table 2. Summary of clinical outcomes of included studies

Study Number of patients ALB CRP Infectious complications  Mortality ~ The surgical rate  MODS Length of stay days
Hallay et al 11/8 Not stated Not stated 2/3 3/2 Not stated Not stated Not stated

Wu et al 15/15 40.0+2.71/38.5+2.51 Not stated 2/2 Not stated  Not stated 172 33.545.6/35.0+4.8
Hadju et al 24/21 Not stated Not stated 10/9 0/3 0/3 0/3 10.6+3.5/15.943.6
Zhou et al 20/20 37.243.6/35.443.5 Not stated 8/9 1/1 1/2 1/3 13.1£1.9/17.442.1
Yang et al 14/14 35.7£1.98/35.4+£2.03 Not stated 1/2 1/2 Not stated 2/4 55.79+5.72/58.29+8.97
Cui et al 47/47 29.4+3.47/25.4+2 .81 0.64+0.52/2.13+1.22  Not stated Not stated  Not stated Not stated Not stated
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Figure 3. Risk of bias summary: review authors’ judgments about each risk of bias item for each included study

Impact on length of hospital stay

The impact on the length of hospital stay was evaluated in
5 studies?6-28303! comprising 211 patients. The results
were homogenous (I>=80%); thus, a random-effects mod-
el was used. After aggregating the data, G+tEEN dis-
played advantages over EEN in reducing the days of hos-
pitalization (SMD=-1.19; 95% CI, —1.88 to 0.49; p<0.01;
Figure 4C).

Impact on APACHE 11 scores

The impact on APACHE 1I scores was assessed in 3 stud-
ies.262830 Significant heterogeneity was detected (1>=84%;
p<0.05); therefore, a random-effects model was used.
When the APACHE II score data were aggregated, no
statistically significant change after the use of the GIn
support was noted (SMD=—0.56; 95% CI, —1.50 to 0.38;
p=0.24; Figure 4D).

Impact on infectious complications

Six studies?6283932 reported the impact on infectious
complications in a total of 230 patients. No significant
heterogeneity was observed between the trials (1>=0%).
Furthermore, a lower tendency for decreased infectious
complications was observed in the G+EEN group com-
pared with the EEN group, but the difference was nonsig-
nificant (RR=0.67; 95% CI, 0.43-1.02; p=0.06; Figure
5A).

Impact on mortality

Mortality was reported in 5 studies comprising
193 patients (I>=0). A significant reduction in mortality
was observed in the G+EEN group compared to the EEN
group (RR=0.38; 95% CI, 0.16-0.90; p=0.03; Figure 5B).

27,28,30-32

Impact on operative intervention

Information on the impact on operative intervention was
collected in 2 studies*’*? comprising 85 patients. The I?
for heterogeneity was 0%. No significant difference in
operative intervention benefit was evident after GIn use
(RR=0.26; 95% CI, 0.04-1.46; p=0.13; Figure 5C).

Impact on MODS

Five studies?¢283%32 comprising 211 patients (107 in the
G+EEN group and 104 in the EEN group) reported the
impact on MODS. No significant heterogeneity was ob-
served between the studies (I>=0%). In this outcome,
G+EEN displayed an advantage over EEN in reducing
MODS risk (RR=0.37; 95% CI, 0.15-1.13; p=0.04; Fig-
ure 5D).

DISCUSSION

It is demonstrated that, compared with EEN, G+EEN
could effectively increase serum Alb, reduce serum hs-
CRP and mortality and MODS risks, and shorten the
length of hospital stay in patients with SAP.

The motility and the mucosal barrier of the intestines
are involved in SAP. Intestinal motility dysfunction may
be caused by intestinal motility disorder and ischemia,
whereas intestinal mucosal barrier dysfunction is caused
by an imbalance in the intestinal flora, excessive cytokine
secretion, and excessive apoptosis of the intestinal muco-
sal epithelial cells.’3 Bacterial translocation and pathogen
overgrowth can be detected during the early stages of
AP .34 Early bacterial invasion may exacerbate SIRS, mak-
ing patients more susceptible to MODS. In the early stag-
es of SAP, patients undergo catabolic stress due to the
occurrence of SIRS followed by MODS, thereby resulting
in a significant increase in the demand for nutrition.33-3¢

