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Abstract: Small bowel enteral nutrition (SBEN) may improve nutrient delivery to critically ill patients
intolerant of gastric enteral nutrition. However, the optimal time and target for evaluating SBEN
efficacy are unknown. This retrospective cohort study investigates these parameters in 55 critically ill
patients at high nutrition risk (modified NUTRIC score > 5). Daily actual energy intake was recorded
from 3 days before SBEN initiation until 7 days thereafter. The energy achievement rate (%) was
calculated as follows: (actual energy intake/estimated energy requirement) x 100. The optimal
time was determined from the day on which energy achievement rate reached >60% post-SBEN.
Assessment results were as follows: median APACHE II score, 27; SOFA score, 10.0; modified NUTRIC
score, 7; and median time point of SBEN initiation, ICU day 8. The feeding volume, energy and protein
intake, and achievement rate (%) of energy and protein intake increased significantly after SBEN
(pr <0.001). An energy achievement rate less than 65% 3 days after SBEN was significantly associated
with increased mortality after adjusting for confounding factors (odds ratio, 4.97; 95% confidence
interval, 1.44-17.07). SBEN improves energy delivery in critically ill patients who are still at high
nutrition risk after 1 week of stomach enteral nutrition.

Keywords: critically ill patients; energy delivery; high nutrition risk; modified nutric score;
small bowel enteral nutrition

1. Introduction

Gastrointestinal motility disorder is a common problem among critically ill patients, independent
of morbidity and mortality [1,2]. Up to 60% of critically ill patients in intensive care units (ICU) are
reported to experience gastrointestinal dysmotility, including delayed gastric emptying, abnormal
motility patterns, and impaired intestinal barrier integrity requiring therapeutic intervention [2,3].
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Current guidelines suggest the use of a screening tool such as the nutrition risk in the critically ill
(NUTRIC) score or modified NUTRIC score to determine nutrition risk in ICU patients to initiate
early enteral nutrition (EN) therapy [4-7]. Patients with an mNUTRIC score >5 are defined as ‘high
nutrition risk” and require additional energy intake to reduce mortality [4,5,8]. Our previous study
showed that an energy achievement rate ([actual energy intake/estimated energy requirement] x 100)
below 65% in critically ill patients was associated with an increased risk of mortality (odds ratio [OR],
1.6%; 95% confidence interval [CI], 1.01-2.47) [1]. Our previous study also indicates that targeted
energy intake is an important predictor of mortality predictor in critically ill patients with high
nutrition risk [9]. Previous systematic reviews and meta-analysis have shown that the benefits of
early EN include decreased in-hospital mortality, infectious-disease morbidity, and incidence of
pneumonia [10-13].

The recommended route for early EN is through the stomach, as this route is technically
easier and thus may facilitate earlier initiation of EN [4,5]. However, small bowel EN (SBEN)
has theoretical advantages over stomach EN because it has lower risks of gastroesophageal reflux
and aspiration pneumonia. A previous multicenter randomized controlled trial (RCT) comparing
gastric to small bowel EN in critically ill patients reported no difference in clinical outcomes between
routes, including mortality, hospital days, and incidence of pneumonia [14]. Other studies observed
similar results, reporting that SBEN provides greater nutrient delivery [14-16] and has a lower risk of
pneumonia [16-18] than does gastric EN.

The American Society for Parenteral Enteral Nutrition (ASPEN) and the Society of Critical
Care Medicine (SCCM) and European Society for Parenteral Enteral Nutrition (ESPEN) guidelines
recommend that the level of infusion be diverted lower in the gastrointestinal tract in critically ill
patients at high risk for aspiration or intolerance to gastric EN [4-6]. For patients who are unable to
meet >60% of the energy and protein requirements by the enteral route alone, the use of supplemental
parenteral nutrition (PN) should be considered after 7-10 days of EN [4,5]. However, when to shift the
route of gastric EN to SBEN before PN is unclear, as is the optimal time for evaluating SBEN sufficiency
in these patients. This retrospective cohort study aims to determine the optimal time for initiating
SBEN, the critical time by which >60% of the energy goal should be achieved after SBEN and the effect
of nutrition target achievement on mortality in critically ill patients at high nutrition risk.

2. Materials and Methods

2.1. Study Design

This retrospective, observational cohort study was conducted in the respiratory intensive care unit
of Taichung Veterans General Hospital, a tertiary medical center located in central Taiwan between
January 2014 and December 2015. The study protocol was fully reviewed and approved by the
Institutional Review Board of Taichung Veterans General Hospital (IRB number, CE16028A; date of
approval, 29 January 2016), which also waived the requirement for informed patient consent due
to the retrospective study design and the availability of all de-linked data via an electronic health
record system.

