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Abstract

BACKGROUND

Intestinal mucosal barrier injury and gastrointestinal dysfunction are important
causes of sepsis. However, few studies have investigated the effects of enteral
underfeeding on gastrointestinal function in sepsis. Moreover, no consensus on
goal enteral caloric intake has been reached in sepsis.

AIM
To investigate the effects of different goal caloric requirements of enteral nutrition
on the gastrointestinal function and outcomes in the acute phase of sepsis.

METHODS

Patients were randomly assigned to receive 30% (defined as group A), 60% (group
B), or 100% (group C) of goal caloric requirements of enteral nutrition in this
prospective pilot clinical trial. The acute gastrointestinal injury (AGI) grades,
incidence of feeding intolerance (FI), daily caloric intake, nutritional and inflam-
matory markers, and biomarkers of mucosal barrier function were collected
during the first 7 d of enteral feeding. The clinical severity and outcome variables
were also recorded.

RESULTS

A total of 54 septic patients were enrolled. The days to goal calorie of group C
(2.55 £ 0.82) were significantly longer than those of group A (3.50 £ 1.51; P = 0.046)
or B (4.85 £ 1.68; P < 0.001). The FI incidence of group C (16.5%) was higher than
that of group A (5.0%) or B (8.7%) (P = 0.009). No difference in the incidence of FI
symptoms was found between groups A and B. The serum levels of barrier
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function biomarkers of group B were significantly lower than those of group A (P
< 0.05) on the 7th day of feeding. The prealbumin and IL-6 levels of group A were
lower than those of group B (P < 0.05) on the 7" day of feeding. No significant
differences in the clinical outcome variables or 28-d mortality were found among
the three groups.

CONCLUSION

Early moderate enteral underfeeding (60% of goal requirements) could improve
the intestinal barrier function and nutritional and inflammatory status without
increasing the incidence of FI symptoms in sepsis. However, further large-scale
prospective clinical trials and animal studies are required to test our findings.
Moreover, the effects of different protein intake on gastrointestinal function and
outcomes should also be investigated in future work.

Key Words: Enteral feeding; Enteral nutrition; Gastrointestinal function; Intestinal mucosal
barrier; Sepsis

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Few studies have investigated the effects of enteral underfeeding on
gastrointestinal function in sepsis. Moreover, no consensus on goal enteral caloric
intake has been reached in sepsis. In this study, we investigated the effects of different
goal caloric requirements (30%, 60%, and 100%) of enteral nutrition on the
gastrointestinal (including intestinal mucosal barrier) function in the acute phase of
sepsis. We found that early moderate enteral underfeeding (60% of goal requirements)
could improve the intestinal barrier function and nutritional and inflammatory status
without increasing the incidence of feeding intolerance symptoms in sepsis.

Citation: Sun JK, Nie S, Chen YM, Zhou J, Wang X, Zhou SM, Mu XW. Effects of permissive
hypocaloric vs standard enteral feeding on gastrointestinal function and outcomes in sepsis.
World J Gastroenterol 2021; 27(29): 4900-4912

URL: https://www.wjgnet.com/1007-9327/full/v27/i29/4900.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i29.4900

INTRODUCTION

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response
to infection[1-3]. Although the latest guidelines recommend a series of treatment
strategies for sepsis[1,2], the mortality of this critical illness is still approximately 20%-
50% in adults[4,5]. As an essential treatment for sepsis, enteral nutrition (EN),
especially early enteral nutrition (EEN), could improve immunologic imbalance and
alleviate the intestinal barrier injury of patients in intensive care units (ICUs)[6-9]. Our
previous clinical studies also confirmed that EEN could regulate the excessive immune
response and improve the clinical severity of critically ill patients[10,11]. However,
recent trials suggested that aggressive nutrition delivery may offer no benefit in the
early stages of critical illness[12-17]. The TARGET trail showed that augmented energy
delivery in the early phase of illness did not improve outcomes compared to standard
EN[14]. The ESICM guidelines advise that EEN (within 24-48 h) should be started at a
low dose and increased gradually if there are no contraindications[9]. The ESPEN
guidelines also advise that the initiation of “early and progressive” EN should be only
performed in sepsis without shock[18].