Long-term PN can cause many side effects, such as
damage to the intestinal mucosa leading to cell atrophy,
increase in mucosal permeability, decrease in intestinal
function, and disorder of the intestinal flora, resulting in
bacterial and/or endotoxin translocation and SIRS aggra-
vation; this leads to MODS occurrence. EN prevents
atrophic changes in the intestinal mucosa because the
absorption of nutrients in the intestinal epithelial cells
comes directly from the intestinal lumen. Moreover, be-
cause of high nutrient permeability, EN promotes intesti-
nal peristalsis and restores intestinal function.’” These
pathophysiological mechanisms can prevent abnormal
overgrowth of the intestinal flora and increase intestinal
mucosal permeability, thereby reducing or preventing
bacterial translocation and maintaining the function of the
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(A) G+EEN EEN Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cuietal 2018 29.36 3.47 47 2536 2.81 47  25.0% 1.26 [0.81,1.70) -
Huetal 2018 354 42 34 31.27 39 34 229% 1.01 [0.50, 1.51) ——
Wu etal 2011 4001 27 15 385 351 15 16.6% 0.47 [-0.26,1.20) T
Yangetal 2013 3571 1.98 14 3543 2.03 14 16.3% 014 [-0.61,0.88) -
Zhou etal 2013 372 36 20 354 35 20 19.2% 050[0.13,1.13) T
Total (95% ClI) 130 130 100.0% 0.74[0.33, 1.15] >
Heterogeneity: Tau®= 0.12; Chi*= 9.40, df = 4 (P = 0.05); F= 57% Y45 1 3

Test for overall effect: Z= 3.57 (P = 0.0004)

(B)

G+EEN EEN

Favours [G+EEN] Favours [EEN]

Std. Mean Difference Std. Mean Difference

Study or Subgroup _ Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI
Cuietal 2018 0.64 052 47 213 1.22 47 59.0% -1.58 [-2.04,-1.11)

Huetal 2018 0.85 056 34 198 075 34 41.0% -1.69[-2.25,-1.13] ——

Total (95% CI) 81 81 100.0% -1.62[-1.98, -1.26] R4

Heterogeneity: Chi*= 0.09, df= 1 (P = 0.76); = 0% T 3

Test for overall effect: Z= 8.90 (P < 0.00001)

(€)

Favours [G+EEN] Favours [EEN]

G+EEN EEN Std. Mean Difference Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hajdu et al 2012 106 35 24 159 36 21 20.4% -1.47 [2.13,-0.80] —
Huetal 2018 31.28 7.85 34 47.02 1013 34 21.5% -1.72[-2.28,-1.16) —
Wu etal 2011 335 586 15 35 48 15 19.7% -0.28 [-1.00, 0.44] e
Yangetal 2013 55.79 5.72 14 5829 897 14 19.4% -0.32[-1.07,0.42] ——
Zhou etal 2013 131 19 20 174 21 20 19.0% -2.10[-2.89,-1.32) —
Total (95% CI) 107 104 100.0%  -1.19[-1.88, -0.49] -
Heterogeneity: Tau®= 0.51; Chi* = 20.50, df = 4 (P = 0.0004); F= 80% 1 3

Test for overall effect: Z= 3.33 (P = 0.0009)

(D) G+EEN EEN
Study or Subgroup  Mean SD Total Mean

SD Total Weight

Favours [G+EEN] Favours [EEN]

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

Huetal 2018 532 1.78 34 803 21 34 355% -1.38 [-1.91,-0.84] ——
Wu etal 2011 567 1.6 15 6.27 1.39 15 32.4% -0.38[-1.11,0.33]
Yangetal 2013 593 092 14 579 069 14 321% 0.17 [-0.58, 0.91]
Total (95% Cl) 63 63 100.0% -0.56 [-1.50, 0.38]

Heterogeneity: Tau®= 0.58; Chi*=12.14, df= 2 (P = 0.002); IF= 84%

Test for overall effect: Z=1.17 (P=0.24)
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Figure 4. Effect of Gln supplementation on (A) serum Alb, (B) serum hs-CRP, (C) length of hospital stay, and (D) APACHE II scores.

intestinal mucosal barrier. Therefore, it is reasonable to
start EN as early as possible. EN can significantly reduce
the complications of infection”**3° and has been identi-
fied as a key component in SAP management.*’ The me-
ta-analysis by Petrov et al*! comprising 11 RCTs on AP,
demonstrated a significant reduction in the risks of MOF,
complications of pancreatic infection, and mortality in
patients with EN (started within 48 h of admission).

