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Abstract

Background: The importance of enteral nutrition (EN) in acute pancreatitis (AP) has been emphasised. Nasogastric
(NG) feeding has been the preferred route for EN delivery in most AP patients intolerant to oral intake. However,
gastric feeding intolerance (GFl) was frequently reported, especially in patients with more severe diseases. This study
aimed to investigate the incidence and risk factors for GFI in moderately-severe to severe AP.

Methods: This is a single-centre, retrospective study. All the data were extracted from an electronic database from
April 2020 to May 2021. Data were prospectively collected during hospitalisation. Patients diagnosed with moder-
ately-severe to severe AP and admitted within seven days from the onset of abdominal pain were assessed for eligibil-
ity. Patients who showed signs of intolerance to gastric feeding and required switching to nasojejunal (NJ) feeding
were deemed GFI. Multivariable logistic regression was performed to assess potential risk factors of GFI.

Results: A total of 93 patients were analysed, of whom 24 were deemed GFI (25.8%), and the rest tolerated NG
feeding well (n=69). In patients with GFI, the median time of switching to NJ feeding was five days (interquartile
range: 4-7 days) after admission. The multivariable analysis showed that respiratory failure (odds ratio=3.135, 95% Cl:
1.111-8.848, P=10.031) was an independent risk factor for GFl.The mean daily energy delivery in the following three
days after switching to NJ feeding was significantly higher than the first three days after initiation of NG feeding in
patients with GFI [920.83 (493.33-1326) vs. 465 (252.25-556.67) kcal, P<0.001].

Conclusion: GFlis common in moderately-severe to severe AP patients with an incidence of 25.8%, and the pres-
ence of respiratory failure may increase the risk of GFl.
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Introduction
The clinical superiority of enteral nutrition (EN) over
total parenteral nutrition (TPN) has been well proved
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NJ tube insertion, NG feeding has been recommended as
the primary choice for SAP patients [5].

Recently, ESPEN guidelines recommend initial EN
delivery via a NG tube in AP patients requiring tube
feeding, and the NJ route should be preferred in case of
intolerance [6]. In patients with gastric feeding intoler-
ance (GFI), switching to NJ feeding is the alternative
option [7]. However, due to the time required for evaluat-
ing GFI and NJ tube placement, this switch would inevi-
tably weaken the benefits of early EN [8-10], leading to
an energy deficit [11]. Moreover, the risk of aspiration
accompanying NG feeding, a common clinical finding in
patients with more severe AP, can not be ignored, espe-
cially in patients with increased abdominal pressure [12,
13]. Therefore, NJ feeding as the primary choice may pro-
vide clinical benefits in patients with a high risk of GFI
and aspiration.

In this study, we aimed to investigate the incidence of
GFI and assess potential risk factors for GFI in moder-
ately-severe to severe AP patients. The results of the
current study could provide preliminary data for future
studies.

Methods

Study population

This study is a single-centre, retrospective study con-
ducted in the Centre of Severe Acute Pancreatitis, Jin-
ling Hospital. All the data were extracted from the Acute
Pancreatitis Database, which was approved by the insti-
tutional review board of Jinling Hospital (2019NZKY-
003-01). Informed consent involving data storage and
academic use of data was obtained from each patient dur-
ing hospitalisation. Clinical data were collected prospec-
tively during hospitalisations. All consecutive patients
with a primary diagnosis of AP admitted from April 2020
to May 2021 were screened for eligibility. Patients were
included if they were diagnosed with moderately-severe
to severe acute pancreatitis, and admitted within seven
days from the onset of abdominal pain. Patients who
stayed in the hospital less than three days, were impossi-
ble for EN or received NJ feeding before admission were
excluded.