2.2. Patient, ICU Setting and Nutrition Routine

The respiratory ICU has 24 beds and admits all adult medical patients, 70% of who were
diagnosed with lower respiratory tract infection-related critical illness, including sepsis, septic shock,
acute respiratory failure, and acute respiratory distress syndrome. Nutrition evaluation in the
respiratory ICU is covered by a registered dietitian. The volume-based feeding protocol has been
implemented in TVGH’s ICU since June 2015 as our previous report [1]. The modified NUTRIC score,
nutrition goal, and energy target achievement rate are routinely determined by the dietitian for every
respiratory ICU patient. The mNUTRIC score used in this study has 5 components, including (1)
age, (2) acute physiology and chronic health evaluation II (APACHE II) score, (3) baseline simplified
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organ failure assessment (SOFA) score, (4) number of comorbidities, and (5) days in hospital before
ICU admission [7]. The mNUTRIC score (0-9 points) [7,19] was calculated after ICU admission and
recorded in the electronic database. The energy achievement rate (%) was calculated as follows: (actual
energy intake/estimated energy requirement) x 100 [1]. The energy requirement was determined using
the recommendation of 25-30 kcal /kg/day, and protein intake was monitored as 1.2-2 g protein/kg
body weight/day according to the 2016 ASPEN/SCCM guidelines [4,5]. Early EN was initiated in all
critically ill patients on the first day in the respiratory ICU except in special circumstances. On the
7th ICU day, a gastroenterologist was consulted to place a transpyloric tube for small bowel enteral
nutrition (SBEN) in patients with severe malnutrition (energy target achievement rate <30%). From
January 2014 to December 2015, 60 critically ill patients were treated with SBEN in the respiratory ICU.
After excluding patients diagnosed with acute pancreatitis (n = 1) or who died within 3 days of SBEN
commencement (1 = 4), a total of 55 patients at high nutrition risk remained in the cohort for analysis.

2.3. Data Collection, Assessment, and Outcome Measures

Data were collected regarding age; sex; body mass index (BMI); and clinical outcomes, including
severity of illness (APACHE Il score at the 1st ICU day and SOFA score at the 1st, 3rd and 7th ICU days),
major comorbidities, length of ventilator dependence, length of hospital and ICU stays, laboratory data
on the first ICU day, and mortality in the ICU or hospital. The index day was the day of transpyloric
tube insertion for SBEN. Daily energy intake was recorded for stomach EN for the 3 days before the
index day and from SBEN on the index day and 7 days thereafter. The amount of actual nutrition
delivery is based on nursing documentation. We defined the average value of the 3 days before index
day as ‘before SBEN.” The daily energy intake was compared before and after SBEN. The feeding
efficiency was evaluated using the following 5 parameters: (1) actual feeding volume (mL/day);
(2) actual energy intake (kcal/day); (3) energy intake achievement rate (%); (4) actual protein intake
(g/day); and (5) protein intake achievement rate (%). The primary endpoint was a comparison of daily
feeding efficiency before and after SBEN. The optimal time was determined as the number of days
after SBEN initiation that the energy achievement rate surpassed 60%. Cox regression analysis was
used to determine whether increased energy achievement rates after SBEN are associated with lower
in-hospital mortality in this population.

2.4. Statistical Analysis

Statistical analysis was conducted using the SPSS statistical software package (version
22.0; International Business Machines Corp, Armonk, NY, USA). Categorical variables were
presented as frequency and percent and analyzed using the chi-squared test to determine
significance. For nonparametric data distribution, differences between groups were assessed using
the Mann-Whitney U test or Wilcoxon signed ranks test, and results are presented as the median and
interquartile range (IQR). Cox regression analysis was used to assess factors associated with mortality.
The strength of association is presented as the Hazard ratio (HR) and 95% Confidence interval (CI).
Receiver operating characteristic (ROC) curves were used to evaluate the discriminative ability of
energy intake achievement rates on day 3 after the initiation of small bowel feeding to identify the
survival group. All tests were two-sided, with p < 0.05 considered significant.