Until now, no consensus on goal enteral caloric intake has been reached in critically
ill patients. The EDEN trial observed that initial trophic enteral feeding for up to 6 d
(400 kcal/d), compared with full enteral feeding (1300 kcal/d), did not improve
ventilator-free days, 60-d mortality, or infectious complications in patients with acute
lung injury[19]. The PermiT Trial found that permissive enteral underfeeding was not
associated with a lower mortality compared with standard feeding (46% * 14% vs 71%
+ 22% of goal caloric requirements) in critically ill adults[17]. Systematic reviews of
clinical trials also reported that hypocaloric EN (15%-59% of caloric requirements) had
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no significantly different effects on morbidity and mortality in critically ill patients
when compared with full-energy nutrition[13,15]. However, most of the previous
studies were based on non-sepsis patients. Furthermore, few studies have investigated
the effects of enteral underfeeding on gastrointestinal function in sepsis.

Among the organ dysfunction caused by sepsis, intestinal tract is one of the most
vulnerable organs[4,5]. Accompanying by sepsis, intestinal epithelial cell damaged,
mucosal permeability increased, intestinal flora translocated, and then further
intestinal original infection developed[3,4]. Therefore, acute intestinal barrier injury
and systemic infection are a vicious cycle in critical diseases, especially in sepsis.
Accordingly, it is necessary to explore an optimal goal of enteral feeding to improve
the acute intestinal injury of sepsis. In this study, we investigated the effects of
different goal caloric requirements (30%, 60%, and 100%) of EN on the gastrointestinal
(including intestinal mucosal barrier) function in the acute phase of sepsis.

MATERIALS AND METHODS
Study design

This was a single-center, prospective, randomized clinical trial. Patients were ran-
domly assigned to receive 30%, 60%, or 100% of goal caloric requirements of EN after
enrollment. We used the complete randomization, which was based on remainder
grouping method[10]. After creating random numbers with a computer, the grouping
method (divided by three) was implemented to determine which group the patients
would be allocated into. The intervention allocation was concealed before a patient
was enrolled in this study, and patients would not be excluded from the study after
intervention allocation was unblinded. The main treatment difference of the three
groups was the goal calorie of enteral feeding, therefore, it was improbable to blind
treating clinicians to the intervention allocations. The enrolled patients were blind to
the intervention allocations. Hence, this is a single-blind randomized trial. The sample
size calculation was performed with the Power Analysis and Sample Size software
(2011) before the trial began. However, in view of the small sample size of our study,
we defined this trial as a clinical pilot study.

The study protocol was approved by the Institutional Ethics Committee of Nanjing
First Hospital (Approval Number: KY20180713-01), and informed consent was
obtained from patients’ first-degree relatives. The study was also registered at Clinical
Trials.gov (ID: NCT03791866). Figure 1 shows the flow diagram of the participants.

Patients

From October 2018 to March 2020, all adult patients (aged 18-70 years) admitted to
Department of Critical Care Medicine of Nanjing First Hospital with sepsis diagnosed
were enrolled in this study. The diagnostic criteria for sepsis were in compliance with
the surviving sepsis guidelines[2,3]. Patients with inflammatory bowel disease, di-
gestive tract hemorrhage, ileus, severe abdominal hypertension (intra-abdominal
pressure > 25 mmHg) or abdominal compartment syndrome, malnutrition, immuno-
deficiency, or chronic organ dysfunction (e.g., hepatic or renal dysfunction), and
patients with a history of long-term use of hormones were excluded. All patients
received specialized critical care for sepsis as needed, including oxygen administration
or mechanical ventilation (MV), antimicrobial therapy, vasopressor administration,
fluid resuscitation, glucose control, analgesia and sedation, or renal replacement the-
rapy[1,2,20].