Nutrition practise

EN was initiated within 24—48 hours after admission if
oral intake is not possible. Nasogastric feeding was the
primary route for EN, while NJ feeding was only imple-
mented in patients who could not tolerate gastric feeding.
Intolerance of gastric feeding and switching to NJ feed-
ing were considered if the patients met at least one of the
following criteria: 1) enteral feeding has to be suspended
for the gastrointestinal symptoms, such as large gastric
residual volumes (GRV>500 ml/6h), abdominal pain, or
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vomiting due to delayed gastric emptying, 2) failed to
reach the target (70% of the estimated target) within 72
hours of EN initiation [14]. The final decision regarding
the requirement of NJ feeding depends on the treating
physician. The method for NJ tube placement also at the
discretion of the treating physician (endoscopic tech-
nique or bedside ultrasound-assisted technique), which
was described detailedly in our previous study [15]. After
that, an abdominal radiograph was used to confirm if the
tip of the NJ tube had passed the ligament of Treitz into
the mid-distal jejunum.

Definitions and outcomes

Time to discharge alive from the hospital within 30 days
after hospital admission and other clinical outcomes
were compared between patients with and without GFI
[16, 17]. The diagnosis of AP required two of the follow-
ing three features: (1) abdominal pain consistent with
acute pancreatitis, (2) serum lipase activity or amylase
activity at least three times greater than the upper limit of
normal, and (3) characteristic findings of acute pancrea-
titis on computed tomography. The severity of AP was
categorised as mild (MAP), moderately-severe (MSAP),
and severe (SAP) according to the Revised Atlanta crite-
ria (RAC) [18]. The energy target is reaching at least 70%
of the energy requirements. The energy requirements
were estimated based on the weight-based Eq. (25 kcal/
kg of body weight on hospital admission). Respiratory
failure in this study was defined as a modified Marshall
score of >2 (PO2:FiO2 ratio less than 300) according to
the RAC.

Data collection

Data concerning demographic and baseline clinical char-
acteristics, including age, gender, etiologies, body mass
index (BMI), complications, and clinical scores like Acute
Physiology and Chronic Health Evaluation II (APACHE
II) score [19] at admission were extracted from the data-
base. Nutrition therapy variables, including time to
switching to NJ feeding (in days), the daily amount of
energy delivery after feeding tube placement, and intol-
erance symptoms, were collected from medical records.
The local and systemic complications, including pan-
creatic necrosis, respiratory failure, acute kidney injury
(AKTI), shock during the hospital stay, were also collected.

Statistical analysis

Data were analysed using SPSS for Windows version 18
(SPSS Inc., Chicago, IL, USA). The distribution of con-
tinuous variables was examined for normality using the
Shapiro—Wilk test. Continuous variables were expressed
as median (interquartile range) and analysed by Mann—
Whitney U test. The difference in the amount of energy
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delivery between pre-switch and post-switch in the GFI
group was compared using the paired Wilcoxon test.
Categorical variables were expressed as absolute num-
bers (percentage) and compared by Pearson’s chi-square
or Fisher exact test as indicated. APACHE II score was
dichotomised into two groups (<8 and>8). Covariates
including age, gender, respiratory failure, etiology, and
APACHE II were tested by univariate analysis to exam-
ine the association between clinical variables and GFIL.
Parameters with P<0.1 in the univariate analysis would
enter the multiple logistic regression analysis to identify
the risk factors for GFI. Pearson’s correlation coefficient
and the variance inflation factor were used to detect the
presence of multicollinearity among variables included
in the regression model. The VIF>5 was considered as
an indicator of multicollinearity [20, 21]. Kaplan—Meier
methods were used to display curves for time to dis-
charge alive from the hospital within 30 days after hospi-
tal admission. A log-rank test was conducted to compare
the survival curves of the GFI group and non-GFI group.
Sensitivity analyse was used to evaluate the robustness of
our findings via propensity score matching (PSM). One-
to-one nearest neighbour matching with a caliper width
of 0.3 was used in the PSM and the standardised mean
difference (SMD) were calculated for variables (age, gen-
der, etiology and time from the onset of abdominal pain
to hospital admission) before and after propensity score
matching. A difference with a two-tailed P<0.05 is con-
sidered statistically significant.
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Results

Patients enrolment and characteristics

A total of 561 patients were screened, and 468 patients
were excluded (Fig. 1). Of the 93 eligible patients, 24

