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Abstract
Enteral Nutrition (EN) prevents malnutrition and promotes recovery in critically
ill patients. Despite the benefits, current EN formulations are associated
with concerns like gastrointestinal intolerance, electrolyte imbalances, and
hyperglycemia. Balanced EN formulations improve recovery, reduce hospital
stays, and enhance patient outcomes. This study evaluated efficacy and
tolerability of a novel balanced EN formula in supporting patient recovery and
reducing length of hospital stay in critically ill patients. The study included
19 hospitalized critically ill patients aged ≥18 years, with mean (SD) age of
52.4(14.98) years. EN intake wasmonitored for aminimum of 3-14 days or until
discharge. Target calorie and protein intakes were evaluated in accordance
with ASPEN/ESPEN guidelines 2019. The analysis of target macronutrient
intake reported adequate levels in 17 (89.5) patients, with a mean (SD) daily
caloric intake of 1737 (582.1) kcal, and 95% Class Interval (CI) ranging from
1646 to 1828 kcal. The mean (SD) of daily protein intake was 82.9 (27.78)
grams. The mean (SD) hospital stay was 12.7 (9.39) days, with a Interquartile
range (IQR) of 11 (7.0;18.0) days and a median of 8 days. Most patients
showed improvements in micronutrient profiles and achieved electrolyte
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homeostasis without hyperglycemic episodes. Notably, no gastrointestinal (GI)
complications were observed, and no prokinetic agents were administered,
indicating tolerability and acceptance of the formula. No serious adverse events
(SAEs) were reported. These findings suggest that the novel EN formula is
effective in supporting the recovery of critically ill patients, while demonstrating
favourable safety and tolerability profile.

Keywords: Critical Illness; Nutritional Support; Enteral Nutrition; Macronutrients;
Micronutrients; Gastrointestinal Tract; Feed Tolerance; Prokinetics; ESPEN Guidelines

1 Introduction
Nutrition is essential for overall health
maintenance (1) with its importance mag-
nified in critically ill patients due to
increased energy demands, insufficient
intake, impaired absorption, and height-
ened catabolic stress. (2,3) Malnutrition
during hospitalization causes increased
complications, prolonged hospital stays,
and impaired immune responses, thereby
elevating the risk of nosocomial infec-
tions. (4) Numerous studies have high-
lighted the prevalence of malnutrition
among hospitalized patients. Globally,
the prevalence of malnutrition among
critically ill patients ranges from 38%
to 78%, highlighting a significant health
concern, with prevalence rates of 78.1%
in developing countries and 50.8% in
developed countries. (5,6) In India, evi-
dence from Indian hospitals indicates
that patients frequently experience inad-
equate nutritional intake upon admis-
sion. (7)

Patients with minimal or no oral
intake, particularly those in the intensive
care unit (ICU) formore than 48 hours, (3)
are at elevated risk for malnutrition. (8) In
order to mitigate the risk and promote
optimal outcomes of such scenarios, arti-
ficial nutrition either enteral or parenteral
nutritions is recommended. (9) Enteral
Nutrition (EN) administers nutrients
directly to the gastrointestinal tract, (10)
and should be initiated within 48 hours
in critically ill patients. (8) EN is preferred
in ICU patients as it delays or halts the
catabolic response, preserves intestinal
integrity, reduces bacterial transloca-
tion, stimulates the immune response,
promotes tissue healing, and decreases

the risk of infections. (11) Specifically,
EN reduces complications, shortens the
length of hospital stay, and lowersmortal-
ity rates in critically ill patients. (12)EN is
superior to parenteral nutrition in nutri-
ent delivery, offering enhanced safety,
greater efficacy, lower cost, and pre-
vention of gastrointestinal atrophy. (13,14)
According to the ESPEN guidelines, the
daily recommended enteral nutrition for
critically ill patients includes an energy
intake of 20–25 kcal/kg/day and a protein
intake of 1.3 g/kg/day. (15)

Adequate Medical Nutrition Ther-
apy (MNT), with balanced macro and
micronutrients, antioxidants, and anti-
inflammatory elements, help critically ill
patients in meeting their energy require-
ments. (16) Despite the advantages, exist-
ing enteral formulas have inadequately
addressed several concerns like gastroin-
testinal intolerance, (17) electrolyte distur-
bances (18) and hyperglycemia. (19) Addi-
tionally, complications such as diarrhea,
vomiting, and nausea, are persistant with
the existing EN formulas. (20) Other chal-
lenges, such as ensuring the appropri-
ate enteral formula, the effective deliv-
ery of prescribed nutritional therapy,
and feed interruptions, further exacer-
bate the complexities associated with
existing EN formulations. (21) Strategies
such as employing a low-fat enteral for-
mula, administering prokinetic agents,
and reducing the infusion rate were
explored. (22) Currently, there is no vali-
dated adherence rate for EN formulations
that guarantees therapeutic outcomes
and address the complications, related to
formula tolerance, which are usually con-
sidered under non-adherence. (23)
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These challenges have prompted the development of a
nutritionally balanced novel EN formula. This study aimed
to evaluate the effectiveness and tolerability of the novel EN
formula in critically ill patients. Specifically assessing the
formula’s ability to achieve the prescribed nutritional targets,
its impact on reducing hospital stays, and its potential to
minimize gastrointestinal complications. This study focused
on improving the patient outcomes, and enhancing overall
nutritional care in critically ill patients.