Nutrition protocols

Before EN started, a nasogastric or nasojejunal feeding tube (size 10F, Flocare, Nutricia
Ltd) was inserted as needed. The nasojejunal tube was intubated using our novel
method of bedside post-pyloric placement[10,21]. The enteral feeding began within 24-
48 h of enrollment if there were no contraindications. A peptide-based formula
(Peptisorb, Nutricia Ltd) was provided in the first 24-48 h, and if the patients were
tolerant, whole protein formula (Nutrison Fibre, Nutricia Ltd) was provided gradually
[10]. The goal caloric requirement was determined as 20-25 kcal/kg per day, and the
protein need was determined as 1.2-2.0 g/kg/d[9,10,18]. Patients were randomly
assigned to receive 30%, 60%, or 100% of goal caloric requirements of nutrition. The
EN feeding was started at a slow rate (10-20 mL/h) while carefully monitoring
abdominal/ gastrointestinal symptoms[9]. If patients were intolerant because of high
gastric residual volume (> 500 mL), diarrhea, nausea, vomiting, or abdominal
distension, we slowed down the feeding rate, diluted the feeding concentration, or
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67 patients eligible for
this study

11 excluded:
»| 7 meeting exclusion criteria
3 declined to participate

18 randomized to receive
30% goal caloric enteral
nutrition

1 lost to follow-up

1 other
56 randomized
Y
19 randomized to receive 19 randomized to receive
60% goal caloric enteral 100% goal caloric
nutrition enteral nutrition
Y
1 lost to follow-up 0 lost to follow-up
Y
17 analysed 18 analysed 19 analysed

Figure 1 Flow diagram of the participants.
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used prokinetic agents.

Parenteral nutrition (PN) was supplemented if the enteral nutrition could not
achieve > 60% of the goal caloric requirements after 7 d[8,9,18]. The goal caloric
requirement of PN was determined as 20-25 kcal/kg per day, and the calorie/nitrogen
ratio was determined as 120-150:1[8,18]. Fifty to seventy percent of the total caloric
requirements were supplied by glucose, whereas the provision of lipids was based on
serum triglyceride levels. Moreover, sufficient electrolytes, insulin, vitamins, and trace
elements were also provided.

Definitions
Sepsis was defined as life-threatening organ dysfunction caused by a dysregulated
host response to infection, and septic shock was defined as a subset of sepsis with
circulatory and cellular/metabolic dysfunction that was associated with a higher risk
of mortality[1-3]. The definition of acute respiratory distress syndrome (ARDS) was
based on the Berlin definitions[22,23]. The diagnostic criteria for acute kidney injury
(AKI) were in accordance with the 2012 Kidney Disease: Improving Global Outcomes
guidelines[24]. Acute gastrointestinal injury (AGI) was defined as a malfunction of the
gastrointestinal tract due to acute illness and was categorized into four grades (I to IV)
according to its severity[25,26]. AGI grade I was defined as an increased risk of
developing gastrointestinal dysfunction or failure (a self-limiting condition); AGI
grade II was defined as gastrointestinal dysfunction (a condition that requires
interventions); AGI grade III was defined as gastrointestinal failure (gastrointestinal
function cannot be restored with interventions); AGI grade IV was defined as marked
gastrointestinal failure (a condition that is immediately life-threatening)[25,26].
Feeding intolerance (FI) syndrome was a general term indicating intolerance of
enteral feeding for whatever clinical reason (vomiting, high gastric residuals, diarrhea,
occurrence or worsening of bowel dilatation, gastrointestinal bleeding, presence of
entero-cutaneous fistulas, etc.)[25,26]. Diarrhea was defined as having three or more
loose or liquid stools per day with a stool weight greater than 200-250 g/d (or greater
than 250 mL/d)[26]. High gastric residuals was considered if the gastric residual
volume (GRV) was > 500 mL/6 h[26]. Intra-abdominal hypertension (IAH) was
defined if intra-abdominal pressure (IAP) was 12 mmHg or higher, confirmed by at
least two measurements, 1-6 h apart[26]. Paralysis of the lower GI tract (paralytic ileus)
was defined as the inability of the bowel to pass stool due to impaired peristalsis[26].
Clinical signs of paralytic ileus included absence of stool for three or more consecutive
days without mechanical obstruction. Multiple organ dysfunction syndrome (MODS)
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was defined as the combined dysfunction of two or more organs.

