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Abstract
BACKGROUND
Gastrointestinal (GI) dysfunction is a common and important complication of
acute pancreatitis (AP), especially in patients with severe AP. Despite this, there
is no consensus means of obtaining a precise assessment of GI function.

AIM
To determine the association between acute gastrointestinal injury (AGI) grade
and clinical outcomes in critically ill patients with AP.

METHODS
Patients with AP admitted to our pancreatic intensive care unit from May 2017 to
May 2019 were enrolled. GI function was assessed according to the AGI grade
proposed by the European Society of Intensive Care Medicine in 2012, which is
mainly based on GI symptoms, intra-abdominal pressure, and feeding
intolerance in the first week of admission to the intensive care unit. Multivariate
logistic regression analysis was performed to assess the association between AGI
grade and clinical outcomes in critically ill patients with AP.

RESULTS
Among the 286 patients included, the distribution of patients with various AGI
grades was 34.62% with grade I, 22.03% with grade II, 32.52% with grade III, and
10.84% with grade IV. The distribution of mortality was 0% among those with
grade I, 6.35% among those with grade II, 30.11% among those with grade III,
and 61.29% among those with grade IV, and AGI grade was positively correlated
with mortality (χ2 = 31.511, P < 0.0001). Multivariate logistic regression analysis
showed that age, serum calcium level, AGI grade, persistent renal failure, and
persistent circulatory failure were independently associated with mortality.
Compared with the Acute Physiology and Chronic Health Evaluation II score
(area under the curve: 0.739 vs 0.854; P < 0.05) and Ranson score (area under the
curve: 0.72 vs 0.854; P < 0.01), the AGI grade was more useful for predicting
mortality.

WJG https://www.wjgnet.com February 7, 2020 Volume 26 Issue 5514

https://www.wjgnet.com
https://dx.doi.org/10.3748/wjg.v26.i5.514
http://orcid.org/0000-0002-2655-5616
http://orcid.org/0000-0002-7365-0114
http://orcid.org/0000-0003-4789-4155
http://orcid.org/0000-0003-0640-1502
http://orcid.org/0000-0001-5499-1346
http://orcid.org/0000-0001-7209-9407
http://orcid.org/0000-0003-4373-551X
http://orcid.org/0000-0002-4791-6126
mailto:zhuyin27@sina.com


Statement—checklist of items, and
the manuscript was prepared and
revised according to the STROBE
Statement—checklist of items.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
Manuscript

Received: December 3, 2019
Peer-review started:  December  3,
2019
First decision: December 23, 2019
Revised: January 7, 2020
Accepted: January 15, 2020
Article in press: February 7, 2020
Published online: February 7, 2020

P-Reviewer: Ueda H, Wang HP,
Krishna S, Inal V, Juneja D
S-Editor: Wang YQ
L-Editor: Wang TQ
E-Editor: Ma YJ

CONCLUSION
AGI grade is useful for identifying the severity of GI dysfunction and can be used
as a predictor of mortality in critically ill patients with AP.

Key words: Acute pancreatitis; Gastrointestinal dysfunction; Acute gastrointestinal injury;
Mortality; Predictive factor; Critically ill
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Core tip: Gastrointestinal (GI) dysfunction is a common and important complication of
acute pancreatitis, especially in patients with severe acute pancreatitis. Despite this, no
consensus has been reached on a more precise assessment of GI function. In this
manuscript, we studied the feasibility of using the acute GI injury grade to evaluate GI
function, and concluded that the acute GI injury grade is helpful to identify the severity
of GI dysfunction and can be used as a predictor of mortality in patients with acute
pancreatitis.

Citation: Ding L, Chen HY, Wang JY, Xiong HF, He WH, Xia L, Lu NH, Zhu Y. Severity of
acute gastrointestinal injury grade is a good predictor of mortality in critically ill patients with
acute pancreatitis. World J Gastroenterol 2020; 26(5): 514-523
URL: https://www.wjgnet.com/1007-9327/full/v26/i5/514.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i5.514

INTRODUCTION
The  gut  plays  an  important  role  in  the  pathogenesis  and  progression  of  acute
pancreatitis (AP), especially in patients with severe AP (SAP), and is considered the
“motor”  of  the  systemic  inflammatory  response  and  multiple  organ  failure[1,2].
Gastrointestinal  (GI)  problems were reported to  occur frequently in  critically  ill
patients and usually associated with adverse outcomes, including those with SAP[3].
Despite this,  no consensus has been reached on a more precise assessment of GI
function. Furthermore, GI function is not included in the 2012 Atlanta classification of
AP,  which  was  widely  used  to  assess  the  severity  of  AP.  The  importance  of  GI
dysfunction in AP patients may be underestimated, which is obviously due to its lack
of a precise definition.