3. Results

Table 1 shows the demographic characteristics, severity scores, comorbidities, energy intake,
and clinical outcomes of critically ill patients. A total of 55 patients (21 women, 34 men) were
retrospectively analyzed in this study. The median mNUTRIC score of this cohort was 7 (IQR, 5-8),
and the median albumin level was 2.5 g/dL (IQR, 2.2-2.9), indicating that these patients were in
the high nutrition risk. The APACHE II and SOFA scores also indicated the high clinical severity
of this cohort. The overall ICU mortality rates and hospital mortality rates were 32.7% and 45.5%,
respectively. The most common comorbidities were cardiovascular disease, cancer, chronic obstructive
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lung disease, diabetes mellitus, uremia, and liver cirrhosis. The median time to SBEN initiation after
ICU admission was 8 days. The daily average energy intake achievement rate (%) on days 2-7 after
SBEN initiation was 57.6%, 55.9%, 61.6%, 65%, 63.8% and 66.8%, respectively. The actual daily energy
parameters of feeding efficiency, including actual feeding volume (mL/day), actual energy intake
(kcal/day), actual protein intake (g/day), energy intake achievement rate (%), and protein achievement
rate (%) before and after SBEN initiation increased significantly day by day (Figure 1). A significant
increase was observed in all feeding parameters on post-SBEN day 3 as compared to those before
SBEN (Table 2). The feeding volume increased significantly (2-fold increase; p < 0.001). The energy
intake, energy achievement rate, and actual protein intake (g/day) all increased 2-3-fold after SBEN
injtiation (p < 0.001) (Table 2).

Table 1. Demographic characteristics, severity scores, comorbidities and clinical outcomes of all
malnourished patients receiving small bowel enteral nutrition in the intensive care unit (n = 55).

Variables Median (IQR)
Age (year) 69.9 (60-79.1)
Sex (Female/Male) 21/34
Body mass index (kg/m?) 239 (21.5-27.6)
Albumin (g/dL) 2.5 (2.2-2.9)
mNUTRIC score 7 (5-8)
APACHE 1I score 27 (24-33)
SOFA day 1 10 (8-13)
SOFA day 3 (n = 54) 9 (6-12)
SOFA day 7 (n = 53) 8 (5-11.5)
Length of ICU stay (days) 21 (15-32)
Length of Hospital stay (days) 49 (28-72)
Length of ventilatory dependency (days) 27 (17-58)
Day from ICU admission to small bowel feeding 8 (5-13)
Comorbidities (1, %)
Cardiovascular disease 37 (67.3%)
Cancer 24 (43.6%)
Chronic obstructive lung disease 18 (32.7%)
Diabetes mellitus 16 (29.1%)
Uremia 11 (20.0%)
Liver cirrhosis 11 (20.0%)
Average Energy intake achievement rate (%) post SBEN
Day 2 57.6 (35.8-70.9)
Day 3 55.9 (41.4-76.7)
Day 4 61.6 (41.2-75.3)
Day 5 65.0 (42.9-78.6)
Day 6 63.8 (45.3-81)
Day 7 66.8 (48.9-83.4)
ICU mortality (1, %) 18 (32.7%)
In-hospital mortality (1, %) 25 (45.5%)

mNUTRIC, modified nutrition risk in the critically ill; APACHEII, Acute Physiology and Chronic Health Evaluation
II; SOFA, simplified organ failure assessment; ICU, intensive care unit; SBEN, small bowel enteral nutrition.
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Figure 1. Achievement rate of energy and protein intake before and after small bowel enteral nutrition
(SBEN) (1 = 49).

Table 2. Nutritional achievement of malnourished critically ill patients before and 3 days after SBEN in
malnourished critically ill patients.

Variables Before SBEN Average Post-SBEN Day 3
Actual feeding volume (mL/day) 454.0 (244.3-637.3) 948.0 (660.7-1188) **
Actual energy intakes (kcal/day) 409.2 (205.8-559.2) 907.2 (594.6-1187.6) **
Actual protein intakes (g/day) 16.4 (8.2-22.4) 36.3 (23.8-47.7) **
Energy intake achievement rate (%) 25.5 (16-33.9) 55.9 (41.4-76.7) **
Protein intake achievement rate (%) 21.3 (13.3-28.2) 46.6 (33.9-63.9) **

Values are Median (IQR). Wilcoxon Signed Ranks test; ** p < 0.01. SBEN, small bowel enteral nutrition.

Surviving and non-surviving patients were compared with respect to all parameters (Table 3).
Non-surviving patients had higher mNUTRIC and SOFA scores, longer ICU stays, and lower energy
intake achievement rates (%) on each day subsequent to SBEN initiation. In the survival group, the
median energy intake reached 60% on days 2-3 post-SBEN. In contrast, the median energy intake
achievement in the non-survival group remained below 50%, even on day 4 post-SBEN (Table 3).
A receiver operating characteristic (ROC) curve was used to evaluate the discriminative ability of
energy intake achievement rates 3 days after SBEN initiation to identify the survival group; the cutoff
value was 65% (Supplement Figure S1). In the survival group, two-thirds of the patients achieved the
energy target of 65%. In contrast, only 20% of the patients in the non-survival group achieved this goal
(Table 3).