Data collection

On admission to ICU, the baseline clinical data, including age, sex, body mass index,
and the etiology of sepsis, were recorded. The acute physiology and chronic health
evaluation II (APACHE II) scores and sequential organ failure assessment (SOFA)
scores were collected on days 1, 3, and 7 after admission. The AGI grades, number of
patients with FI symptoms, frequency of FI symptoms, days to goal calorie, and actual
daily caloric intake were also registered. Since there is no “gold standard” to define the
malnourished ICU patients[18,27], we used general clinical assessment markers
(albumin, prealbumin, IL-6, and IL-10) to reflect nutritional and inflammatory status
according to previous reports[27,28]. The levels of albumin, prealbumin, IL-6, and IL-
10 in peripheral blood were tested on days 1, 3, and 7 after admission. Meanwhile, the
levels of mucosal barrier function biomarkers, including diamine oxidase (DAO), D-
lactate, and intestinal fatty acid binding protein (iFABP)[29-31], were also measured.
Serum IL-6, IL-10, DAO, D-lactate, and iFABP levels were detected with commercially
available Human Quantikine enzyme-linked immunosorbent assay (ELISA) kits (R
and D Systems, Bio-Techne Corporation, United States) according to the manufac-
turer’s instructions. The number of patients receiving MV or continuous renal re-
placement therapy (CRRT) was recorded. The MV-free days, CRRT-free days, and
ICU-free days in 28 d of ICU admission, as well as MODS incidence and 28-d
mortality, were also collected.

Statistical analysis

The Kolmogorov-Smirnov test was first performed to test the normal distribution of
the data. Normally distributed data are expressed as the mean * SD and were
compared by ¢t tests. Non-normally distributed data are expressed as the median
(interquartile ranges) and were compared by the Mann-Whitney U test or the Kruskal-
Wallis test. Categorical variables are presented as absolute numbers or percentages
and were analyzed using the y? test or Fisher’s exact test. To take into account the
repeated nature of the variables, analysis of variance (ANOVA) for repeated
measurements of the general linear model was implemented. Survival curves for up to
28 d of enrollment were performed using the Kaplan-Meier method and were
compared by the log-rank test. IBM Statistical Package for the Social Sciences (SPSS,
version 22.0, NY, United States) software was used for statistical analyses, and two-
sided P < 0.05 was considered statistically significant. The statistical methods of this
study were reviewed by Qiao Liu, a biostatistician from the Center for Disease Control
and Prevention of Jiangsu Province, China.

RESULTS

As shown in Figure 1, a total of 54 septic patients were enrolled in this study.
Seventeen patients were randomly assigned to receive 30% of goal caloric require-
ments of nutrition (defined as group A), 18 received 60% (defined as group B), and 19
received 100% (defined as group C). The demographic data and clinical parameters of
the patients on admission are shown in Table 1. Forty-two (42/54, 77.8%) patients had
initial AGI, of whom 13 had AGI grade I, 24 had AGI grade II, and 5 had AGI grade III
on admission. Sixteen (16/54, 29.6%) patients had FI symptoms during the first 7 d of
enteral feeding. Forty-nine (49/54, 90.7%) patients received MV, and 20 (20/54, 27.0%)
patients received CRRT. The 28-d mortality was 25.9% (14/54) in hospital stay.

Gastrointestinal function and nutritional variables

During the 7 d of enteral feeding, no significant differences in the AGI grades were
found among the three groups (Figure 2A). The days to goal calorie of group C (2.55
0.82) were significantly longer than those of groups A (3.50 £ 1.51; P = 0.046) and B
(4.85 + 1.68; P < 0.001) (Figure 2B). However, no difference in the days was found
between groups A and B (P = 0.077). Figure 2C shows the differences in the actual
daily caloric intake among the three groups. The daily caloric intakes of group A were
all significantly lower than those of group C during the 7 d of enteral feeding (P <
0.001). The daily intakes of group A were significantly lower than those of group B
from the 2th day of enteral feeding (P < 0.01). The daily intakes of group B were
significantly lower than those of group C from the 3th day of enteral feeding (P < 0.05).
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Table 1 Demographic data and clinical parameters on admission

Variable Value

Age (yr) 67.0 (63.0-72.3)
Sex (Male:female) 29:25

BMI (kg/m?) 24.3 (21.5-27.0)

Etiology of sepsis, 11 (%)

Abdominal infection 27 (50.0)
Thoracic/pulmonary infection 10 (18.5)
Blood stream infection 6 (11.1)
Urinary infection 6 (11.1)
Mucocutaneous infection 3(5.6)
Other 2(3.7)

Initial AGI grade, n (%)

I 13 (31.5)