In 2012, a more accurate and detailed definition of acute gastrointestinal injury
(AGI) was proposed by the European Society of Intensive Care Medicine (ESICM),
which was based on current medical evidence and expert opinions[4]. Several studies
have shown that AGI grade is helpful to evaluate GI function, and it may be used as
an early tool to predict the severity and adverse clinical outcomes in intensive care
unit (ICU) patients[5,6]. However, the associations among AGI grade, the severity of GI
dysfunction, and adverse outcomes in critically ill  patients with AP remain to be
elucidated.

Consequently, we performed this retrospective study focusing on the critically ill
patients with AP in our pancreatic ICU (PICU). We aimed to evaluate the feasibility of
using AGI grade to evaluate GI function, to investigate the association between AGI
grades and clinical outcomes, and to evaluate the prognostic value of AGI grade alone
and in combination with other severity scores in AP patients.

MATERIALS AND METHODS

Participants
Records of patients with AP admitted to our PICU of the First Affiliated Hospital of
Nanchang University  from May 2017  to  May 2019  were  reviewed using  the  AP
database, which is a data repository for the clinical data of all AP patients, including
diagnostic, therapeutic, and follow-up data recorded by a special research assistant.
The exclusion criteria for patients included the following: (1) Admission > 72 h after
the onset of AP; (2) History of chronic pancreatitis  or pancreatic malignancy; (3)
History  of  GI  tumors,  inflammatory  bowel  disease,  or  abdominal  surgery;  (4)
Pregnancy;  (5)  Hospital  stay  <  48  h;  (6)  No  intra-abdominal  pressure  (IAP)
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measurement; and (7) Incomplete data. The Ethics Committee of the First Affiliated
Hospital of Nanchang University approved the study (No. 2011001).

Data collection and measurement
The detailed records of patients who met the inclusion criteria were further reviewed.
The AGI grade was evaluated within the first week of admission according to the
recommendation of the ESICM. In the first three days of ICU stay, the AGI grade is
assessed  mainly  on  GI  symptoms  and  IAP,  and  it  is  combined  with  feeding
intolerance (FI) in the following 4 d. The AGI grade was evaluated daily, and the
worst AGI grade during the first week of ICU stay was recorded as the global AGI
grade. In view of the features of population in our ICU, which is an AP treatment
center, we needed to modify the AGI grade to assess the GI function specifically in AP
patients[4,7].  For  example,  in  the  early  stage,  patients  with  AP do not  experience
diarrhea due to GI paralysis. The definition and examples of the AGI grades and the
AGI grades specific  to  AP patients  are  shown in Supplementary Tables  1  and 2.
Enteral  nutrition  was  carried  out  in  accordance  with  current  clinical  practice
guidelines for AP[8,9]. If the goal of 20 kcal/kg BW/d cannot be achieved via enteral
route, or if enteral feeding has to be stopped due to any clinical reason, the presence
of FI should be considered. IAP was measured by the widely accepted methodology,
which was the transvesical method. Intra-abdominal hypertension and abdominal
compartment syndrome was defined according to the International Conference of
Experts[10].  The  high  gastric  residual  volume was  considered  if  a  single  volume
exceeded 200 mL.

In  addition,  the  following  information  was  also  collected:  (1)  Demographic
characteristics including age, sex, body mass index, etiology of AP, history of alcohol
and tobacco use, diabetes mellitus, and hypertension; (2) Laboratory examinations
and severity scores (collected within the first 24 h of ICU admission) including serum
albumin  level,  C-reactive  protein  level,  procalcitonin  level,  D-dimer  level,  urea
nitrogen level, glucose level, calcium level, Acute Physiology and Chronic Health
Evaluation (APACHE) II score[11], Ranson score[12], and Modified Marshall score[13]; and
(3) Clinical outcomes including infectious complications, persistent organ failure (> 48
h) defined as a score of two or more for one of these three organ systems (respiratory,
circulatory, and renal systems) represented by a Modified Marshall score ≥ 2, ICU
stay duration, and hospital stay duration[13,14].