Gln is the most abundant amino acid in plasma, muscle,
and cells, and it plays an important and unique role in
organs and tissues.*” In SAP, the persistent decrease in
plasma Gln is due to the significant increase in its utiliza-
tion by intestinal mucosal epithelial cells and immune
cells. In addition, the production of endogenous Gln is
relatively insufficient, resulting in a sharp decrease in its
concentration in the blood. Gln may be considered as a
critical “essential” amino acid for patients with SAP, who
remain in a state of stress.*’

In a previous meta-analysis, EN supplementation with
Gln, arginine, and omega-3 fatty acids failed to show any
clinically beneficial effects compared to standard EN in
patients with AP, probably due to the limited number of

studies included in the analysis (three RCTs).??> Another
meta-analysis showed a significant reduction in mortality
and infectious complication rates in AP patients receiving
Gln supplementation, but no significant effect on hospital
stay was reported; however, the total sample size in that
analysis was also relatively small (n=185).%® Here we
discuss the alternatives and clinical decision-making in
the circumstances, with the aid of a logistic diagram (Fig-
ure 6), weighing up the benefits, risks and costs. In the
current study, Glu was mostly administered orally, but
rarely intravenously, in both groups. Previous reviews
indicate that EN supplemented by intravenous Gln reduc-
es the rate of complications and shortens the length of
hospital stay.’” Thus, intravenous GIn support and early
enteral feeding may prove more beneficial for the patients.
Our study demonstrated that the EN in all the included
RCTs included GIn alone; only one RCT combined Gln
with arginine. Enteral nutrients supplemented by nutrition
formulas include Gln, arginine, nucleotides, omega-3
fatty acids, probiotics, which may be a better choice. The
cost of hospitalization should be considered to determine
a more reasonable nutritional formula to improve SAP.
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(A ) G+EEN EEN Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hajdu etal 2012 10 24 9 21 26.6% 0.97 [0.49,1.93) —
Hallay et al 2001 2 11 3 8 9.6% 0.48[0.10, 2.26) I
Huetal 2018 2 34 ] 34 249% 0.22[0.05,0.95) —

Wu et al 2011 2 15 2 15 55% 1.00[0.16, 6.20] —
Yangetal 2013 1 14 3 14  8.3% 0.33[0.04,2.83) I
Zhou etal 2013 8 20 ] 20 24.9% 0.89[0.43,1.83) .

Total (95% CI) 118 112 100.0%  0.67 [0.43, 1.02] L 4

Total events 25 35

Heterogeneity: Chi*= 4.73, df= 5 (P = 0.45); F= 0% 6'005 0=1 3 1=0 206

Test for overall effect: Z=1.86 (P = 0.06)

(B)

Favours [experimental] Favours [control)

G+EEN EEN Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hajdu et al 2012 0 24 3 14 27.9% 0.09[0.00,155 — =
Hallay et al 2001 3 1 2 8 148% 1.09 [0.23, 5.09] D
Huetal 2018 1 34 6 34 38.2% 0.17[0.02,1.31) — &
Yangetal 2013 1 14 2 14 12.7% 0.50 [0.05, 4.90] - =
Zhou etal 2013 1 20 1 20 6.4% 1.00([0.07,14.90]
Total (95% Cl) 103 90 100.0%  0.38[0.16, 0.90] -
Total events 6 14
Heterogeneity: Chi*= 4.00, df= 4 (P =0.41); F=0% + + t +
0.005 041 10 200
Test for overall effect Z=2.19 (P = 0.03) Favours [G+EEN] Favours [EEN]
( C ) G+EEN EEN Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M_-H, Fixed, 95% CI
Hajdu et al 2012 0 24 3 21 B65.1% 0.13[0.01, 2.30] I
Zhou etal 2013 1 20 2 20 349% 0.50 [0.05, 5.08] — &
Total (95% Cl) 44 41 100.0% 0.26 [0.04, 1.46] ”
Total events 1 5
e (hiZ = - = R= t t t +
Heterogeneity: Chi*= 0.55, df=1 (P = 0.46); F= 0% 0005 01 ] 10 200

Test for overall effect: Z=1.53 (P=0.13)

Favours [experimental] Favours [control)

( D ) G+EEN EEN Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Hajdd etal 2012 0 24 3 21 253% 0.13[0.01, 2.30] —_—