2 Methods

2.1 Study Design and population

Aprospective, open-label, single-arm,multicentred interven-
tional studywas conducted across three sites in India between
December 2022 and January 2024, adhering to the princi-
ples outlined in the Declaration of Helsinki and Good Clini-
cal Practice (GCP) guidelines. The sudy was approved by the
EthicsCommittee (EC), and registeredwith theClinical Trials
Registry of India (CTRI/2022/12/047818).The study included
haemodynamically stable patients aged ≥18 years, admitted
to ICU and requiring enteral nutrition support as per physi-
cian discretion for aminimumof 3-14 days or until discharge.
Informed consent was obtained from the patients themselves
or their next-of-kin. Exclusion criteria included patients con-
traindicated for nasogastric or naso-enteric tube placement
and enteral feeding, patients who underwent Percutaneous
Endoscopic Jejunostomy (PEJ), Percutaneous Endoscopic
Gastrostomy (PEG) and Surgical Jejunostomy (SJ) 6 months
back or any other procedure and with a risk of refeeding syn-
drome, pregnant or breastfeeding women, patients who were
already enrolled in another trial/study within 30 days before
screening and those with any other clinical conditions. were
also excluded from the study.

2.2 Study Procedure

The study was conducted in collaboration with health care
professionals. The participants were explained the purpose
of the study and informed consent was obtained from each
patient before commencing any study-related activities. A
comprehensive range of data was collected including demo-
graphic information, personal history, medical history, sur-
gical history, as well as physical and systemic examinations,
vital signs and details of concomitant medications. Labora-
tory tests were conducted, to measure fasting blood sugar
(FBS), postprandial blood sugar (PPBS), liver profile, com-
plete blood count (CBC), renal profile, blood urea nitrogen
(BUN), serum creatinine, serum pre-albumin, and levels of
micronutrients such as Zn, Vitamin C, Mg, Potassium, and
Phosphorus before and after the study.

2.3 Study Intervention

The intervention is an energy-dense, high-protein, low
glycemic index (39±3) EN formula, designed to provide
comprehensive nutritional support. It contains 25 essential
micronutrients, ensuring a nutritionally balanced composi-
tion. The formula was designed with a 3:1 ratio of whey pro-
tein concentrate (a fast-acting protein) to calcium caseinate
(a slow-acting protein) promoting prolonged muscle pro-
tein synthesis. Additionally, the EN formula is enriched with
medium-chain fatty acids (MCTs), which are rapidly metabo-
lized to provide immediate energy. The inclusion of carnitine
and taurine supports lipid and glucose metabolism, improv-
ing fat malabsorption and maldigestion, thereby enhancing
gastrointestinal tolerance. This EN formula was titrated from
1 kcal to 2 kcal per milliliter, facilitating smooth tube flow
and offering a flexible approach to meet varying energy needs
based on patient requirements.

2.4 Method of Preparation

The study intervention provides 440 kcal of energy and 21
grams of protein per 100 g. The EN formula, when 50 g is
dissolved in 200 ml of water, provides 1 kcal/ml of energy.
Similarly, 50 g of the study EN formula can be dissolved in
125ml, 110ml, or 90ml of water to provide 1.52 kcal/ml, 1.69
kcal/ml, and 2 kcal/ml of energy, respectively. This flexibility
allows the formula to cater to both isocaloric and hypercaloric
nutritional requirements based on individual patient needs.

2.5 Method of Analysis

To comprehensively assess the various parameters following
enteral nutrition (EN) administration, the study employed
the following analytical methodologies: Biochemical assess-
ments were conducted using the COBAS 8000 analyzer to
evaluate fasting blood glucose levels (adjusted for age and
diabetic status), serum potassium, and serum phosphorus.
Hematological profiles were determined using the UNICEL
DXH 600 analyzer, which measured leukocyte count, ery-
throcyte count, hemoglobin concentration, platelet count,
and hematocrit. Zinc levels were quantified through Nexlon
2000B Inductively Coupled Plasma Mass Spectrometry (ICP-
MS), while Vitamin C concentrations were analyzed using
High-Performance Liquid Chromatography (HPLC).

2.6 Study Outcomes

The primary outcome was the evaluation of the achieve-
ment of targeted macronutrient levels (caloric and protein
intake) within the prescribed timeframe and their impact on
the duration of hospital stay. Secondary outcomes included
the assessment of micronutrient levels (Vitamin C, magne-
sium, and minerals such as zinc, potassium, and phosphorus)
and the incidence of feed-related adverse events, including
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abdominal pain, distension, vomiting, and diarrhea. Hema-
tological parameters were measured from baseline to the end
of the study. Feed tolerance was evaluated by monitoring
feed interruptions to assess the overall impact of the formula
on patient health and recovery. Patient compliance with the
intervention was monitored using a patient diary.

2.7 Statistical Analysis

All continuous data (such as age, blood tests and biochemical
parameters) were summarized and presented as mean with
standard deviation and 95% confidence intervals (CI). Cat-
egorical and nominal data were presented in numbers and
percentages. The duration in the hospital (Survival propa-
bility) was estimated using a Kaplan-Meier (KM) plot and
descriptively presented with 95% confidence intervals. Statis-
tical analysis was performed using SAS V9.4.

3 Results

3.1 Patient Demographics

Of the 19 patients enrolled, 16 patients completed the study.
The mean (SD) age was 52.4 (14.98) years, with a gender
distribution of (57.9%) males and (42.1%) females. The
comprehensive baseline demographics of the patients are
detailed in (Table 1).