Table 1 Baseline and demographic characteristics of the study

cohort
Variables Total N=93
Age 40 (33-48)
Male 63 (67.7)
BMI 26.1 (24.1-29.4)
Time from onset of abdominal pain to study hospital 3(2-5)
admission
RAC
Moderate 68 (73.1)
Severe 25 (26.9)
Etiology
Hypertriglyceridemia 43 (46.2)
Biliary 6(38.7)
Others 14(15.1)
APACHE Il 7 (5-10)
Presence of pancreatic necrosis 68 (73.1)
Systemic complications at hospital admission
Respiratory failure 39(41.9)
AKI 7(7.5)
Shock 3(3.2)
Duration of respiratory failure <48 h 17 (18.3)
Incidence of GFI 24 (25.8)

Data are presented as n (%) or median (interquartile range)

BMI Body mass index, RAC Revised atlanta criteria, APACHE Il Acute physiology
and chronic health evaluation I, AKI Acute kidney injury, GFI Gastric feeding
intolerance

561 AP patients admitted to the hospital
from April 2020 to May 2021

468 patients excluded
346 were more than seven days from onset of AP at hospital admission
86 were diagnosed with mild acute pancreatitis
29 received jejunal feeding before hospital admission
7 stayed in hospital less than three days

A 4

93 eligible patients

24 patients
Switch to jejunal feeding

69 patients

Tolerance to gastric feeding

Fig. 1 Flowchart of patient selection
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patients (25.8%) were switched to NJ feeding due to
intolerance of gastric feeding (GFI group). Table 1
describes the baseline and demographic characteristics
of the study cohort. The median time from the onset of
abdominal pain to study hospital admission was three
days in the study cohort. The majority of the study sub-
jects (88/93, 94.6%) were referrals and the time from the
onset of abdominal pain to initial hospital admission
was within 24 h in most cases except two (on the sec-
ond day). Hypertriglyceridemia and biliary origin were
the two most common causes. The majority of the study
subjects had pancreatic necrosis at hospital admission.
A comparison of clinical characteristics and outcomes
between the GFI and the non-GFI patients is shown in
Table 2. There were no significant differences in age, gen-
der, BMI, and etiologies between groups. Patients in the
GFI group had a higher APACHE II score at admission
[10(7-11) vs. 7(5-10), P=0.003] compared with the non-
GFI group. A higher proportion of patients with systemic
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complications (respiratory failure and AKI) at hospi-
tal admission was observed in GFI patients. For clinical
outcomes, the GFI patients had a lower energy target-
reaching rate at day3-7 after EN initiation, higher inci-
dence of infected pancreatic necrosis, and more extended
hospital stay. Only one patient died within 30 days after
ICU admission in the GFI group. Kaplan—Meier survival
curves illustrated that time-to-discharge alive from the
hospital was shorter in patients without GFI (Additional
file 1: Fig. S1).

Risk factors of gastric feeding intolerance

In the univariate analysis, the presence of respiratory
failure and APACHE II > 8 at admission were associated
with GFI (Additional file 1: Table S1). The multicollinear-
ity analysis showed that the VIFs of respiratory failure
and APACHE II score were 1.107 and 1.196, respec-
tively. In multivariable analysis, respiratory failure
(odds ratio=3.135, 95% CI: 1.111-8.848, P=0.031) was

Table 2 Baseline characteristics and clinical outcomes in patients with and without GFl

GFl group (n=24)

Non-GFlI group (n=69)

Age
Male
BMI
APACHE Il
Time from onset of abdominal pain to study hospital admission
RAC
Moderate
Severe
Etiology
Hypertriglyceridemia
Biliary
Others
Systemic complications at hospital admission
Respiratory failure
AKI
Shock
Clinical outcomes
Energy target-reaching rate between day3-day7
Hospital mortality
Length of hospital stay, day
Pancreaticocutaneous fistula
Abdominal bleeding
IPN
New receipt of organ support therapy
A%
Vasopressors
Mean total inpatient hospital costs, k¥

40 (33-48) 40 (33-48) 0.954
13 (54.2) 50 (72.5) 0.099
26.2 (23.6-284) 26.1 (24.1-30.1) 0.706
10 (7-11) 7(5-10) 0.003
4(1-4) 3(2-5) 0.771

<0.001
8(333) 60 (87)
16 (66.7) 9(13)