Results of Cox regression analysis of factors associated with mortality are shown in Table 4.
Univariate analysis identified only two factors associated with mortality: SOFA score on the 7th ICU
day (HR, 1.11; 95% CI, 1.00-1.24; p = 0.047) and energy achievement rates < 65% on post-SBEN day 3
(HR, 4.58; 95% ClI, 1.55-13.53; p = 0.006). Multivariate analysis was used to investigate factors found to
be significant with the univariate analysis in addition to the mNUTRIC score, which was included in
the multivariate analysis because of its importance in ICU mortality. After adjustment for confounding
factors, multivariate analysis showed that post-SBEN day 3 energy achievement rate <65% (HR, 4.97;
95% ClI, 1.44-17.07; p = 0.011) was the only predictive factor that differed significantly between the
survival and non-survival groups. SBEN day 3 energy achievement rate >65% was associated with
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lower 30-, 60-, and 90-day mortality after adjustment for age, sex, BMI, and APACHE II and SOFA
scores in patients with high nutrition risk (Figure 2).

Table 3. Patient demographic characteristics, severity index, comorbidities, and energy intake
achievement rates in survivors and non-survivors.

Variables Non-Sug)lval b = Survival (n = 30)
Age (year) 72.9 (59.1-78.1) 67.3 (60.2-79.6)
Male (1, %) 14 (56.0%) 20 (66.7%)
Body mass index (kg/mz) 25.6 (21.1-29.8) 23.6 (21.5-26.1)
Albumin (g/dL) 24 (2.1-2.6) 2.5(2.3-3.1)
mNUTRIC score 7.0 (7-8) 6.5 (5-8) *
APACHE II score 31.0 (24.5-36) 26.0 (23.8-31)
SOFA day 1 11.0 (8.5-13.5) 10.0 (6-12.3)
SOFA-day 3 (1 = 54) 11.0 (6-12.5) 8.0 (6-11.5)
SOFA-day 7 (1 = 53) 10.0 (5.5-15) 7.5 (4-10) **
Length of ICU stay (days) 26.0 (19-38) 18.0 (13.8-25.5) *
Length of Hospital stay (days) 56.0 (24-71) 48.0 (28.8-76)
Length of ventilatory dependency (days) 27.0 (19.5-56.5) 23.0 (13.8-65.3)
Day from ICU admission to small bowel feeding 9.0 (5-15.5) 7.0 (4.8-13)
Comorbidities (11, %)
Cardiovascular disease 15 (60.0%) 22 (73.3%)
Cancer 8 (32.0%) 16 (53.3%)
Chronic obstructive lung disease 10 (40.0%) 8 (26.7%)
Diabetes mellitus 5 (20.0%) 11 (36.7%)
Uremia 7 (28.0%) 4 (13.3%)
Liver cirrhosis 7 (28.0%) 4 (13.3%)
Average of Energy intake achievement rate (%) post SBEN
2nd day 45.9 (26-65.4) 65.2 (43.2-74) *
3rd day 48.2 (27-64.1) 67.1 (49.3-82.5) **
4th days 43.5 (31.5-67) 73.0 (52-86.2) **
5th days 52.4 (29.7-68.9) 73.6 (58.7-88.8) **
6th days 53.1 (30.9-66.6) 72.5(63.1-91.3) **
7th days 50.3 (31.7-65.2) 75.4 (61.7-92.5) **
Energy intake achievement rate (%) >65 (Post SBEN 3rd day) (1, %) 5 (20.0%) 18 (60.0%) **

Values are Median (IQR). Mann—-Whitney U test. Chi-Square test. * p < 0.05, ** p < 0.01. mNUTRIC, modified
nutrition risk in the critically ill. APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, simplified
organ failure assessment ICU, intensive care unit. SBEN, small bowel enteral nutrition.

Table 4. Cox regression.

Title 1 Univariate Analysis Multivariate Analysis

Age (year) 1.01 (0.98-1.05)
Gender (Female vs. Male) 1.34 (0.60-3.01)
Body mass index (kg/m?) 0.97 (0.88-1.06)
Albumin (mg/dL) 0.51 (0.25-1.05)

mNUTRIC score 1.16 (0.85-1.59) 0.95 (0.70-1.30)
APACHE II score 1.02 (0.96-1.07)
SOFA day 1 1.00 (0.91-1.09)
SOFA day 3 1.04 (0.94-1.15)

SOFA day 7 1.11 (1.00-1.24) * 1.02 (0.91-1.15)

Energy intake achievement rate (%)
(Post-SBEN day 3) 4.58 (1.55-13.53) ** 4.97 (1.44-17.07) *

(<65°/0 VS. 2650/0)

Cox regression. * p < 0.05, ** p < 0.01. mNUTRIC, modified nutrition risk in the critically ill. APACHE II,
Acute Physiology and Chronic Health Evaluation II; SBEN, small bowel enteral nutrition.
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Figure 2. Energy achievement rate > 65% was significantly associated with lower 30-, 60-, and 90-day
mortality in patients with high nutrition risk. ** p < 0.01.