Huetal 2018 1 34 2 34 136% 0.50 [0.05, 5.26] —

Wu etal 2011 1 15 2 15 136%  0.50([0.05, 4.94) A B

Yangetal 2013 2 14 4 14 27.2% 0.50[0.11, 2.30] —

Zhou etal 2013 1 20 e | 20 20.4% 0.33[0.04, 2.94] - =1

Total (95% CI) 107 104 100.0% 0.37 [0.15, 0.94] ‘

Total events 5 14

Heterogeneity: Chi*= 0.81, df= 4 (P = 0.94); F= 0% ngoos 0=1 3 140 230

Test for overall effect: Z=2.09 (P = 0.04)
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Figure 6. Study summary

This meta-analysis has some limitations. First, only
seven clinical RCTs were selected, some of which were
single-centered studies with a small sample size. Howev-
er, the sample size and number of studies included in this
analysis were greater than those included in previous me-

ta-analyses. Second, the methodological quality of the
RCTs was moderate. Randomized methods were unclear,
and the allocation schemes were not perfect in all the in-
cluded studies. Finally, the SAP diagnostic criteria, the
severity of the patient condition, and the outcome index
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were not the identical among the studies. The dose, tim-
ing, and duration of Gln support and feed composition of
standard EN were not consistent in all the RCTs. This
could have confounding effects on the outcomes, but the
effect is likely to be nondifferential.

Conclusions

Although the evidence was not completely convincing,
this meta-analysis demonstrated that G+FEEN was superi-
or to standard EEN in terms of the serum Alb, serum hs-
CRP, mortality, MODS, and length of hospital stay in
patients with SAP. Additional high-quality, large-scale
RCTs involving multicentered collaborative research and
a contemporary design are warranted.

AUTHOR DISCLOSURES

The authors declare that they have no conflict of interest. This
study was funded in full by grants from the National Natural
Science Foundation of China (grant number: 81673801,
81473512).

REFERENCES

1. Forsmark CE, Baillie J. AGA Institute technical review on
acute pancreatitis. Gastroenterology. 2007;132:2022-44. doi:
10.1053/j.gastro.2007.03.065.

2. Bengmark S. Bio-ecological control of acute pancreatitis:
the role of enteral nutrition, pro and synbiotics. Curr Opin
Clin Nutr Metab Care. 2005;8:557-61. doi: 10.1097/01.mco.
0000170758.78737.90.

3. Mcnamara D. Pancreatic diseases. Aliment Pharmacol Ther.
2003;18:60-65. doi: 10.1046/.0953-0673.2003.01731 .x.

4. McClave SA. Nutrition support in acute pancreatitis.
Gastroenterol Clin North Am. 2007;36:65-74. doi: 10.1002/
rcr2.45.

5. Suzuki T, Tsushima K, Sakairi Y, Yoshida S, Yoshino I,
Tatsumi K. Severe tracheobronchial stenosis and
bronchiectasis complicating ulcerative colitis. Respirol Case
Rep. 2014;2:48-50. doi: 10.1002/rcr2.45.

6. YiF, Ge L, Zhao J, Lei Y, Zhou F, Chen Z, Zhu Y, Xia B.
Meta-analysis: total parenteral nutrition versus total enteral
nutrition in predicted severe acute pancreatitis. Intern Med.
2012;51:523-30. doi: 10.2169/internalmedicine.51.6685.

7. Petrov MS, van Santvoort HC, Besselink MG, van der
Heijden GJ, Windsor JA, Gooszen HG. Enteral nutrition
and the risk of mortality and infectious complications in
patients with severe acute pancreatitis: a meta-analysis of
randomized trials. Arch Surg. 2008;143:1111-7. doi: 10.
1001/archsurg.143.11.1111.

8. Davies AR, Morrison SS, Ridley EJ, Bailey M, Banks MD,
Cooper DJ et al. Nutritional therapy in patients with acute
pancreatitis requiring critical care unit management: a
prospective observational study in Australia and New
Zealand. Crit Care Med. 2011;39:462-8. doi: 10.1097/CCM.
0b013e318205df6d.

9. Petrov MS, Zagainov VE. Influence of enteral versus
parenteral nutrition on blood glucose control in acute
pancreatitis: a systematic review. Clin Nutr. 2007;26:514-23.
doi: 10.1016/j.c1nu.2007.04.009.

10. Ong JP, Fock KM. Nutritional support in acute pancreatitis.
J Dig Dis. 2012;13:445-52. doi: 10.1111/j.1751-2980.2012.
00611.x.

11. Mirtallo JM, Forbes A, McClave SA, Jensen GL, Waitzberg
DL, Davies AR. International consensus guidelines for
nutrition therapy in pancreatitis. JPEN J Parenter Enteral
Nutr. 2012;36:284-91. doi: 10.1177/0148607112440823.