3.2 Achievement of desired target
macronutrients and No.of Days in Hospital

Among 19 enrolled patients, 17(89.5%) patients achieved the
desired target macronutrient levels. The mean (SD) duration
of days in hospital was 12.7 (9.39) days with a median
duration of 8.0 days. Similarly, themean (SD) duration of ICU
stay was 12.6 (9.30), with a median of 8.0 days and an IQR of
11.0 (7.0 to 18.0) days. (Table 2 )

The prescribed daily feeds and the volume of feeds
delivered fromday 1 to day 14were administered according to
the feeding schedule at the physician’s discretion, as illustrated
in Figure 1. Subsequently, starting from Day 6, most of the
patients recovered and were discharged.

3.3. Achieving Target Macronutrients
(Calories)

The overall mean (SD) of achieved target caloric intake was
1737 (582.1) kcal, with a median of 2200 kcal and a 95% CI
ranging from 1646 to 1828 kcal, while the overall planned
caloric intake mean (SD) was 1602 (314.1) kcal (Figure 2).

Table 1. Demographic and Baseline Characteristics
Baseline Characteristics Full Analysis Set (N=19)

Age (in years)

N 19

Mean (SD) 52.4(14.98)

Median 59

IQR (Q1; Q3) 19.0(43.0; 62.0)

Min; Max 19;73

Gender, n (%)

Male 11(57.9)

Female 8(42.1)

Weight (kgs)

N 19

Mean (SD) 63.3(11.96)

Median 59.7

IQR (Q1; Q3) 10.00(56.00;66.00)

Min; Max 48.5;100.0

Height (cms)

N 19

Mean (SD) 160.1(5.59)

Median 158.5

IQR (Q1; Q3) 6.00(156.0;162.0)

Min; Max 151;173.7

BMI (kg/m2)

N 19

Mean (SD) 24.6(4.30)

Median 24

IQR (Q1; Q3) 2.40(22.40;24.80)

Min; Max 19.4;39.90

N: Number of patients, SD: Standard Deviation, Q1:
1st Quartile, Q3: 3rd Quartile, IQR: Inter-quartile
range, Min: Minimum, Max: Maximum, %: Percent-
age of patientsDenominator for percentage calcula-
tion is number of patients in full analysis set
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Table 2. Summary and Analysis of Achieved Desired Targets
and No. of Days in Hospital

Full Analysis Set (N=19)

Achieved Desired Target n(%)

Yes 17(89.5)

No 1(5.3)

NAP 1(5.3)

Number of Days in Hospital

N 19

Mean(SD) 12.7± 9.39

Median 8.0

IQR(Q1;Q3) 11.0(7.0;18.0)

Min;Max 3; 40

95%CI [17.2; 8.2]

Number of Days in ICU

N 19

Mean(SD) 12.6± 9.30

Median 8.0

IQR(Q1;Q3) 11.0(7.0;18.0)

Min;Max 3; 40

95%CI [17.1; 8.1]
Denominator for percentage calculation was number of patients in Full
Analysis set N: Number of patients, SD: Standard Deviation, Q1: 1st
Quartile, Q3: 3rd Quartile, IQR: Inter-quartile range, Min: Minimum,
Max: Maximum, %: Percentage of patients, 95% CI: 95% confidence
interval No of days to achieve target: Day target macronutrient levels
reached No of days in ICU= (date of discharge from ICU- date of ICU
admission) +1 No of days in Hospital= (date of discharge fromHospital-
date of hospital admission) +1

Fig 1. Number of feeds from Day 1 to Day 14.

Fig 2. Planned Vs Achieved Target Calories

3.4 Achieving Target Macronutrients
(Proteins)

The achieved overall mean (SD) of protein intake was 82.9
(27.78) grams, with a median of 105 grams, and a range of
0.0 to 105.0 grams, while plannedmean (SD) was 72.8 (11.27)
grams. (Figure 3)

Fig 3. Planned Vs Achieved Target Protein

The Kaplan-Meier plot illustrates the survival probability
and hospitalization duration in (Figure 4). The 50%-point
estimate,marking themedian survival time,was 10 days, indi-
cating that, on average, half of the patients were discharged
within this timeframe.

3.5 Impact of Nutritional Support on
Micronutrients

Compared to Day 1, there was an increase in Vitamin C levels
and the immuno-essential minerals such as zinc on Day 14,
indicated by a mean (SD) of Vitamin C level was 64.1 (100.6),
with a range of 0.8 to 300, while the mean (SD) level of zinc
was 126.1 (44.70), with a range of 44.3 to 196. (Figure 5)

3.6 Impact of Nutritional Support on
Electrolyte Balance

Levels of magnesium, phosphorus, and potassium remained
relatively stable from Day 1 to Day 14. The mean (SD)
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Fig 4. Kaplan-Meier Plot for Number of Days in Hospital

Fig 5. Analysis of Vitamin C and Zinc

magnesium levelwas 2.3 (0.41) onDay 1 and 2.3 (0.60) onDay
14,mean (SD) phosphorus levels were 3.7 (0.96) onDay 1 and
3.3 (0.62) on Day 14, while the mean (SD) potassium levels
were 4.7 (0.74) on Day 1 and 4.4 (0.79) on Day 14. (Figure 6)

Fig 6. Analysis of Electrolytes

3.7 Impact of Nutritional Support on Glycemic
Control

A reduction blood glucose concentrations with fasting blood
glucose levels decreased from 137mg/dL to 132mg/dL, while
postprandial blood glucose levels dropped from 158mg/dL to
123 mg/dL by Day 14. (Figure 7 )