4. Discussion

The present study reports three major findings regarding malnourished, critically ill patients.
First, after 7 days of stomach EN, the initiation of adjuvant SBEN on day 8 improved energy delivery.
Second, the feeding efficiency after SBEN initiation increased significantly and reached the nutritional
goal in 3 days. Third, achieving 65% of the energy requirements by day 3 after SBEN initiation was the
key factor associated with survival.

All patients in this cohort had high mNUTRIC scores (median mNUTRIC score, 7; IQR, 5-8) and
experienced low energy achievement rates even though gastric feeding was started early, within 48 h of
ICU admission. The current ASPEN/SCCM and ESPEN guidelines recommend that nutrition support
therapy from early EN should be initiated within 24-48 h in the critically ill patient who is unable
to maintain volitional intake [4-6]. Accordingly, early EN from gastric access should be used as the
standard approach and post-pyloric feeding should be used in patients with gastric feeding intolerance
not solved with prokinetic agents [4—6]. Since current evidence does not indicate routine feeding via
SBEN [14], the right time to shift from gastric EN to SBEN has been unclear. Our observation that
SBEN initiation on day 8 improves energy delivery could be a choice of feeding route for critically
ill ICU patients with high nutrition risk. We also demonstrated SBEN could improve the feeding
efficacy for malnutrition patients with a high mNUTRIC score, therefore, further study is warranted
to determine how early is possible to initiate SBEN if failure to achieve 60% of feeding goal in ICU.
We suggest that for medical ICU patients with high mNUTRIC scores, adjuvant SBEN as early as
possible is another option before shifting to parenteral nutrition.

We also observed that SBEN significantly increased the feeding efficiency, reaching the nutritional
goal in 3 days. Previous studies demonstrated greater feeding efficiency with small bowel feeding as
compared to gastric feeding [14-16,18]. However, for critically ill patients with high nutrition risk who
fail to achieve the nutritional target after gastric tube feeding, the efficacy of SBEN before shifting to
parental nutrition (PN) has remained unclear. The current ASPEN/SCCM guidelines recommend that
supplemental PN only be considered if >60% of energy and protein requirements are not met after
7-10 days of EN because initiating PN before this time does not improve outcomes [4,5]. Our data
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suggest that for critically ill patients with mNUTRIC scores >5 and poor gastric tube feeding, SBEN for
3 days is another option before PN.

We observed that achieving 65% of the energy requirements within 3 days of SBEN initiation
is the key factor associated with survival (OR, 4.97; 95% CI, 1.44-17.07) in malnourished, critically
ill patients with high nutrition risk. Previous studies have shown that adequate nutritional support
has a significant mortality benefit in critically ill patients with a high risk of malnutrition [20,21].
Suboptimal energy delivery is an important factor associated with increased nosocomial infection,
longer duration of ventilator dependency and hospital and ICU stay, and greater mortality [1,20,22].
However, ample evidence indicates that patients with low mNUTRIC scores gain no survival benefit
from adequate nutritional support [7,9,21,23,24]. Our previous studies show that high-nutrition-risk
ICU patients who receive at least 65% of their energy requirements and consume at least 800 kcal/day
have significantly lower in-hospital, 14-day, and 28-day mortality rates [1,9]. In this study, the cut-off
value for nutritional intake distinguishing survival from non-survival was 65%, the same as that
indicated by our previous study.

This study has several limitations. First, the study was conducted at a single ICU; therefore,
the generalizability of the results may be challenged. Second, the retrospective design of the study
precludes intervention; thus, the duration of post-pyloric feeding might differ greatly between
patients. In addition, we don’t know how early is the optimal time to start SBEN by the retrospective
observational cohort study. Therefore, a prospective study design is warranted. In actual practice,
the feeding protocols vary between ICUs. This study analyzed data from a single respiratory ICU
that has a feeding protocol approved by a registered dietitian. A gastroenterologist was consulted
to evaluate transpyloric tube insertion for SBEN for patients with an energy target achievement rate
<30% on the 7th ICU day. Therefore, heterogeneity in the care and feeding protocol was minimized in
our ICU. Third, many treatments commonly administered in the ICU, such as Computed tomography
scans, invasive procedures, and gastrointestinal endoscopy, may interrupt feeding protocols. Finally,
the present results may not be generalizable to critically ill patients in a surgical ICU, as this study was
conducted only in medical ICU patients.