0.565

12 (50) 31(449)
10 (41.7) 26 (37.7)
2(83) 12(17.4)
16 (66.7) 23(33.3) 0.004
5(20.8) 2(29) 0.016
2(83) 1(1.4) 0.162
12 (50) 61(884) <0.001
1(4.2) 0(0) 0.258
18 (9-31) 6 (4-9) <0.001
1(4.2) 0(0) 0.258
2(83) 00 0.065
3(12.5) 0(0) 0.016
2(83) 1(14) 0.162
1(4.2) 0(0) 0.258
88.2(42.2-16.2) 294 (22.3-42.0) <0.001

Data are presented as n (%) or median (interquartile range)

BMI Body mass index, RAC Revised atlanta criteria, APACHE Il Acute physiology and chronic health evaluation II, AKI Acute kidney injury, GFI Gastric feeding intolerance,

IPN Infected pancreatic necrosis, MV Mechanical ventilation
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associated with GFI, whereas the APACHE II did not
(Table 3). In the sensitivity analysis, the imbalance in the
characteristics (age, gender, etiology and time from the
onset of abdominal pain to hospital admission) between
the GFI and non-GFI groups was significantly minimised
with SMD<0.1 (Additional file 1: Fig. S2) after PSM.
Nevertheless, patients in the GFI group had a higher pro-
portion of respiratory failure, lower energy target-reach-
ing rate between day3-day7, longer length of hospital
stay, and higher cost when compared with the non-GFI
group (Additional file 1: Table S2).

Nutrition therapy

The median time of switching to NJ feeding in the GFI
group was five days (interquartile range: 4—7 days) after
admission (Table 4). Abdominal pain was the most
common gastrointestinal symptom in patients intoler-
ant to gastric feeding, with an incidence of 91.7%. The
mean daily energy delivery in the following three days
after switching to NJ feeding was significantly increased
than the first three days after initiation of NG feeding in
patients with GFI [920.83 (493.33—-1326) vs. 465 (252.25—
556.67) kcal, P<0.001].The energy delivery within the
first three days after nasogastric tube placement is pre-
sented in Fig. 2. Patients without GFI had a significantly

Table 3 Multivariable logistic regression analysis for GFl

Variables OR (95% Cl) P value
Age 0.981 (0.942-1.022) 0.369
Respiratory failure 3.135(1.111-8.848) 0.031
APACHE Il
<8 1 (reference) -
>38 3423(1.133-10.343) 0.05

GFI Gastric feeding intolerance, APACHE Il Acute physiology and chronic health
evaluation Il

Table 4 Nutrition therapy variables in patients with GFI
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Fig. 2 Energy delivery within the first three days after nasogastric
tube placement in GFl group and non-GFI group. All patients were
categorised into GFI group (dark boxes) and non-GFI group (light
boxes) groups (** p<0.001). Error bars indicate 95% confidence
intervals

higher calorie intake on day 2 and day 3 than those with
GFL

Discussion

To the best of our knowledge, this is the first study to
evaluate the incidence and risk factors of nasogastric
feeding intolerance in moderately-severe to severe AP.
Our study found that GFI is common in moderately-
severe to severe AP patients with an incidence of 25.8%,
and the presence of respiratory failure may increase the
risk of GFI. Furthermore, the time to discharge alive from
the hospital was longer in the GFI group, though the
patients with GFI were sicker at admission, evidenced by
a higher APACHEII score.

The optimal route of early EN in AP patients remains
unclear. Three randomised controlled trials (RCTs)
involving 157 patients have demonstrated similar out-
comes regarding tolerance, complications rates, and mor-
tality between NG or NJ feeding [1-3]. Several reasons

Variables

Mean daily energy delivery, kcal

The first three days after initiation of nasogastric feeding

The following three days after switching to nasojejunal feeding
Intolerance symptom to gastric feeding

Abdominal pain

Vomiting

IAP>15 mmHg

GRV > 250 ml/6 h

Time to switch to NJT after hospitalization, days

465 (252.25-556.67)
920.83 (493.33-1326)

Data are presented as n (%) or median (interquartile range)

GFl Gastric feeding intolerance, /AP Intra-abdominal pressure, GRV Gastric residual volume
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could weaken the reliability of the conclusion. First, all
three trials had a limited sample size, and the eligibility
criteria differ among the three RCTs. Second, the feeding
protocol and target applied in the three trials vary. More-
over, the position of the NJ tube tip was not precisely
reported in these studies [22]. In our study, all patients
in the GFI group (switching to the NJ feeding) had NJ
tubes placed into the mid-distal jejunum confirmed by
the abdominal radiograph.