Statistical analysis
Quantitative variables are described as medians and interquartile ranges and were
analyzed by the Kruskal-Wallis test. Categorical variables are presented as absolute
numbers and proportions and were tested by the chi-square test or Fisher’s exact test.
Factors associated with mortality in univariate analysis (P < 0.2) were included in a
multivariable model. Multivariate Logistic regression analysis (stepwise regression)
was  used  to  identify  independent  risk  factors  with  odds  ratios  (ORs)  and  95%
confidence intervals (CIs). Because of the relatively small sample size in our study, the
AGI  grade  was  handled as  a  binary  variable  (I/II  vs  III/IV)  in  the  multivariate
analysis.  A Kaplan-Meier survival  analysis  was used to estimate the cumulative
survival, and the survival rates of different subgroups were compared using the log-
rank test. Receiver operating characteristic curves were plotted to assess the ability of
each  scoring  system  to  predict  the  mortality  of  AP.  P  <  0.05  was  considered
statistically significant. Data were analyzed using SPSS software (v17.0; SPSS Inc.,
Chicago, IL, United States).

RESULTS
Between May 2017 and May 2019, 564 AP patients from our PICU were screened.
Among them, 278 patients  did not  meet  the inclusion criteria:  220 patients  were
admitted > 72 h after the onset of AP; 25 patients had a history of abdominal surgery;
17 patients were pregnant; 7 patients stayed in hospital < 48 h; IAP was not measured
in 3 patients; and 6 patients had incomplete data. Finally, a total of 286 patients were
evaluated in the first week of their admission, and the distribution of the global AGI
grades was 34.62% with grade I (n = 99), 22.03% with grade II (n = 63), 32.52% with
grade III (n  = 93),  and 10.84% with grade IV (n  = 31).  The flow chart is shown in
Figure 1.

The average age of all patients was 49 (39, 64) years, and the study included 181
males (63.29%). The principal causes of AP were hyperlipidemic (42.31%), biliary
(39.51%), and alcoholic origins (12.94%). Other values on admission and the clinical
outcomes are presented in Table 1. There were no differences among the patients with
different grades of AGI with regard to age, body mass index, history of tobacco use,
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Figure 1

Figure 1  Flow chart of acute pancreatitis patients with acute gastrointestinal injury. AP: Acute pancreatitis; ICU: Intensive care unit; IAP: Intra-abdominal
pressure; AGI: Acute gastrointestinal injury.

diabetes mellitus,  hypertension, and serum glucose levels (P  > 0.05).  There were
significant differences in sex, etiology of AP, history of alcohol use, serum C-reactive
protein levels,  procalcitonin levels,  urea nitrogen levels,  calcium levels,  D-dimer
levels, and albumin levels among different grades of AGI (P < 0.05). With increasing
AGI grade, the prevalence of infected pancreatic necrosis, extrapancreatic infection,
persistent organ failure, and persistent multiple organ failure increased (P < 0.05) and
the lengths of hospital and ICU stays also increased (P < 0.05).

Figure 2 shows the Kaplan-Meier curves for mortality stratified by global AGI
grade. Patients with AGI grades III and IV had mortality rates of 30.11% and 61.29%,
respectively, which were significantly higher than those of the patients with AGI
grades I and II (0% and 6.35%, respectively; χ2 = 31.511, P < 0.0001). There were no
differences between AGI grades I and II (χ2 = 3.586, P = 0.058) or between AGI grades
III and IV (χ2 = 2.966, P = 0.085) in mortality.

Univariate logistic regression analysis showed that age, alcohol use, serum urea
nitrogen levels, calcium levels, D-dimer levels, albumin levels, AGI grade, persistent
respiratory failure, persistent renal failure, and persistent circulatory failure were
significantly (P < 0.05) associated with mortality (Table 2). In the multivariate analysis
including these variables,  age (OR = 1.096;  95%CI: 1.055-1.139;  P  < 0.001),  serum
calcium levels (OR = 0.117; 95%CI: 0.015-0.901; P  < 0.05),  AGI grade (OR = 3.487;
95%CI: 1.685-7.214; P  = 0.001),  persistent renal failure (OR = 4.538; 95%CI: 1.347-
15.292; P < 0.05), and persistent circulatory failure (OR = 24.148; 95%CI: 7.919-73.638;
P < 0.001) remained independent predictors of mortality (Table 3).