Fig 7. Analysis of Hematology (Blood Glucose)

3.8 Gastrointestinal (GI) Complications of the
feed

Only 1 (5.3%) patient experienced mild gastrointestinal (GI)
discomfort, particularly vomiting, which was resolved and no
symptoms of diarrhoea, constipation, nausea, or abdominal
distension were reported. Additionally, there were no major
complaints of GI fullness and no prokinetic agents were
administered. (Table 3)

3.9 Enteral Feed Interruptions

The analysis of feed interruptions showed that 12 (63.2%)
patients experienced interruptions due to tracheostomy tube
blockage, imaging, resurgery, and other reasons. Specifically,
interruptions due to tracheostomy placement were experi-
enced by 2 patients, interruptions due to tube blockage were
experienced by 3 patients, interruptions due to imaging were
experienced by 1 patient and 7 patient’s feedswere interrupted
due to other reasons. (Table 4)
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Table 3. Summary and Analysis of GI Complications
GI Complications Full Analysis Set (N=19) n (%)

Did Patient complain of any GI discomfort

Yes 1(5.3)

Diarrhea 0

Constipation 0

Nausea 0

Vomiting 1(5.3)

Abdominal distension 0

No 18(94.7)

Did Patient complain about fullness

Yes 0

No 19(100)

Prokinetic agents used

Yes 0

No 19(100)

Was Gastric Residual Volume (GRV) measured?

Yes 1(5.3)

No 18(94.7)

Feeding tube flushed with water after every feeds given

Yes 2(10.5)

No 17(89.5)

Was medicines powdered and given via tube

Yes 2(10.5)

No 17(89.5)

Denominator for percentage calculation will be num-
ber of patients in full analysis set N: Num-
ber of patients, %: Percentage of patients
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Table 4. Summary and Analysis of Interruption to Feed
Feed Interruptions Full analysis set(N=19)
Any Feed Interruptions n(%)
Yes 12(63.2)
No 07(36.8)
Number of hours overall feed interrupted
N 12
Mean (SD) 13.8(11.36)
Median 10.0
IQR (Q1: Q3) 16.0(04.0:20.0)
Min ; Max 04 ; 36
95% CI [06.6;21.1]
Number of hours feed interrupted due to placing of tra-
cheostomy
N 2
Mean (SD) 08.0(02.8)
Median 8.0
IQR (Q1: Q3) 04.0(06.0:10.0)
Min ; Max 06; 10
95% CI [-17;33.4]
Number of hours feed interrupted due to Tube block
N 3
Mean (SD) 06.7(04.6)
Median 4.0
IQR (Q1: Q3) 08.0(04.0:12.0)
Min ; Max 04; 12
95% CI [-04.8; 18.1].
Number of hours feed interrupted due to Imaging
N 1
Mean (SD) 08.0(.)
Median 8.0
IQR (Q1: Q3) 00.0(08.0: 08.0)
Min ; Max 08; 08
95% CI [.;.]
Number of hours feed interrupted due to Taken to Resurgery
N 2
Mean (SD) 09.0(04.24)
Median 9.0
IQR (Q1: Q3) 06.0(06.0:12.0)
Min ; Max 06; 12
95% CI [-29;47.1]
Number of hours feed interrupted due to any other reason
N 7
Mean (SD) 14.9(11.71)
Median 12.0
IQR (Q1: Q3) 20.0(04.0:24.0)
Min ; Max 04; 32
95% CI [04.0;25.7]
*Patients who provided the informed consent was con-
sider as screenedN: Number of patients enrolled into the study
*No Values in Central Line Insertion column.

https://jnutres.com/ 117

https://jnutres.com/


Reddy et al. / Journal of Nutrition Research 2024;12(2):110–122

4 Discussion
The current study demonstrated that critically ill patients
in ICU administered with study EN formula has exhibited
enhanced recovery rates and reduced duration of hospital
stay.

In this study, overall daily calorie and protein intake was
found to be adequate, with the majoriy of patients meeting
their nutritional targets, contributing to the achievement of
the primary endpoint. The challenges in achieving optimal
energy-protein levels through enteral nutrition in critically ill
patients are complex and multifactorial, primarly stemming
from difficulties in delivering the prescribed nutritional
regimen. Notably, 17 (89.5%) patients met their nutritional
targets, and over 80% of patients achieved 100% of their
prescribed nutrition. This outcome is in consistent with
findings by Hsu et al., 2018, who observed that patients who
achieved ≥ 80% of the prescribed EN calories had reduced
ICUandhospitalmortality rates, (24) supporting the efficacy of
the novel EN formula in facilitating the recovery of critically
ill patients.

In the current study, the planned average daily caloric
intake for the study patients was 1602 ± 314.1 kcal/day,
while the achieved average caloric intake was 1737 ± 582.1
kcal/day, reflecting a 108% increase over the planned caloric
intake. This indicates a positive achievement of nutritional
goal, but not overfeeding. A study by Chappel et al., 2020
reported that exceeding caloric intakes of >2000 kcal/day, >25
kcal/kg/day, or >110% of the prescribed caloric requirement
may be considered as overfeeding. (25) This highlights the fact
that, although energy requirements are higher in critically
ill patients compared to healthy individuals, (26) careful
monitoring and balanced nutritional support are essential to
ensure critically ill patients receive adequate calories without
exceeding the recommended limits.