Although NG feeding is recommended as the first-line
choice for EN in AP patients because of the advantages
of lower cost and easy insertion, patients complicated
by organ failure and/or pancreatic necrosis/fluid collec-
tions were at risk of impaired gastric emptying or gas-
tric outlet obstruction, making them vulnerable to GFI
[23, 24]. However, data on GFI incidence in AP patients
are scarce, especially in more severe types of disease.
Recently, a retrospective study involving exclusively
moderately-severe AP patients found that GFI (defined as
when at least 20 kcal/kg BW/day via enteral route can-
not be reached within 72 h of feeding attempt) occurred
in 34% of patients receiving NG feeding [25], which is
higher than our results. Even though the different study
populations and definitions of GFI limit the comparabil-
ity, both studies suggest that the incidence of GFI is con-
siderable in patients with more severe AP.

The presence of GFI could decrease the amount of EN
delivery and prevent feeding goals from being achieved,
as shown in our study. Moreover, energy inadequacy
might be associated with poor clinical outcomes, includ-
ing prolonged mechanical ventilation and increased risk
of infection [26-28]. Futhermore, patients receiving NG
feeding are more likely to have the risk of reflux and aspi-
ration when complicated with GFI, which may increase
the aspiration-related complications [11, 29-32].

The development of organ failure is one of the major
determinants of mortality in patients with AP [33]. Pre-
vious studies have shown that respiratory failure is the
most common type of organ failure in AP and is associ-
ated with high mortality [33, 34]. In our study, respira-
tory failure was significantly associated with GFI. Similar
findings were reported in critically ill patients with acute
respiratory failure, and the leading gastrointestinal symp-
toms included vomiting and diarrhoea [35]. Analgesic
opioid drugs used during MV were considered the poten-
tial causes [36, 37]. Thus, AP patients with early res-
piratory failure might benefit from the early NJ feeding
because of better early EN implementation.

This study had several limitations. Due to the ret-
rospective unicentric design and the limited sample
size, a causal relationship cannot be inferred, and the
results should be interpreted with caution. Moreover,
centre experience and volume might impact severity/
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complications of the disease [38]. Since our centre is one
of the largest referral sites for AP in China, the majority
of the screened patients (346/561, 61.7%) were admit-
ted later than seven days from the onset of abdomi-
nal pain in the present study, and more than half of the
excluded patients had SAP (SAP (265/468, 56.6%), MSAP
(117/468, 25%), MAP (86/468, 28.4%), respectively). In
addition, the comparisons for clinical outcomes were just
descriptive without appropriate adjustment, and the inci-
dence of aspiration was not reported in our study due to
unreliable recordings. Last, the diagnosis of GFI and the
decision to switch was made by the treating physician,
which inevitably brought some bias into our results due
to the subjectivity.

The strength of this study is that, although explora-
tive, this is the first study to investigate the risk factors
for GFI in moderately-severe to severe AP, and the results
may help identify a specific cohort of patients who may
benefit from NJ feeding as the first line for EN delivery.
A randomised controlled trial is therefore warranted
to evaluate the clinical impact of primary NJ feeding in
patients with AP complicated by early respiratory failure.

Conclusion

Our study showed that GFI is common in moderately-
severe to severe AP patients, with an incidence of 25.8%.
The presence of respiratory failure may increase the risk
of GFI. Further randomised clinical trials are needed to
assess the impact of jejunal feeding as the initial EN deliv-
ery route in AP patients with early respiratory failure.