The area under the curve (AUC) for predicting mortality on the basis of AGI grade
was 0.854 (95%CI: 0.806-0.895), the sensitivity was 91.67%, and the specificity was
67.13%, with a cutoff value of AGI grade II. Compared with the APACHE II score
(AUC: 0.739 vs 0.854; P < 0.05) and Ranson score (AUC: 0.72 vs 0.854; P < 0.01), the
AGI grade was more useful for predicting mortality. The Modified Marshall score was
similar to the AGI grade with regard to the ability to predict mortality (AUC: 0.785 vs
0.854; P > 0.05). The combinations of AGI grade and APACHE II score (AUC: 0.893),
AGI grade and Modified Marshall score (AUC: 0.895), or AGI grade and Ranson score
(AUC: 0.89)  exhibited greater  predictive values that  were superior  to any of  the
scoring systems used alone (P < 0.01) (Table 4, Figure 3).

DISCUSSION
GI dysfunction was demonstrated to influence the AP patients’ outcome in previous
studies[15]. However, in these studies, the absence of a widely accepted and scaled
system for assessing GI function has been a major limiting factor. To the best of our
knowledge,  the  present  study  is  the  first  report  to  identify  that  the  AGI  grade
recommended  by  the  ESICM  in  2012  is  helpful  to  identify  the  severity  of  GI
dysfunction and can be used to predict the mortality in critically ill patients with AP.
Furthermore, the AGI grade combined with the APACHE II score, Modified Marshall
score, or Ranson score allowed better prediction of mortality than did any of these
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Table 1  Characteristics of the patients stratified by global acute gastrointestinal injury grade, n (%)

Characteristic AGI grade I (n = 99) AGI grade II (n = 63) AGI grade III (n = 93) AGI grade IV (n = 31) P value

Male 61 (61.62) 29 (46.03) 67 (72.04) 24 (77.42) 0.003

Age, yr 49 (40,65) 49 (36,64) 48 (40,64) 51 (39,62) 0.995

BMI, kg/m2 24.34 (21.69, 26.42) 23.97 (20.78, 27.43) 24.63 (22.68, 27.7) 25.23 (22.4, 28.54) 0.251

Etiology 0.037

Biliary 38 (38.38) 31 (49.21) 37 (39.78) 7 (22.58)

Alcoholic 9 (9.09) 4 (6.35) 15 (16.13) 9 (29.03)

Hyperlipidemic 45 (45.45) 25 (39.68) 39 (41.94) 12 (38.71)

Others 7 (7.07) 3 (4.76) 2(2.15) 3 (9.68)

History of tobacco use 28 (28.28) 19 (30.16) 25 (26.88) 13 (41.94) 0.444

History of alcohol use 28 (28.28) 12 (19.05) 35 (37.63) 16 (51.61) 0.006

Diabetes mellitus 17 (17.17) 10 (15.87) 11 (11.83) 9 (29.03) 0.167

Hypertension 18 (18.18) 13 (20.63) 19 (20.43) 8 (25.81) 0.836
1C-reactive protein, mg/L 138 (91.7, 268.5) 266 (149, 384) 318 (225, 399) 276.5 (240, 386.5) < 0.001
1Procalcitonin, ng/mL 0.94 (0.26, 2.84) 1.05 (0.37, 3.44) 7.59 (2.11, 23.44) 7.8 (1.18, 20.87) < 0.001
1Urea nitrogen, mmol/L 5.7 (4.3, 7.5) 7.5 (4.5, 9.4) 10.5 (7.3, 16) 12.3 (8.2, 16.8) < 0.001
1Calcium, mmol/L 2.12 (2.02, 2.26) 1.99 (1.88, 2.18) 1.87 (1.68, 2.13) 1.77 (1.62, 1.92) < 0.001
1D-dimer, mg/L FEU 2.42 (1.23, 4.33) 3.30 (2.02, 5.33) 4.9 (2.84, 8.88) 4.23 (2.4, 7.51) < 0.001
1Glucose, mmol/L 8.54 (5.91, 11.07) 8.3 (6.93, 11.5) 8.49 (7.05,11.78) 7.79 (6.5, 10.55) 0.737
1Albumin, g/L 34.8 (32.4, 39.3) 33.6 (30.8, 36.6) 32.75 (30.45, 35.1) 33 (28.7, 34.6) < 0.001