Achieving 100% of the target caloric intake via EN is
challenging. However evidence-based studies, such as one
by Lew et al., 2017, suggests that employing optimized
EN delivery protocols and low glycemic index balanced
EN formulations help the patients to acheive their full
caloric targets, while improving clinical outcomes. (27) In
a study by Ribeiro et al. (2016), it was highlighted that
patients who received caloric volumes close to 100% of
their prescribed targets experienced shorter hospital stays,
fewer infectious complications, and lower mortality rates,
according to McClave et al. (28) Zaragoza-García et al.,
2023 reported that more than 110% of the target calories
was administered to more than half of the patients/day
in accordance with European guidelines. (15) These studies
indicates that achieving excessive calories is a common
occurence, but highlights the need for careful monitoring to
mitigate potential adverse effects. Collectively, these findings
aling with the outcomes of the present study in achieving
100% of the target calories, emphasizing the importance

of balanced EN formulations in supporting the increased
nutritional needs of the critically ill patients.

Adequate protein administration improves clinical out-
comes in critically ill patients, as protein deficiency impairs
immunity and delays recovery. (29) In many cases, protein
needs exceed energy requirements needs in critically ill
patients. (30) To assess the protein adequacy, a weight-based
equation (Eg. 1.2–1.3 g/kg/day) is commonly used, compar-
ing the delivered protein to the prescribed protein. In this
study, the planned average daily protein intake was 72.8 ±
11.27 grams, while the achieved intake was 82.9 ± 27.78
grams, reflecting a protein adequacy of 113.9%. This higher
adequacy of protein intake was attained without establish-
ing overfeeding as per ASPEN guidelines, (31) considering the
mean weight of the study patients, which was 63.3 kg. A
study conducted by Song et al., 2017 reported that, achiev-
ing > 90% of the prescribed protein intake under real-world
clinical conditions was associated with improved ICU out-
comes in critically ill patients. (32) Similarly, Nicolo et al., 2016
reported that achieving ≥80% of their prescribed protein had
a shorter time to discharge alive. (33) Osooli et al., reported
optimal feeding as achieving 80%-120% of the target energy
or protein requirements. (5)Ruijven et al., demonstrated that
high protein provision (≥1.2 g/kg/day) improved nutritional
outcomes and reduced short-term muscle atrophy. (34) Zus-
man et al., 2016 also reported, improved survival rates with
protein administration >1.3 g/kg/day, indicating a 1% reduc-
tion in mortality for every additional gram of protein con-
sumed. (35) These findings support the present study, empha-
sizing the critical role of adequate protein intake and confirms
both the effectiveness and safety of high protein intake in crit-
ically ill patients.

In addition to meeting energy and protein require-
ments, achieving targeted macronutrients levels may influ-
ence patient outcomes, contributing to a reduction in length
of hospital stay and ICU stay duration. A study by Gabrielli
et al., 2024 found that patients receiving ≥80% of their
total energy goal experienced a reduction in both hospital
length of stay (LOS) and in-hospital mortality compared to
those receiving <80% of their EN requirements. This find-
ing was further validated by Kaplan–Meier survival analy-
sis, which demonstrated a survival benefit for patients with
adequate caloric and protein intake. (36) Similarly, Lee et al.,
2014 reported a survival difference in the Kaplan–Meier sur-
vival curve between patients receiving early enteral nutrition
(EEN) and late enteral nutrition (LEN). The EEN group had
3% reduction in in-hospitalmortality rates and lengths of hos-
pital stay. (37)

A study by Duan et al., 2024 reported that, the length of
hospital stay was significantly longer in the delayed EN group
than in the early EN group. (38) Zhong et al., 2023 reported
that the survival curve of patients who achieved a protein
intake of 0.5 g/kg/day on Day 3 and Day 7 was superior to
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those who did not reach this target.Their study suggested that
the improvement is attributed to better tolerance of enteral
nutrition and adequate protein intake, which enhanced
survival in ICU patients. (39) These findings align with the
current study, in which >80% of patients achieved 100% of
their daily prescribed nutritional targets within 5 days, and
more than half of the patients were discharged on or after day
6 onwards.This was further validated by Kaplan-Meier curve,
which revealed a median hospital stay of 10 days, indicating
that more than 50% of patients were discharged within this
timeframe. These finding, highlights the role balanced EN
formulas in contributing to reduced hospital stay and in-
hospital mortality in critically ill patients.

In the current study, most patients showed improve-
ments in micronutrient levels, particularly vitamin C and
the immunologically essential trace element such as zinc,
while maintaining relatively stable serum electrolyte concen-
trations. Monitoring selective micronutrients is acceptable
in intensive care unit (ICU) therapy. The micronutrient sta-
tus of patients reported adequate levels of essential nutrients,
such as vitamin C and zinc, which are crutial for maintaining
overall health and particularly important for immune system
support. Deficiencies in vitamin C and zinc are commonly
observed in critically ill patients (40,41) leading to adverse clin-
ical outcomes, (42) that can potentially exacerbate the primary
illness, impair immune response, delay tissue repair, and con-
tribute to complications such as sepsis and organ dysfunc-
tion. (43,44) In the current study, most patients maintained suf-
ficient levels ofmicronutrients, highlighting the efficacy of the
EN formula in supporting the patients overall health.