Abbreviations

EN: Enteral nutrition; AP: Acute pancreatitis; NG: Nasogastric; NJ: Nasojejunal;
GFI: Gastric feeding intolerance; TPN: Total parenteral nutrition; SAP: Severe
acute pancreatitis; MAP: Mild acute pancreatitis; MSAP: Moderate-severe acute
pancreatitis; CSAP: Center of severe acute pancreatitis; RAC: Revised atlanta
criteria; BMI: Body mass index; APACHE II: Acute physiology and chronic health
evaluation II; AKI: Acute kidney injury; RCTs: Randomised controlled trials.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512876-022-02403-w.

Additional file 1: Table S1. Univariate logistic regression analysis for GFI.
Table S2. Baseline characteristics and clinical outcomes in patients with
and without GFI after propensity score matching. Fig. S1 Time to dis-
charge alive from the hospital within 30 days after hospital admission. Fig.
S2 Standardised mean difference of variables before and after propensity
score matching

Acknowledgements
Not applicable.

Author contributions

JFT, GL, ZHT and WQL formulated the idea of the paper and supervised the
research, reviewed and revised the manuscript. CL, CLW, HZ and ZRL per-
formed the research and analysed the data. JJL and LK wrote the manuscript


https://doi.org/10.1186/s12876-022-02403-w
https://doi.org/10.1186/s12876-022-02403-w

Lin et al. BMC Gastroenterology (2022) 22:327

and interpretation of data. CL, CLW, HZ, ZRL, JFT, GL, ZHT, JFT and WQL revised
the manuscript, provided comments and technical advice. All approved the
manuscript submission and have agreed to be personally accountable for the
author’s own contributions.

Funding

This study was supported by the Natural Science Foundation of Zhejiang
Province, China (LY18H150005), Scientific Foundation of Zhejiang Provincial
Ministry of Education, China (Y202044691) and the National Natural Science
Foundation of China (82070665).

Availability of data and materials
The datasets are not publicly available due to privacy or ethical restrictions but
are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This retrospective study was approved by the institutional review board of
Jinling Hospital (2019NZKY-003-01). Informed consent involving data storage
and academic use of data was obtained from each patient who was recorded
in the database (Acute Pancreatitis Database) during their hospitalisation.

We confirm all methods were performed in accordance with the relevant
guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

!Center of Severe Acute Pancreatitis (CSAP), Department of Critical Care
Medicine, Jinling Hospital, Medical School of Nanjing University, No. 305
Zhongshan East Road, Jiangsu, Nanjing 210002, People’s Republic of China.
2Department of General Surgery, Jinling Hospital, Medical School of Nanjing
University, Nanjing 210002, People’s Republic of China. *Department of Critical
Care Medicine, Jinling Hospital, Medical School of Southeast University, Nan-
jing 210002, People’s Republic of China. “Emergency and Critical Care Center,
Department of Emergency Medicine, Zhejiang Provincial People’s Hospital,
People’s Hospital of Hangzhou Medical College, Hangzhou 310014, Zhejiang,
People’s Republic of China. *National Institute of Healthcare Data Science,
Nanjing University, Nanjing, China.

Received: 20 December 2021 Accepted: 27 June 2022
Published online: 02 July 2022

References

1. Kumar A, Singh N, Prakash S, Saraya A, Joshi YK. Early enteral nutrition
in severe acute pancreatitis: a prospective randomized controlled trial
comparing nasojejunal and nasogastric routes. J Clin Gastroenterol.
2006;40:431-4.

2. Eatock FC, Chong P, Menezes N, Murray L, McKay CJ, Carter CR, et al. A
randomized study of early nasogastric versus nasojejunal feeding in
severe acute pancreatitis. Am J Gastroenterol. 2005;100:432-9.

3. Singh N, Sharma B, Sharma M, Sachdev V, Bhardwaj P, Mani K, et al. Evalu-
ation of early enteral feeding through nasogastric and nasojejunal tube
in severe acute pancreatitis: a noninferiority randomized controlled trial.
Pancreas. 2012;41:153-9.

4. Dutta AK, Goel A, Kirubakaran R, Chacko A, Tharyan P. Nasogastric
versus nasojejunal tube feeding for severe acute pancreatitis. Cochrane
Database Syst Rev. 2020;3:CD010582. https://doi.org/10.1002/14651858.
CD010582.pub2.