5. Conclusions

SBEN improves energy delivery to those critically ill patients who remain at high nutrition risk
after one week of stomach EN. The key factor determining survival in this population is the intake of
65% of the energy requirement within 3 days of SBEN initiation. For medical ICU patients with high
mNUTRIC scores, adjuvant SBEN as early as possible is another option before shifting to parenteral
nutrition if gastric EN fails to achieve 60% of the energy goal.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/2072-6643/11/3/645/s1,
Figure S1: Receiver operating characteristic (ROC) curve to determine the cutoff point for the feeding target
between surviving and non-surviving malnourished patients administered SBEN.

Author Contributions: Conceptualization, P.-K.F.; Data curation, W.-N.W., M.-EY., C.-YW., C.-Y-H.,, B.-J.L. and
P-K.F,; Formal analysis, W.-N.W., M.-EY. and P-K.F,; Funding acquisition, W.-N.W. and M.-EY.; Investigation,
W-N.W.,, M.-EY,, C-YW,, C.-YH. and P-K.F; Methodology, W-N.W., C.-Y.W., C.-Y.H. and P.-K.E; Project
administration, P.-K.F.; Resources, B.-].L.; Software, C.-Y.H.; Supervision, B.-].L. and P.-K.F,; Validation, C.-Y.W.
and P-K.F; Writing—original draft, W.-N.W., M.-EY. and P.-K.F,; Writing—review & editing, P-K.E. All authors
discussed the results and contributed to the preparation of the final manuscript. All authors read and approved
the final manuscript.

Funding: This study was funded by Taichung Veterans General Hospital (TCVGH-1056201B).

Acknowledgments: This study was based in part on data from the Taichung Veterans General Hospital Research
Database, which is managed by the Clinical Informatics Research & Development Center of Taichung Veterans
General Hospital.

Conflicts of Interest: The authors declare no conflict of interest.


http://www.mdpi.com/2072-6643/11/3/645/s1

Nutrients 2019, 11, 645 90f 10

Abbreviations

The following abbreviations are used in this manuscript:

APACHEII acute physiology and chronic health evaluation II

SBEN small bowel enteral nutrition

mNUTRIC modified nutrition risk in the critically ill

PN parenteral nutrition

References

1.  Wang, C.Y;; Huang, C.T;; Chen, C.H.; Chen, M.F,; Ching, S.L.; Huang, Y.C. Optimal Energy Delivery,

10.

11.

12.

13.

14.

15.

Rather than the Implementation of a Feeding Protocol, May Benefit Clinical Outcomes in Critically 111
Patients. Nutrients 2017, 9, 527. [CrossRef]

Ladopoulos, T.; Giannaki, M.; Alexopoulou, C.; Proklou, A.; Pediaditis, E.; Kondili, E. Gastrointestinal
dysmotility in critically ill patients. Ann. Gastroenterol. 2018, 31, 273-281. [CrossRef] [PubMed]

Taylor, RW. Gut Motility Issues in Critical Illness. Crit. Care Clin. 2016, 32, 191-201. [CrossRef]

Taylor, B.E.; McClave, S.A.; Martindale, R.G.; Warren, M.M.; Johnson, D.R.; Braunschweig, C.; McCarthy, M.S.;
Davanos, E.; Rice, T.W.; Cresci, G.A.; et al. Guidelines for the Provision and Assessment of Nutrition Support
Therapy in the Adult Critically IIl Patient: Society of Critical Care Medicine (SCCM) and American Society
for Parenteral and Enteral Nutrition (A.S.P.E.N.). Crit. Care Med. 2016, 44, 390-438. [CrossRef]

McClave, S.A.; Taylor, B.E.; Martindale, R.G.; Warren, M.M.; Johnson, D.R.; Braunschweig, C.; McCarthy, M.S.;
Davanos, E.; Rice, T.W.; Cresci, G.A.; et al. Guidelines for the Provision and Assessment of Nutrition Support
Therapy in the Adult Critically Ill Patient: Society of Critical Care Medicine (SCCM) and American Society
for Parenteral and Enteral Nutrition (A.S.P.E.N.). JPEN |. Parenter. Enter. Nutr. 2016, 40, 159-211. [CrossRef]
[PubMed]

Singer, P.; Blaser, A.R.; Berger, M.M.; Alhazzani, W.; Calder, P.C.; Casaer, M.P,; Hiesmayr, M.; Mayer, K;
Montejo, J.C.; Pichard, C.; et al. ESPEN guideline on clinical nutrition in the intensive care unit. Clin. Nutr.
2018, 38, 48-79. [CrossRef] [PubMed]