The electrolyte imbalances in critically ill patients increase
morbidity and mortality. (17) ICU patients despite the criti-
cal need for nutritional support, they often face challenges
in tolerating enteral or parenteral feeding and are particularly
susceptible to complications such as refeeding syndrome and
electrolytic alterations. (17,45) Abnormal serum electrolyte lev-
els disrupt the metabolic homeostasis of these patients, lead-
ing to adverse clinical outcomes. (46) This condition involves
decreases in serum levels of potassium, phosphorus, and
magnesium, along with deficiencies in several micronutri-
ents. (43) In the current study, refeeding syndrome was not
observed, and the majority of patients maintained balanced
serum electrolyte levels throughout the study period fromday
1 to day 14. This stability can likely be attributed to adequate
feed tolerance, which contributed to the overall clinical sta-
bility of the patients.

Hyperglycemia is a frequent concern in critically ill
patients, particularly those with glucose intolerance, who
receive liquid enteral formulas high in simple sugars. (46)
However, the current study reported notable improvement
in both fasting and postprandial blood glucose levels with,
most patients achieving normal glucose ranges. This alings
with findings by Arbeloa et al., 2013 who reported that,

EN formulas with improved glycemic control help reduce
the incidence of infectious complications. (47) These findings
suggest that the interventional enteral nutrition formula was
effective, leading to improved patient outcomes in critically ill
patients.

In addition to the composition of EN formulas, themethod
of feed delivery also play crucial roles in influencing GI toler-
ance. Recent studies suggest that slower, continuous feeding
strategies, compared to bolus feeding, may improve GI tol-
erance by reducing the likelihood of complications such as
nausea, vomiting, and diarrhea. (17,23) These complications are
frequently monitored in patients receiving EN formulations
as indicators of the formula’s tolerability. (48) Diarrhea occurs
in 2–63% of patients, while 20% experience nausea and vom-
iting. (22) In the present study, diarrhea, constipation, nausea,
and abdominal distension were not reported, and there were
no complaints of gastrointestinal fullness, suggesting GI tol-
erance of the formula among patients without the need for
administering prokinetic agents.

Only 1 (5.3%) patient experienced mild gastrointestinal
discomfort, specifically vomiting, which was resolved spon-
taneously without any further medical intervention. This
enhanced feeding tolerance may be attributed to the spe-
cific composition of the study EN formulation, which con-
tains medium-chain triglycerides (MCTs), carnitine, and tau-
rine. These components are associated with increased sur-
vival probability and are clinically proven to improve gas-
trointestinal tolerance. (49,50) This finding is consistent with
findings of Kozeniecki et al., 2015 and Qiu et al., 2017,
who found that semi-elemental or elemental formulas with
a higher percentage of fat derived from MCTs, Carnitine
and taurine are safe and well-tolerated. MCTs are readily
digested and absorbed, while taurine and carnitine are essen-
tial nutrients that facilitate fat digestion and absorption, par-
ticularly in critically ill patients with maldigestion or mal-
absorption. (50–52)Another factor contributing to the superior
tolerance might be hydrolyzed EN formula of the study inter-
vention, which has been shown to offer better tolerance than
peptide-based EN formulas. (53)

In critically ill patients, underfeeding is due to interrup-
tions in enteral nutrition, difficulties in administering the pre-
scribed nutritional regimen, and other patient-related fac-
tors. (54) In this study, approximately 63% of patients expe-
rienced multiple feeding interruptions, which is lower com-
pared to 68-79%-83% interruptions reported in previous
studies. (54–56)In another study, EN cessation occurred in over
85% of patients, with an average of 20% of the infusion
time, and more than 65% of these cessations were deemed
avoidable. (57) In this study, the most common interruptions
were related to tracheostomy placement, tube blockage, imag-
ing procedures, and other reasons. Studies indicate that the
majority of ICU patients experience at least one interruption
in enteral nutrition, with many of these interruptions under
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the control of physicians, and 25% being avoidable. In the
current study, the median duration of overall feed interrup-
tions across 12 patients was 10 hours, which was much more
insignificant compared to other studies. Notably, 7 patients
experienced no interruptions in their feeding regimen, high-
lighting the feed tolerance of the intervention.

5 Limitations of the Study
Given the study population, which consisted of critically ill
patients, the sample size was small. Additionally, the actual
energy requirements of the patients could not be directly
measured due to the unavailability of indirect calorimetry
techniques in current ICU setups. Consequently, energy
requirements were estimated based on recommendations
from international guidelines (ESPEN/ASPEN).

6 Conclusion
The findings of this study underscore the efficacy and safety
of the interventional enteral feed formula, as evidenced by
improvedmacro andmicronutrient levels critical for the well-
being of critically ill patients.This formula addresses gastroin-
testinal intolerance and reduces the need for recalculation
and dissolution due to tube blockage in a hospital setting.
Notably, the study reported minimal gastrointestinal com-
plications with no SAEs. Overall, these findings position the
interventional feed formula as a valuable resource in critical
care, offering enhanced patient outcomes and improved treat-
ment efficacy.

7 Declarations

7.1 Ethics approval and consent to participate
Approval to conduct the study was received from the
Institutional Ethics Committee (ECR/94/Inst/AP/2013/RR-
21 approved on 08 December 2022) and the KIMS Ethics
Committee (ECR/142/Inst/AP/2013/RR16 approved on 31
December 2022) in Hyderabad, India as well as from
the Imperial Ethics Committee (ECR/1693/Inst/MH/2022

approved on 13 October 2023) in Pune. The study was
conducted in accordance with the ethical principles of the
Declaration of Helsinki, and informed consent was obtained
from all patients.

7.2 Consent for publication

Not applicable.

7.3 Data Availability

The datasets and analyses generated during this study are
available with the corresponding author upon reasonable
request.