5. Jablonska B, Mrowiec S. Nutritional support in patients with severe acute
pancreatitis-current standards. Nutrients. 2021;13(5):1498.

6. Arvanitakis M, Ockenga J, Bezmarevic M, Gianotti L, Krznaric Z, Lobo DN,
et al. ESPEN guideline on clinical nutrition in acute and chronic pancreati-
tis. Clin Nutr. 2020,39:612-31.

10.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Page 7 of 8

McClave SA, Taylor BE, Martindale RG, Warren MM, Johnson DR, Braun-
schweig C, et al. Guidelines for the provision and assessment of nutri-
tion support therapy in the adult critically Ill patient: Society of critical
care medicine (SCCM) and American society for parenteral and enteral
nutrition (ASPEN). JPEN J Parenter Enteral Nutr. 2016;40(2):159-211.
Sun JK, Mu XW, Li WQ, Tong ZH, Li J, Zheng SY. Effects of early enteral
nutrition on immune function of severe acute pancreatitis patients.
World J Gastroenterol. 2013;19:917-22.

Sun JK, LiWQ, Ke L, Tong ZH, Ni HB, Li G, et al. Early enteral nutrition
prevents intra-abdominal hypertension and reduces the severity of
severe acute pancreatitis compared with delayed enteral nutrition: a
prospective pilot study. World J Surg. 2013;37:2053-60.

Zou L, Ke L, LiW, Tong Z, Wu C, ChenYY, et al. Enteral nutrition within 72
h after onset of acute pancreatitis vs delayed initiation. Eur J Clin Nutr.
2014;68:1288-93.

. Mentec H, Dupont H, Bocchetti M, Cani P, Ponche F, Bleichner G.

Upper digestive intolerance during enteral nutrition in critically ill
patients: frequency, risk factors, and complications. Crit Care Med.
2001;29:1955-61.

Al-Bahrani AZ, Abid GH, Holt A, McCloy RF, Benson J, Eddleston J, et al.
Clinical relevance of intra-abdominal hypertension in patients with
severe acute pancreatitis. Pancreas. 2008;36:39-43.

De Waele JJ, Hoste E, Blot SI, Decruyenaere J, Colardyn F. Intra-abdominal
hypertension in patients with severe acute pancreatitis. Crit Care.
2005;9:R452-7.

Reintam Blaser A, Malbrain ML, Starkopf J, Fruhwald S, Jakob SM, De
Waele J, et al. Gastrointestinal function in intensive care patients:
terminology definitions and management recommendations of the
ESICM working group on abdominal problems. Intensive Care Med.
2012;38(3):384-94.

Li G, Lin J, LiuY,Yang Q, Tong Z, Ke L, et al. Ultrasound-assisted versus
endoscopic nasojejunal tube placement for acute pancreatitis: a retro-
spective feasibility study. Gastroenterol Res Pract. 2021;2021:4903241.
Heyland DK, Patel J, Bear D, Sacks G, Nixdorf H, Dolan J, et al. The effect

of higher protein dosing in critically Ill patients: a multicenter registry-
based randomized trial: the effort trial. JJEN J Parenter Enteral Nutr.
2019;43:326-34.

Batomen B, Moore L, Strumpf E, Nandi A. Addressing competing risks
when assessing the impact of health services interventions on hospital
length of stay. Epidemiology. 2021;32:230-8.

Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, Sarr MG, et al.
Classification of acute pancreatitis—2012: revision of the Atlanta classifica-
tion and definitions by international consensus. Gut. 2013;62:102-11.
Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE I: a severity of
disease classification system. Crit Care Med. 1985;13:818-29.

Schroeder MA. Diagnosing and dealing with multicollinearity. West J Nurs
Res. 1990;12(2):175-87.

Kim JH. Multicollinearity and misleading statistical results. Korean J Anes-
thesiol. 2019;72:558-69.

Vu MK, van der Veek PP, Frolich M, Souverijn JH, Biemond |, Lamers CB,

et al. Does jejunal feeding activate exocrine pancreatic secretion? Eur J
Clin Invest. 1999;29:1053-9.