Rahman, A.; Hasan, RM.; Agarwala, R.; Martin, C.; Day, A.G.; Heyland, D.K. Identifying critically-ill
patients who will benefit most from nutritional therapy: Further validation of the “modified NUTRIC”
nutritional risk assessment tool. Clin. Nutr. 2016, 35, 158-162. [CrossRef]

Heyland, D.K,; Stephens, K.E.; Day, A.G.; McClave, S.A. The success of enteral nutrition and ICU-acquired
infections: A multicenter observational study. Clin. Nutr. 2011, 30, 148-155. [CrossRef] [PubMed]

Wang, C.Y.; Fu, PK.; Huang, C.T.; Chen, C.H,; Lee, B.J.; Huang, Y.C. Targeted Energy Intake Is the Important
Determinant of Clinical Outcomes in Medical Critically Ill Patients with High Nutrition Risk. Nutrients 2018,
10, 1731. [CrossRef]

Heyland, D.K,; Dhaliwal, R.; Drover, ] W.; Gramlich, L.; Dodek, P. Canadian clinical practice guidelines for
nutrition support in mechanically ventilated, critically ill adult patients. JPEN. . Parenter. Enter. Nutr. 2003,
27,355-373. [CrossRef]

Marik, PE.; Zaloga, G.P. Early enteral nutrition in acutely ill patients: A systematic review. Crit. Care Med.
2001, 29, 2264-2270. [CrossRef] [PubMed]

Doig, G.S.; Heighes, P.T.; Simpson, F.; Sweetman, E.A.; Davies, A.R. Early enteral nutrition, provided within
24 h of injury or intensive care unit admission, significantly reduces mortality in critically ill patients:
A meta-analysis of randomised controlled trials. Intensive Care Med. 2009, 35, 2018-2027. [CrossRef]
Dhaliwal, R.; Cahill, N.; Lemieux, M.; Heyland, D.K. The Canadian critical care nutrition guidelines in 2013:
An update on current recommendations and implementation strategies. Nutr. Clin. Pract. Off. Publ. Am. Soc.
Parenter. Enter. Nutr. 2014, 29, 29-43. [CrossRef] [PubMed]

Davies, A.R.; Morrison, S.S.; Bailey, M.].; Bellomo, R.; Cooper, D.J.; Doig, G.S.; Finfer, S.R.; Heyland, D.K.
A multicenter, randomized controlled trial comparing early nasojejunal with nasogastric nutrition in critical
illness. Crit. Care Med. 2012, 40, 2342-2348. [CrossRef]

Acosta-Escribano, J.; Fernandez-Vivas, M.; Grau Carmona, T.; Caturla-Such, ].; Garcia-Martinez, M.;
Menendez-Mainer, A.; Solera-Suarez, M.; Sanchez-Paya, J. Gastric versus transpyloric feeding in severe traumatic
brain injury: A prospective, randomized trial. Intensive Care Med. 2010, 36, 1532-1539. [CrossRef] [PubMed]


http://dx.doi.org/10.3390/nu9050527
http://dx.doi.org/10.20524/aog.2018.0250
http://www.ncbi.nlm.nih.gov/pubmed/29720852
http://dx.doi.org/10.1016/j.ccc.2015.11.003
http://dx.doi.org/10.1097/CCM.0000000000001525
http://dx.doi.org/10.1177/0148607115621863
http://www.ncbi.nlm.nih.gov/pubmed/26773077
http://dx.doi.org/10.1016/j.clnu.2018.08.037
http://www.ncbi.nlm.nih.gov/pubmed/30348463
http://dx.doi.org/10.1016/j.clnu.2015.01.015
http://dx.doi.org/10.1016/j.clnu.2010.09.011
http://www.ncbi.nlm.nih.gov/pubmed/20971534
http://dx.doi.org/10.3390/nu10111731
http://dx.doi.org/10.1177/0148607103027005355
http://dx.doi.org/10.1097/00003246-200112000-00005
http://www.ncbi.nlm.nih.gov/pubmed/11801821
http://dx.doi.org/10.1007/s00134-009-1664-4
http://dx.doi.org/10.1177/0884533613510948
http://www.ncbi.nlm.nih.gov/pubmed/24297678
http://dx.doi.org/10.1097/CCM.0b013e318255d87e
http://dx.doi.org/10.1007/s00134-010-1908-3
http://www.ncbi.nlm.nih.gov/pubmed/20495781