IPN 4 (4.04) 7 (11.11) 26 (27.96) 15 (48.39) < 0.001
2Extrapancreatic infection 3 (3.03) 10 (15.87) 31 (33.33) 18 (58.06) < 0.001
3Persistent OF 13 (13.13) 35 (55.56) 69 (74.19) 30 (96.77) < 0.001
4Persistent multiple OF 1 (1.01) 6 (9.52) 32 (34.41) 25 (80.65) < 0.001

Length of hospital stay, d 10 (8,14) 15 (9,23) 20 (12,33.5) 23 (9,51) < 0.001

Length of ICU stay, d 3 (2,5) 7 (4,10) 11 (6,17.5) 19 (9,32) < 0.001

Death 0 (0) 4 (6.35) 28 (30.11) 19 (61.29) < 0.001

1The laboratory indictors were tested using serum samples obtained within the first 24 h of ICU admission;
2Extrapancreatic infection included septicemia, pulmonary infection, urinary infection, or other extrapancreatic infections diagnosed by positive culture;
3Persistent organ failure (>48 h) included respiratory failure, circulatory failure, or renal failure;
4Persistent multiple organ failure included ≥2 failing organ systems, including respiratory, circulatory, and renal systems. AGI: Acute gastrointestinal
injury; BMI: Body mass index; IPN: Infected pancreatic necrosis; OF: Organ failure.

scoring systems alone.
A meta-analysis including 18 studies found that the combined prevalence of gut

barrier dysfunction was 59% (95%CI: 48-70)[16]. However, the prevalence of gut barrier
dysfunction  cannot  represent  the  actual  level  of  GI  dysfunction  because  the
definitions  of  gut  barrier  dysfunction were  different  in  those  studies,  making it
difficult to compare one study to another. In addition, the human GI tract has many
functions,  including  not  only  barrier  functions  but  also  digestion,  absorption,
endocrine and immune functions.  In our study,  we used AGI grade to assess GI
dysfunction and found that the prevalence of GI dysfunction in AP patients in the
ICU was 34.62% with grade I, 22.03% with grade II, 32.52% with grade III, and 10.84%
with grade IV. Compared with the distribution of AGI grades in ICU patients in the
study by Hu et al[5], which were 24.5% with grade I, 49.4% with grade II, 20.6% with
grade III, and 5.5% with grade IV, the prevalence of grades III + IV was higher. This
may be due to the different main reasons for ICU admission. The main reasons to
enter ICU were severe respiratory distress (45.6%), shock (32.8%), and acute kidney
injury (18.5%) in the study by Hu et al[5]. However, we included all AP patients in our
PICU, which indicates that patients with AP are more prone to developing severe GI
dysfunction.

GI function was shown to influence the patients’ outcomes in previous studies in
which  GI  dysfunction  in  ICU  patients  was  assessed  by  GI  symptoms  or  the
gastrointestinal  failure  (GIF)  score[17,18].  In  a  prospective  study,  Reintam  et  al[17]

reported that three or more GI symptoms on the first day of ICU were independently
associated with a threefold increase in the risk of death. In another prospective study,
the mean GIF (based on the combination of FI with IAP for the first 3 d of ICU) score
was identified as an independent risk factor for mortality (OR = 3.02; 95%CI: 1.63-5.59;
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Table 2  Factors associated with mortality according to univariate logistic regression analysis