Seminerio J, O'Keefe SJ. Jejunal feeding in patients with pancreatitis. Nutr
Clin Pract. 2014;29:283-6.

Maykel JA, Bistrian BR. Is enteral feeding for everyone? Crit Care Med.
2002;30:714-6.

Li H, Yang Z, Tian F. Risk factors associated with intolerance to enteral
nutrition in moderately severe acute pancreatitis: A retrospective study of
568 patients. Saudi J Gastroenterol. 2019;25:362-8.

Rubinson L, Diette GB, Song X, Brower RG, Krishnan JA. Low caloric intake
is associated with nosocomial bloodstream infections in patients in the
medical intensive care unit. Crit Care Med. 2004;32:350-7.

Dvir D, Cohen J, Singer P. Computerized energy balance and com-
plications in critically ill patients: an observational study. Clin Nutr.
2006;25:37-44.

Villet S, Chiolero RL, Bollmann MD, Revelly JP, Cayeux RNM, Delarue J, et al.
Negative impact of hypocaloric feeding and energy balance on clinical
outcome in ICU patients. Clin Nutr. 2005;24:502-9.

Heyland DK, Drover JW, MacDonald S, Novak F, Lam M. Effect of
postpyloric feeding on gastroesophageal regurgitation and pulmonary


https://doi.org/10.1002/14651858.CD010582.pub2
https://doi.org/10.1002/14651858.CD010582.pub2

Lin et al. BMC Gastroenterology (2022) 22:327

30.

31

32.

33.

34

35.

36.

37.

38.

microaspiration: results of a randomized controlled trial. Crit Care Med.
2001;29:1495-501.

Hsu CW, Sun SF, Lin SL, Kang SP, Chu KA, Lin CH, et al. Duodenal versus
gastric feeding in medical intensive care unit patients: a prospective,
randomized, clinical study. Crit Care Med. 2009;37:1866-72.
Acosta-Escribano J, Fernandez-Vivas M, Grau Carmona T, Caturla-Such J,
Garcia-Martinez M, Menendez-Mainer A, et al. Gastric versus transpyloric
feeding in severe traumatic brain injury: a prospective, randomized trial.
Intensive Care Med. 2010;36:1532-9.

Mizock BA. Risk of aspiration in patients on enteral nutrition: frequency,
relevance, relation to pneumonia, risk factors, and strategies for risk
reduction. Curr Gastroenterol Rep. 2007;9:338-44.

Schepers NJ, Bakker OJ, Besselink MG, Ahmed Ali U, Bollen TL, Gooszen
HG, et al. Impact of characteristics of organ failure and infected necrosis
on mortality in necrotising pancreatitis. Gut. 2019,68:1044-51.

Johnson CD, Abu-Hilal M. Persistent organ failure during the first week as
a marker of fatal outcome in acute pancreatitis. Gut. 2004;53:1340-4.
Brison RR, Pitts WM. Gastrointestinal complications of acute respira-
tory failure: analogy between adult respiratory distress syndrome,
gastrointestinal edema, and enteral feeding intolerance. Crit Care Med.
1989;17:841-2.

Reintam Blaser A, Deane AM, Preiser JC, Arabi YM, Jakob SM. Enteral feed-
ing intolerance: updates in definitions and pathophysiology. Nutr Clin
Pract. 2021;36:40-9.

Ritz MA, Fraser R, Tam W, Dent J. Impacts and patterns of disturbed
gastrointestinal function in critically il patients. Am J Gastroenterol.
2000;95:3044-52.

Facciorusso A, Amato A, Crino SF, Sinagra E, Maida M, Fugazza A, et al.
Definition of a hospital volume threshold to optimize outcomes

after drainage of pancreatic fluid collections with lumen-apposing
metal stents: a nationwide cohort study. Gastrointest Endosc.
2021,95(6):1158-72.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8



	Incidence and risk factors of nasogastric feeding intolerance in moderately-severe to severe acute pancreatitis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study population
	Nutrition practise
	Definitions and outcomes
	Data collection
	Statistical analysis

	Results
	Patients enrolment and characteristics
	Risk factors of gastric feeding intolerance
	Nutrition therapy

	Discussion
	Conclusion
	Acknowledgements
	References