I 24 (55.6)

I 5 (13.0)
APACHEII score 22.0 (19.5-27.8)
SOFA score 9.5 (8.0-11.8)
Feeding intolerance, n (%) 16 (29.6)

Need for MV, 1 (%) 49 (90.7)

Need for CRRT, 1 (%) 20 (37.0)
MV-free days 19.5 (1.8-22.8)
CRRT-free days 23.0 (13.3-27.0)
ICU-free days 17.0 (0.0-22.8)
MODS, n (%) 20 (37.0)
Death, 2 (%) 14 (25.9)

BMI: Body mass index; AGI: Acute gastrointestinal injury; APACHE II: Acute physiology and chronic health evaluation II; SOFA: Sequential organ failure
assessment; MV: Mechanical ventilation; CRRT: Continuous renal replacement therapy; ICU: Intensive care unit; MODS: Multiple organ dysfunction
syndrome.

As shown in Table 2, 16 (16/54, 29.6%) patients had FI symptoms during the first 7
d of enteral feeding. The proportion of patients with FI symptoms of group A was
significantly lower than that of group C (11.8% vs 52.6%, P = 0.019). However, no
difference in the proportion was found between groups B and A (P = 0.658) or C (P =
0.057). Table 3 shows the differences in the incidence of single FI symptom among the
three groups. A total of 39 FI symptoms were observed during the 7 d of enteral
feeding, and diarrhea was the most common manifestation. Although the total
frequency of FI symptoms was different (P = 0.009) among the three groups, no
difference in the incidence of single symptom (except for diarrhea, P = 0.046) was
found. Moreover, there was no difference in the incidence of all symptoms between
groups A and B.

Comparison of the levels of intestinal barrier biomarkers among the three groups is
presented in Figure 3. The serum concentrations of DAO, D-lactate, and iFABP of
group B were significantly lower than those of group A (P < 0.05) on the 7th day of
feeding. The serum concentrations of the three biomarkers of group C were only
numerically lower than those of group A on the 7th day of feeding (P > 0.05). Figure 4
shows the differences in the levels of nutritional and inflammatory markers among the
three groups. The prealbumin level (mg/L) of group A was lower than those of groups
B (71.09 + 20.23 vs 103.33 + 40.45, P = 0.031) and C (71.09 + 20.23 vs 110.62 + 37.05, P =
0.008) on the 7th day of feeding. The IL-6 level (pg/L) of group A was higher than that

WJG | https://www.wjgnet.com 4905 August7,2021 | Volume27 | Issue29 |

Jaishideng®



Sun JK et al. Hypocaloric feeding and gastrointestinal function

Table 2 Number of patients with feeding intolerance and clinical severity and outcome variables

Group A (n=17) Group B (n=18) Group C (n=19) Pvalue
Feeding intolerance, n (%) 2 (11.8) 4(222) 10 (52.6) 0.019
MV-free days 19.0 (0.0-21.0) 22.0 (1.0-25.0) 18.0 (4.0-22.5) 0.347
CRRT-free days 20.0 (12.0-28.0) 26.0 (7.8-28.0) 22,0 (14.5-28.0) 0.778
ICU-free days 19.0 (0.0-23.0) 19.0 (0.0-21.8) 16.0 (0.0-21.0) 0.572
MODS, 7 (%) 6 (35.3) 8 (44.4) 6 (31.6) 0.709
Death, 1 (%) 4(23.5) 5 (27.8) 5 (26.3) 0.856

Group A: Patients were assigned to receive 30% of goal caloric requirements of enteral nutrition; Group B: Patients were assigned to receive 60% of goal
caloric requirements of enteral nutrition; Group C: Patients were assigned to receive 100% of goal caloric requirements of enteral nutrition. MV: Mechanical
ventilation; CRRT: Continuous renal replacement therapy; ICU: Intensive care unit; MODS: Multiple organ dysfunction syndrome.