Authors’ contributions

All the authors were responsible for the conception and
design of the study, data acquisition, analysis and interpre-
tation of data, drafting of the article, and final approval of
the version to be published. RMB and PI helped conceptu-
alize and design the study. BRR, SS and RMB supervised and
approved the final draft of the study. PI and KKR monitored
and supervised the study. RU and AS assisted with data col-
lection during the study. VS provided input and scientific
support throughout the study period. All authors critically
reviewed all manuscript drafts and provided comments. All
authors approved the final version to be published. RMB is
the guarantor of this work and takes full responsibility for the
integrity and accuracy of the data analysis.

Acknowledgements
The authors would like to thank Mrunal Suhas Shirod-
kar, Consultant Clinical Nutritionist in providing technical
support during protocol development and KIMS Hospitals,
Hyderabad, Care Hospitals, Hyderabad and Imperial Multi-
speciality Hospital, Pune for conducting the study and Tech-
sol Life Sciences Private Limited, Hyderabad for their support
with statistical analysis, data interpretation, writing assis-
tance, and paper submission.

https://jnutres.com/ 120

https://jnutres.com/


Reddy et al. / Journal of Nutrition Research 2024;12(2):110–122

References
1) Eldehily K, Tawfik M, Elkholy M, Sabry S. Impact of Malnutrition

in Critically Ill Patients on Intensive Care Unit. The Egyptian Journal
of Intensive Care and Emergency Medicine. 2023;3(1):57–69. Available
from: https://dx.doi.org/10.21608/jicem.2023.244437.1024.

2) Li Q, Zhang Z, Xie B, Ji X, Lu J, Jiang R, et al. Effectiveness of
enteral feeding protocol on clinical outcomes in critically ill patients:
a study protocol for before-and-after design. Ann Transl Med.
2017;12(8):e0182393. Available from: https://doi.org/10.1371/journal.
pone.0182393.

3) Preiser JC, Arabi YM, Berger MM, Casaer M, McClave S, Montejo-
González JC, et al. A guide to enteral nutrition in intensive care units: 10
expert tips for the daily practice. Critical Care. 2021;25(1):424. Available
from: https://dx.doi.org/10.1186/s13054-021-03847-4.

4) Kabashneh S, Alkassis S, Shanah L, Ali H. A Complete Guide to
Identify and Manage Malnutrition in Hospitalized Patients. Cureus.
2020;12(6):e8486. Available from: https://dx.doi.org/10.7759/cureus.
8486.

5) Osooli F, Abbas S, Farsaei S, Adibi P. Identifying Critically Ill Patients
at Risk of Malnutrition and Underfeeding: A Prospective Study at an
Academic Hospital. Adv Pharm Bull. 2019;9(2):314–320. Available
from: https://doi.org/10.15171/apb.2019.037.

6) Zaki DSD, Zakaria D. Prevalence of Malnutrition among Hospitalized
Medical Intensive Care Unit Patients in a University Hospital. Inter-
national Journal of Internal Medicine. 2018;7:54–59. Available from:
https://doi.org/10.5923/j.ijim.20180704.02.

7) Singh N, Gupta D, Aggarwal AN, Agarwal R, Jindal SK. An
assessment of nutritional support to critically ill patients and its
correlation with outcomes in a respiratory intensive care unit. Respir
Care. 2009;54(12):1688–1696. Available from: https://rc.rcjournal.com/
content/54/12/1688/tab-article-info.

8) Singer P, Blaser AR, Berger MM. ESPEN guideline on clinical nutrition
in the intensive care unit. Clin Nutr. 2019;38(1):48–79. Available from:
https://doi.org/10.1016/j.clnu.2018.08.037.

9) DelsoglioM, PichardC, Singer P. How to choose the best route of feeding
during critical illness. Clin Nutr ESPEN. 2020;37:247–254. Available
from: https://doi.org/10.1016/j.clnesp.2020.03.019.

10) Boullata JI, Carrera AL, Harvey L, Hudson L, McGinnis C, Wessel JJ,
et al. ASPEN Safe Practices for Enteral Nutrition Therapy. JPEN J
Parenter Enteral Nutr. 2017;41(1):15–103. Available from: https://doi.
org/10.1177/0148607116673053.

11) Jordan EA, Moore SC. Enteral nutrition in critically ill adults: Literature
review of protocols. Nursing in critical care. 2020;25(1):24–30. Available
from: https://doi.org/10.1111/nicc.12475.

12) Sherif AA, Mansour MA. Enteral Nutrition In Critically Ill Patients.
AJAIC. 2006;9(3):56–68. Available from: https://applications.emro.
who.int/imemrf/AJAIC/2006_9_3_56.pdf.

13) Schörghuber M, Fruhwald S. Effects of enteral nutrition on gastroin-
testinal function in patients who are critically ill. Lancet Gastroen-
terol Hepatol. 2018;3(4):30036. Available from: https://doi.org/10.1016/
S2468-1253(18)30036-0.

14) Seres DS, Valcarcel M, Guillaume A. Advantages of enteral nutrition
over parenteral nutrition. Therap Adv Gastroenterol. 2013;6(2):157–167.
Available from: https://doi.org/10.1177/1756283X12467564.

15) Zaragoza-García I, Arias-Rivera S, Frade-Mera MJ, Martí JD, Gallart E,
José-Arribas AS, et al. Enteral nutrition management in critically ill
adult patients and its relationshipwith intensive care unit-acquiredmus-
cle weakness: A national cohort study. PLoS One. 2023;18(6):e0286598.
Available from: https://doi.org/10.1371/journal.pone.0286598.