Nutrients 2019, 11, 645 10 of 10

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hsu, C.W,; Sun, S.F; Lin, S.L.; Kang, S.P; Chu, K.A,; Lin, C.H.; Huang, H.H. Duodenal versus gastric feeding
in medical intensive care unit patients: A prospective, randomized, clinical study. Crit. Care Med. 2009, 37,
1866-1872. [CrossRef] [PubMed]

White, H.; Sosnowski, K.; Tran, K.; Reeves, A.; Jones, M. A randomised controlled comparison of early
post-pyloric versus early gastric feeding to meet nutritional targets in ventilated intensive care patients.
Crit Care 2009, 13, R187. [CrossRef] [PubMed]

Montejo, J.C.; Grau, T.; Acosta, J.; Ruiz-Santana, S.; Planas, M.; Garcia-De-Lorenzo, A.; Mesejo, A.; Cervera, M.;
Sanchez-Alvarez, C.; Nunez-Ruiz, R.; et al. Multicenter, prospective, randomized, single-blind study
comparing the efficacy and gastrointestinal complications of early jejunal feeding with early gastric feeding
in critically ill patients. Crit. Care Med. 2002, 30, 796-800. [CrossRef] [PubMed]

Jeong, D.H.; Hong, S.B.; Lim, C.M.; Koh, Y;; Seo, J.; Kim, Y.; Min, J.Y.; Huh, ].W. Comparison of Accuracy of
NUTRIC and Modified NUTRIC Scores in Predicting 28-Day Mortality in Patients with Sepsis: A Single
Center Retrospective Study. Nutrients 2018, 10, 911. [CrossRef]

Jung, Y.T,; Park, ].Y.; Jeon, J.; Kim, M.].; Lee, S.H.; Lee, ].G. Association of Inadequate Caloric Supplementation
with 30-Day Mortality in Critically Ill Postoperative Patients with High Modified NUTRIC Score. Nutrients
2018, 10, 1589. [CrossRef]

Mukhopadhyay, A.; Henry, J.; Ong, V.; Leong, C.S.; Teh, A.L.; van Dam, R.M.; Kowitlawakul, Y. Association
of modified NUTRIC score with 28-day mortality in critically ill patients. Clin. Nutr. 2017, 36, 1143-1148.
[CrossRef] [PubMed]

Alberda, C.; Gramlich, L.; Jones, N.; Jeejeebhoy, K.; Day, A.G.; Dhaliwal, R.; Heyland, D.K. The relationship
between nutritional intake and clinical outcomes in critically ill patients: Results of an international
multicenter observational study. Intensive Care Med. 2009, 35, 1728-1737. [CrossRef] [PubMed]

Arabi, YM.; Aldawood, A.S.; Al-Dorzi, HM.; Tamim, HM.; Haddad, S.H.; Jones, G.; McIntyre, L.;
Solaiman, O.; Sakkijha, M.H.; Sadat, M.; et al. Permissive Underfeeding or Standard Enteral Feeding
in High- and Low-Nutritional-Risk Critically Ill Adults. Post Hoc Analysis of the PermiT Trial. Am. ]. Respir.
Crit. Care Med. 2017, 195, 652-662. [CrossRef] [PubMed]

Compher, C.; Chittams, J.; Sammarco, T.; Nicolo, M.; Heyland, D.K. Greater Protein and Energy Intake May
Be Associated With Improved Mortality in Higher Risk Critically Ill Patients: A Multicenter, Multinational
Observational Study. Crit. Care Med. 2017, 45, 156-163. [CrossRef] [PubMed]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1097/CCM.0b013e31819ffcda
http://www.ncbi.nlm.nih.gov/pubmed/19384225
http://dx.doi.org/10.1186/cc8181
http://www.ncbi.nlm.nih.gov/pubmed/19930728
http://dx.doi.org/10.1097/00003246-200204000-00013
http://www.ncbi.nlm.nih.gov/pubmed/11940748
http://dx.doi.org/10.3390/nu10070911
http://dx.doi.org/10.3390/nu10111589
http://dx.doi.org/10.1016/j.clnu.2016.08.004
http://www.ncbi.nlm.nih.gov/pubmed/27582120
http://dx.doi.org/10.1007/s00134-009-1567-4
http://www.ncbi.nlm.nih.gov/pubmed/19572118
http://dx.doi.org/10.1164/rccm.201605-1012OC
http://www.ncbi.nlm.nih.gov/pubmed/27589411
http://dx.doi.org/10.1097/CCM.0000000000002083
http://www.ncbi.nlm.nih.gov/pubmed/28098623
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	Patient, ICU Setting and Nutrition Routine 
	Data Collection, Assessment, and Outcome Measures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