Table 3 Incidence of feeding intolerance symptoms, n (%)

Group A (n=17x7) GroupB (n=18x7) GroupC (n=19x7) P value
Feeding intolerance 6 (5.0) 11 (8.7) 22 (16.5) 0.009
Nausea or vomiting 2 (1.7) 3(2.4) 3(2.3) 0.758
Diarrhea 2(1.7) 2 (1.6) 8 (6.0) 0.046
Abdominal pain 0 (0.0) 0 (0.0) 1(0.8) 0.238
Abdominal distention 1(0.8) 2 (1.6) 6 (4.5) 0.054
High gastric residuals 1(0.8) 2 (1.6) 2 (1.5) 0.653
IAH 0(0.0) 1(0.8) 1(0.8) 0.422
Paralytic ileus 0(0.0) 1(0.8) 1(0.8) 0.444

Group A: Patients were assigned to receive 30% of goal caloric requirements of enteral nutrition; Group B: Patients were assigned to receive 60% of goal
caloric requirements of enteral nutrition; Group C: Patients were assigned to receive 100% of goal caloric requirements of enteral nutrition. IAH: Intra-

abdominal hypertension.

JBaishideng®

of group B (115.54 + 72.37 vs 62.00 + 35.59, P = 0.028) on the 7th day of feeding.
However, no difference in the IL-6 level was found between groups B and C (P =
0.126). No significant differences in the albumin and IL-10 levels were found among
the three groups.

These results indicated that 60% of goal caloric requirements of enteral feeding may
reduce the injury of intestinal barrier and improve the nutritional and inflammatory
status without increasing the incidence of FI symptoms compared with 30% of goal
caloric requirements. On the other hand, 60% of goal caloric requirements may
decrease the incidence of FI symptoms without deteriorating the intestinal barrier
function and nutritional status compared with 100% of goal caloric requirements.

Clinical severity and outcome variables

During the 7 d of ICU admission, no significant differences in the APACHE II scores or
SOFA scores were found among the three groups (P > 0.05; Figure 5A and B). As
shown in Table 2, no differences in the MV-free days, CRRT-free days, ICU-free days,
MODS incidence, or 28-d mortality were found among the three groups (P > 0.05). The
results of survival analysis (Figure 5C) also confirmed that the survival probability of
patients was not affected by different goal caloric requirements (30%, 60%, and 100%)
of enteral feeding in the acute phase of sepsis.

DISCUSSION

This clinical pilot study investigated the effects of different goal caloric requirements
(30%, 60%, and 100%) of enteral feeding on gastrointestinal function and outcome of
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sepsis in its acute phase. We found that 60% of total enteral feeding may improve the
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Nutrition therapy is a crucial medical treatment during the acute phase of critical
illness. Unfortunately, recent trial findings and guideline recommendations continued
to be conflicting, making the translation of evidence into practice challenging[6,27]. No
complete consensus has been reached on the estimation of energy expenditure, timing
of feeding, choice of enteral or parenteral nutrition, protein and energy requirement,
and monitoring of nutrition in sepsis. A literature review suggested that full feeding in
the acute phase of critical illness did not provide an advantage over trophic feeding
and may be harmful[6]. In sepsis, more or less nutrition delivery is an updated focus
under exploration. Van Niekerket al[32] suggested that less nutrition supply may be
beneficial during sepsis. However, the PROCASEPT study indicated that low protein
intake or caloric restriction may not be of benefit in septic patients[33,34], and
overfeeding during days 4-7 was related to a lower 6-mo mortality, compared with
low caloric intake[34]. Due to the lack of direct or indirect calorimetric system of
energy metabolism, we used the most commonly predictive equations to estimate the
goal energy requirement of patients (20-25 kcal/kg per day) according to ASPEN and
ESPEN guidelines[8,18]. We found that more (100%) or less (30% or 60%) enteral
nutrition was not associated with the clinical outcomes, including 28-d mortality. This
finding was not contradictory to the previous reports[13,17]. Nevertheless, moderate
(60%) enteral nutrition may be beneficial to the gastrointestinal function and feeding
tolerance during acute phase of sepsis.