Variable B OR (95%CI) P value

Male sex 0.075 1.078 (0.573-2.028) 0.817

Age 0.043 1.044 (1.024-1.064) < 0.001

BMI -0.020 0.980 (0.913-1.052) 0.574

Etiology of AP

Biliary Ref Ref Ref

Alcoholic 0.630 1.878 (0.822-4.293) 0.135

Hyperlipidemic -0.669 0.512 (0.249-1.053) 0.069

Others -0.507 0.602 (0.127-2.858) 0.523

History of tobacco use -0.256 0.774 (0.389-1.541) 0.467

History of alcohol use 0.723 2.060 (1.108-3.829) 0.022

Diabetes mellitus -0.067 0.935 (0.408-2.143) 0.874

Hypertension 0.496 1.643 (0.818-3.297) 0.163

Urea nitrogen 0.190 1.209 (1.140-1.283) < 0.001

Calcium -2.444 0.087 (0.029-0.263) < 0.001

D-dimer 0.090 1.094 (1.045-1.146) < 0.001

Glucose -0.014 0.986 (0.924-1.053) 0.671

Albumin -0.088 0.916 (0.850-0.986) 0.020

Global AGI grade (I/II vs III/IV) 3.183 24.110 (8.382-69.352) < 0.001

Persistent respiratory failure 2.834 17.013 (5.933-48.785) < 0.001

Persistent renal failure 2.489 12.048 (5.634-25.764) < 0.001

Persistent circulatory failure 3.731 41.719 (18.402-94.584) < 0.001

OR:  Odds  ratio;  CI:  Confidence  interval;  BMI:  Body  mass  index;  AP:  Acute  pancreatitis;  AGI:  Acute
gastrointestinal injury.

P < 0.001)[18]. Several studies have investigated the association between GI dysfunction
assessed by the AGI grade and adverse clinical outcomes in ICU patients. A recent
study including 470 adult patients with AGI from 14 general ICUs showed that the
AGI grade is helpful to identify the severity of GI dysfunction. In addition, the study
also  supported  the  finding  that  continuous  FI  in  the  first  week  after  ICU
hospitalization is an independent determinant of mortality[5]. Another study found
that the AGI grade appeared to be more valid for predicting prognosis when it was
differentiated into two grades (AGI I + II vs III + IV) than the AGI 4-grade system[19].
Thus, the AGI grade is helpful to identify the severity of GI dysfunction and can be
used to predict mortality in ICU patients.  However, the associations among AGI
grade, the severity of GI dysfunction, and adverse outcomes in AP patients remain to
be elucidated.

Studies  on  GI  dysfunction  in  AP patients  are  limited.  Sun et  al[20]  proposed a
modified GIF score  (based on the  number  of  FI  symptoms,  IAP,  endotoxin,  and
computed tomography findings) and concluded that the modified GIF score seemed
to  be  valuable  for  predicting  hospital  mortality,  multiple  organ  dysfunction
syndrome, and pancreatic infection. Because the study included 52 SAP patients who
had been present in the ICU for longer than 7 d, the modified GIF score could not
assess GI function in the early stage of  the disease[20].  In our study,  we included
patients  who were admitted within 72 h after  AP onset,  and the AGI grade was
assessed within the first week of the subject’s ICU admission. Thus, we assessed the
GI function in the early stage of  AP. Moreover,  the present study is  in line with
previous studies on ICU patients and demonstrated that AGI grade is an independent
risk factor for mortality and that AGI grade could add to the predictive value of the
APACHE II, Modified Marshall, and Ranson scores.

There are some limitations to this study. First, FI was determined on the basis of
failure to achieve enteral nutrition caloric targets, which depends more on subjective
judgement and lacks objectivity. Second, even when following the ESICM criteria, the
diagnosis and classifications of AGI grade were a little difficult due to its complicated
manifestations, which potentially affected the applicability of our results and biased
the outcome. Because of the small sample size and single-center design of this study,
the representativeness might be limited, and the accuracy of AGI grade should be
tested by further large-sample and multicenter studies.
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Figure 2

Figure 2  Kaplan-Meier analysis stratified on the basis of global acute gastrointestinal injury grade. AGI: Acute
gastrointestinal injury.