12. Al-Omran M, Albalawi ZH, Tashkandi MF, Al-Ansary LA.
Enteral versus parenteral nutrition for acute pancreatitis.
Cochrane Database Syst Rev. 2010;2010:CD002837. doi: 10.
1002/14651858.CD002837.pub2.

13. Song J, Zhong Y, Lu X, Kang X, Wang Y, Guo W et al.
Enteral nutrition provided within 48 hours after admission in
severe acute pancreatitis: A systematic review and meta-
analysis. Medicine (Baltimore). 2018;97:¢11871. doi: 10.
1097/md.0000000000011871.

14. Calder PC. Immunonutrition in surgical and critically ill
patients. Br J Nutr. 2007;98(Suppl 1):S133-9. doi: 10.1017/
s0007114 507832909.

15. Hardy G, Bevan SJ, McElroy B, Palmer TE, Griffiths RD,
Braidwood C. Stability of glutamine in parenteral feeding
solutions. Lancet. 1993;342:186. doi: 10.1016/0140-6736(93)
91400-G.

16. Son T, Kwon IG, Hyung WJ. Minimally invasive surgery
for gastric cancer treatment: current status and future
perspectives. Gut Liver. 2014;8:229-36. doi: 10.5009/gnl.
2014.8.3.229.

17. Conejero R, Bonet A, Grau T, Hardy G, Windsor JA, Petrov
MS et al. Effect of a glutamine-enriched enteral diet on
intestinal permeability and infectious morbidity at 28 days in
critically ill patients with systemic inflammatory response
syndrome: a randomized, single-blind, prospective,
multicenter study. Nutrition. 2002;18:716-21. doi: 10.1016/
S0899-9007(02)00847-X.

18. Houdijk AP, Rijnsburger ER, Jansen J, Wesdorp RI, Weiss
JK, McCamish MA et al. Randomised trial of glutamine-
enriched enteral nutrition on infectious morbidity in patients
with multiple trauma. Lancet. 1998;352:772-6. doi: 10.1016/
s0140-6736(98)02007-8.

19. Sandstrom P, Trulsson L, Gasslander T, Sundqvist T, von
Dobeln U, Svanvik J. Serum amino acid profile in patients
with acute pancreatitis. Amino Acids. 2008;35:225-31. doi:
10.1007/s00726-007-0557-5.

20. Petrov MS. Moving beyond the 'pancreatic rest' in severe
and critical acute pancreatitis. Crit Care. 2013;17:161. doi:
10.1186/cc12770.

21. Petrov MS, Windsor JA. Nutritional management of acute
pancreatitis: the concept of ‘gut rousing’. Curr Opin Clin
Nutr Metab Care. 2013;16:557-63. doi: 10.1097/MCO.
0b013e3283638edl.

22. Petrov MS, Atduev VA, Zagainov VE. Advanced enteral
therapy in acute pancreatitis: is there a room for
immunonutrition? A meta-analysis. Int J Surg. 2008;6:119-
24. doi: 10.1016/j.ijsu.2008.01.003.

23. Asrani V, Chang WK, Dong Z, Hardy GH, Windsor JA,
Petrov MS. Glutamine supplementation in acute pancreatitis:
a meta-analysis of randomized controlled trials.
Pancreatology. 2013;13:468-74. doi: 10.1016/j.pan.2013.07.
282.

24. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A,
Petticrew M et al. Preferred reporting items for systematic
review and meta-analysis protocols (PRISMA-P) 2015:
elaboration and explanation. BMJ. 2015;349:g7647. doi: 10.
1136/bmj.g7647.

25. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D,
Oxman AD et al. The Cochrane Collaboration’s tool for
assessing risk of bias in randomised trials. BMJ. 2011;
343:d5928. doi: 10.1136/bmj.d5928.

26. Wu D, Dai HY, Wang XY. Comparison of different early
nutritional support therapies for severe acute pancreatitis.
Chongqing Medicine. 2011; 40:1834-6. doi: 10.3969/j.issn.
1671-8348.2011.18.029. (In Chinese)

27.Zhou RX. Effect of glutamine-fortified early intensive
enteral nutrition in patients with severe acute pancreatitis.



Glutamine supported early enteral therapy for SAP

261

28.

29.

30.

31.

32.

33.

34.

Herald of Medicine. 2013;32:885-9. doi: 10.3870/yydb.
2013.07.015.