Gastrointestinal dysfunction is common and closely related to adverse outcomes in
critically ill patients[25]. AGI is often caused by severe trauma, infection, sepsis, shock,
and other critical diseases[25]. Accompanied by that, intestinal epithelial cell damaged,
mucosal permeability increased, intestinal flora translocated, and then intestinal
infection and MODS developed[25,26]. Therefore, improving the intestinal barrier
injury was considered to be an important measure in the treatment of sepsis. EEN was
proven to regulate excessive immune response and maintain the intestinal barrier
function of critically ill patients[6,9,27]. The results of our study were consistent with
the previous studies. However, we found that full enteral feeding increased the
incidence of FI symptoms without improving the intestinal barrier function and
nutritional and inflammatory status, compared with underfeeding. This phenomenon
also revealed that enteral underfeeding, especially 60% of goal caloric requirements,
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may be beneficial to sepsis. The underlying mechanisms of permissive underfeeding
were proposed by a recent review[32]: Suppression of early feeding may result in a
synergistic potentiation of catabolism and then promote cell survival and enhance
immune function in sepsis. But further clinical and animal studies are required to
verify this theory.

FI is the most commonly encountered challenge during enteral feeding in critically
ill patients. Hu et al[35] reported that FI incidence was approximately 24% during the
first week of ICU stay, and persistent FI was an independent risk factor for mortality
in critically ill patients. A newly large-scale analysis of a multicenter, multiyear
database showed that burn, gastrointestinal dysfunction, and sepsis were more likely
to result in enteral feed intolerance, compared with respiratory-related illness, and
enteral feed intolerance is associated with lower enteral nutrition delivery and worse
clinical outcomes in mechanically ventilated critically ill patients[36]. Hence, pre-
vention and optimal management of FI may improve nutrition delivery and clinical
outcomes in important “at risk” populations. The FI incidence of this study was 29.6%
during the first 7 d of enteral feeding in sepsis. Compared with full enteral feeding,
60% or 30% of total enteral feeding decreased the incidence of FI symptoms. However,
30% of total enteral feeding did not improve the nutritional and inflammatory status
compared with 100% or 60% of total enteral feeding. It means that moderate under-
feeding (60% of goal requirement) might be a preferable prevention and management
strategy for FI and undersupply in sepsis. No difference in 28-d mortality among the
three groups of different enteral intakes might be explained by our small sample size
and single disease design, and large-scale prospective clinical studies are needed.

Some limitations of this study should be discussed. Due to our single-center design
and small sample size, the results may not be generalizable, and the conclusions
should be confirmed by large-scale clinical prospective trials. Moreover, the effects of
different protein intake on gastrointestinal function and outcomes were not invest-
igated. Finally, because our variables were only recorded for 1 wk, the later effects of
enteral feeding on gastrointestinal function and outcomes should be researched in
future clinical trials.
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CONCLUSION

This clinical pilot study found that early moderate underfeeding (60% of goal
requirements) could improve the intestinal barrier function and nutritional and
inflammatory status without increasing the incidence of FI symptoms in sepsis. No
difference in the clinical outcomes was found among the three groups of different
enteral intakes. However, further large-scale prospective clinical trials and animal
studies are required to test our findings. Moreover, the effects of different protein
intake on gastrointestinal function and outcomes should also be investigated in future
work.

ARTICLE HIGHLIGHTS

Research background
Few studies have investigated the effects of enteral underfeeding on gastrointestinal
function in the acute phase of sepsis.

Research motivation
No consensus on goal enteral caloric intake has been reached in sepsis.

Research objectives
To investigate the effects of different goal caloric requirements of enteral nutrition on
the gastrointestinal and outcomes in the acute phase of sepsis.

Research methods

Patients were randomly assigned to receive 30%, 60%, or 100% of goal caloric
requirements of enteral nutrition in this prospective pilot clinical trial. The gas-
trointestinal function, nutritional and inflammatory markers, clinical severity, and
outcome variables were recorded.

Research results

Early moderate enteral underfeeding (60% of goal requirements) could improve the
intestinal barrier function and nutritional and inflammatory status without increasing
the incidence of feeding intolerance symptoms in sepsis. No significant differences in
the clinical outcome variables or 28-d mortality were found.

Research conclusions

Early moderate enteral underfeeding could improve the intestinal barrier function and
nutritional and inflammatory status without increasing the incidence of feeding
intolerance symptoms in sepsis.

Research perspectives

It is necessary to explore an optimal goal of enteral feeding to improve the acute
intestinal injury in sepsis. In this study, we investigated the effects of different goal
caloric requirements (30%, 60%, and 100%) of enteral nutrition on the gastrointestinal
function in sepsis. Further large-scale prospective clinical trials and animal studies are
required to test our findings.
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