In conclusion, the AGI grade is an independent predictor of mortality in critically ill
patients with AP. The AGI grade combined with the APACHE II, Modified Marshall,
and Ranson scores allows better prediction of mortality than does the use of any of
these scoring systems alone.
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Table 3  Factors associated with mortality according to multivariate logistic regression analysis

Variables B OR (95%CI) P value

Age 0.092 1.096 (1.055-1.139) < 0.001

Calcium -2.147 0.117 (0.015-0.901) 0.039

Global AGI grade (I/II vs III/IV) 1.249 3.487 (1.685-7.214) 0.001

Persistent renal failure 1.513 4.538 (1.347-15.292) 0.015

Persistent circulatory failure 3.184 24.148 (7.919-73.638) < 0.001

OR: Odds ratio; CI: Confidence interval; AGI: Acute gastrointestinal injury.

Table 4  Accuracy of each score for predicting mortality according to receiver operating characteristic curve analysis

Variables Sensitivity specificity AUC (95%CI) Cutoff value

AGI grade 91.67% 67.13% 0.854 (0.806-0.895) > grade II

APACHEII score 68.75% 70.83% 0.739 (0.682-0.791) > 12

Modified Marshall score 64.58% 83.33% 0.785 (0.730-0.833) > 2

Ranson score 54.17% 81.94% 0.720 (0.662-0.774) > 4

AUC: Area under the curve; CI: Confidence interval; AGI: Acute gastrointestinal injury; APACHE: Acute Physiology and Chronic Health Evaluation.

Figure 3

Figure 3  Receiver operating characteristic curve analysis of scores for predicting mortality in acute pancreatitis patients in the intensive care unit. A:
Receiver operating characteristic (ROC) curve analysis of acute gastrointestinal injury (AGI) grade [area under curve (AUC): 0.854], Acute Physiology and Chronic
Health Evaluation (APACHE) II score (AUC: 0.739), Modified Marshall score (AUC: 0.785), and Ranson score (AUC: 0.72) for predicting mortality; B: ROC curve
analysis of AGI grade + APACHE II score (AUC: 0.893) and APACHE II score (AUC: 0.739) for predicting mortality; C: ROC curve analysis of AGI grade + Modified
Marshall score (AUC: 0.895) and Modified Marshall score (AUC: 0.785) for predicting mortality; D: ROC curve analysis of AGI grade + Ranson score (AUC: 0.89) and
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Ranson score (AUC: 0.72) for predicting mortality. AGI: Acute gastrointestinal injury; APACHE: Acute Physiology and Chronic Health Evaluation.

ARTICLE HIGHLIGHTS
Research background
Gastrointestinal (GI) dysfunction is a common complication of acute pancreatitis (AP), especially
in severe AP. Due to a lack of a precise definition of GI dysfunction, there is little data regarding
the prognostic value of GI dysfunction in AP patients.

Research motivation
We wanted to determine the feasibility of using acute gastrointestinal injury (AGI) grade to
evaluate GI function in critically ill patients with AP, and investigate the association between
AGI grades and clinical outcomes.

Research objectives
To evaluate the relationship between AGI grade and mortality in critically ill patients with AP,
and to investigate the prognostic value of  AGI grade alone and in combination with other
severity scores in AP patients.

Research methods
A retrospective cohort study was conducted, and 286 patients were included and divided to four
groups according to AGI grades. A Kaplan-Meier survival analysis was performed to estimate
the cumulative survival. Logistic regression analysis (stepwise regression) was used to identify
independent risk factors.

Research results
The distribution of patients with various AGI grades was 34.62% with grade I, 22.03% with grade
II, 32.52% with grade III, and 10.84% with grade IV. AGI grade was positively correlated with
mortality, and was an independent risk factor for mortality. Compared with the APACHE II
score  and  Ranson  score,  the  AGI  grade  was  more  useful  for  predicting  mortality.  The
combinations of AGI grade and APACHE II score [area under curve (AUC): 0.893], Modified
Marshall score (AUC: 0.895), or Ranson score (AUC: 0.89) exhibited greater predictive values that
were superior to any of these scoring systems used alone.

Research conclusions
The AGI grade is feasible for evaluating GI function in critically ill patients with AP, and is an
independent predictor of mortality. The AGI grade combined with the APACHE II, Modified
Marshall, and Ranson scores allows better prediction of mortality than does the use of any of
these scoring systems alone.

Research perspectives
GI dysfunction has an adverse effect on the prognosis,  and AGI grade may be an available
evaluation tool. We hope that a future prospective study may focus on the development of new
biochemical indicators and scoring systems for the evaluation of GI dysfunction.
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