Yang TY, Zhang XY, Jiang MX. Clinical studies of early
enteral immunonutrition in patients with severe acute

pancreatitis. Clinical Medicine of China. 2013;29:922-5. doi:

10.3760/cma.j.issn.1008-6315.2013.09.010. (In Chinese)
Cui HT, Zhao HM. Effect of glutamine combined with early
enteral nutrition on bacterial translocation and inflammatory
response in patients with severe acute pancreatitis. Modern
Journal of Integrated Traditional Chinese and Western
Medicine. 2018:27:1334-7. doi: 10.3969/j.issn.1008-8849.
2018.12.023. (In Chinese)

Hu J. Prognostic impact of glutamine enteral nutrition for
acute pancreatitis in ICU. Contemporary Medicine. 2018;
24:494, 8-11. doi: 10.3969/j.issn.1009-4393.2018.15.001.
(In Chinese)

Hajdu N, Belagyi T, Issekutz A, Bartek P, Gartner B, Olah
A. Intravenous glutamine and early nasojejunal nutrition in
severe acute pancreatitis--a prospective randomized clinical
study. Magy Seb. 2012;65:44-51. doi: 10.1556/ MaSeb.65.
2012.2.2. (In Hungarian)

Hallay J, Kovacs G, Kiss Sz S, Farkas M, Lakos G, Sipka S,
Bodolay E, Sapy P. Changes in the nutritional state and
immune-serological ~parameters of esophagectomized
patients fed jejunaly with glutamine-poor and glutamine-rich
nutriments. Hepatogastroenterology. 2002;49:1555-9. doi:
10.1042/0264-6021:3510019

Wang XP. The possibility and theoretical basis of early
enteral nutrition in patients with severe acute pancreatitis.
Chinese Journal of Pancreatology. 2002;2:171-3. doi: 10.
3760/cma.j.issn.1674-1935.2002.03.014. (In Chinese)
Besselink MG, van Santvoort HC, Buskens E, Boermeester
MA, van Goor H, Timmerman HM et al. Probiotic
prophylaxis in predicted severe acute pancreatitis: a

35.

36.

37.

38.

39.

40.

41.

42.

43.

randomised, double-blind, placebo-controlled trial. Lancet.
2008;371:651-9. doi: 10.1016/s0140-6736(08)60207-x.
Tenner S, Sica G, Hughes M, Noordhoek E, Feng S, Zinner
M, et al. Relationship of necrosis to organ failure in severe
acute pancreatitis. Gastroenterology. 1997;113:899-903. doi:
10.1016/s0016-5085(97)70185-9.

Norman J. The role of cytokines in the pathogenesis of acute
pancreatitis. Am J Surg. 1998;175:76-83. doi: 10.1016/
$0002-9610(97)00240-7.

Olah A, Romics L Jr. Enteral nutrition in acute pancreatitis:
A review of the current evidence. World J Gastroenterol.
2014;20:16123-31. doi: 10.3748/wjg.v20.143.16123.

CaoY, Xu Y, Lu T, Mo Z. Meta-analysis of enteral nutrition
versus total parenteral nutrition in patients with severe acute
pancreatitis. Ann Nutr Metab. 2008;53:268-75. doi: 10.
1159/000189382.

Marik PE, Zaloga GP. Meta-analysis of parenteral nutrition
versus enteral nutrition in patients with acute pancreatitis.
BMJ. 2004;328:1407. doi: 10.1136/bmj.38118.593900.55.
Banks PA, Freeman ML. Practice guidelines in acute
pancreatitis. Am J Gastroenterol. 2006;101:2379-400. doi:
10.1111/5.1572-0241.2006.00856.x.

Petrov MS, Pylypchuk RD, Uchugina AF. A systematic
review on the timing of artificial nutrition in acute pancrea
titis. Br J Nutr. 2009;101:787-93. doi: 10.1017/s00071145
08123443.

Moskovitz B, Katz Y, Singer P, Nativ O, Rosenberg BJPR.
Glutamine metabolism and utilization: relevance to major
problems in health care. Pharmacol Res. 1994;30:61-71. doi:
10.1016/1043-6618(94)80088-x.

Xu XF, Wang DS, Lou WH, Jin DY, Wu ZH. The effects of
glutamine on the splanchnic blood flow in rats with SAP.
Parenteral & Enteral Nutrition. 2004;11:223-5. doi: 10.3969/
j-1ssn.1007-810X.2004.04.010. (In Chinese)