16) Berger MM, Shenkin A, Schweinlin A, Amrein K, Augsburger M,
Biesalski HK, et al. ESPEN micronutrient guideline. Clinical Nutrition.
2022;41(6):1357–1424. Available from: https://doi.org/10.1016/j.clnu.
2022.02.015.

17) Michel KE. Preventing and managing complications of enteral
nutritional support. Clin Tech Small Anim Pract. 2004;19(1):84–91.

Available from: https://doi.org/10.1053/S1096-2867(03)00084-7.
18) Lee JW. Fluid and electrolyte disturbances in critically ill patients.

Electrolyte Blood Press. 2010;8(2):72–81. Available from: https://doi.org/
10.5049/EBP.2010.8.2.72.

19) Wesselink E, Koekkoek K, Looijen M, Van Blokland DA, Witkamp RF,
Van Zanten A. Associations of hyperosmolar medications administered
via nasogastric or nasoduodenal tubes and feeding adequacy, food
intolerance and gastrointestinal complications amongst critically ill
patients: A retrospective study. Clin Nutr ESPEN. 2018;25:78–86.
Available from: https://doi.org/10.1016/j.clnesp.2018.04.001.

20) Gönderen K, Döngel HE, Kol EÖ. Investigation of gastrointestinal
complications in patients given enteral nutrition. Clin Sci Nutr.
2022;4(1):1–7. Available from: https://doi.org/10.54614/ClinSciNutr.
2022.21515.

21) Brown B, Roehl K, Betz M. Enteral nutrition formula selection: current
evidence and implications for practice. Nutr Clin Pract. 2015;30(1):72–
85. Available from: https://doi.org/10.1177/0884533614561791.

22) Bodoky G, Kent-Smith L. Basics in clinical nutrition: Complications
of enteral nutrition. Journal of Clinical Nutrition and Metabolism.
2009;4(5):e209–e211. Available from: https://clinicalnutritionespen.
com/article/S1751-4991(09)00033-X/fulltext.

23) Cabrera G, Sanz-LorenteM, Sanz-Valero J, López-Pintor E. Compliance
and Adherence to Enteral Nutrition Treatment in Adults: A Systematic
Review. Nutrients. 2019;11(11):2627. Available from: https://doi.org/10.
3390/nu11112627.

24) Hsu PH, Lee CH, Kuo LK, Kung YC, Che WJ, Tzeng MS. Higher
Energy and Protein Intake from Enteral Nutrition May Reduce Hospital
Mortality in Mechanically Ventilated Critically Ill Elderly Patients.
International Journal of Gerontology. 2018;12(4):285–289. Available
from: https://doi.org/10.1016/j.ijge.2018.03.001.

25) Chapple LS, Weinel L, Ridley EJ, Jones D, Chapman MJ, Peake SL.
Clinical Sequelae From Overfeeding in Enterally Fed Critically Ill
Adults: Where Is the Evidence? JPEN J Parenter Enteral Nutr.
2020;44(6):980–991. Available from: https://doi.org/10.1002/jpen.1740.

26) Ndahimana D, Kim EK. Energy Requirements in Critically Ill Patients.
Clin Nutr Res. 2018;7(2):81–90. Available from: https://doi.org/10.7762/
cnr.2018.7.2.81.

27) Lew CCH, Yandell R, Fraser R, Chua AP, Chong MFF, Miller M.
Association Between Malnutrition and Clinical Outcomes in the
Intensive Care Unit: A Systematic Review. JPEN J Parenter Enteral
Nutr. 2017;41(5):744–758. Available from: https://doi.org/10.1177/
0148607115625638.

28) Ribeiro LM, Filho RSO, Caruso L, Lima PA, Damasceno NR, Soriano
FG. Adequacy of energy and protein balance of enteral nutrition in
intensive care: what are the limiting factors? . Rev Bras Ter Intensiva.
2014;26(2):155–62. Available from: https://doi.org/10.5935/0103-507x.
20140023.

29) Morales F, Paz SMDL, Leon MJ, Rivero-Pino F. Effects of Malnutrition
on the Immune System and Infection and the Role of Nutritional
Strategies Regarding Improvements in Children’s Health Status: A
Literature Review. Nutrients. 2023;16(1):1. Available from: https://doi.
org/10.3390/nu16010001.

30) Mcclave SA, Taylor BE, Martindale RG, Warren MM, Johnson DR,
Braunschweig C, 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 J Parenter Enteral
Nutr. 2016;40(2):159–211. Available from: https://doi.org/10.1177/
0148607115621863.

31) Gautier JBO, Berger A, Hussein R, Huhmann MB. Safety of increasing
protein delivery with an enteral nutrition formula containing very high
protein (VHP) and lower carbohydrate concentrations compared to
conventional standard (SF) and high protein (HP) formulas. Clin Nutr.
2022;41(12):2833–2842. Available from: https://doi.org/10.1016/j.clnu.
2022.10.020.

https://jnutres.com/ 121

https://dx.doi.org/10.21608/jicem.2023.244437.1024
https://doi.org/10.1371/journal. pone.0182393
https://doi.org/10.1371/journal. pone.0182393
https://dx.doi.org/10.1186/s13054-021-03847-4
https://dx.doi.org/10.7759/cureus.8486
https://dx.doi.org/10.7759/cureus.8486
https://doi.org/10.15171/apb.2019.037
https://doi.org/10.5923/j.ijim.20180704.02
https://rc.rcjournal.com/content/54/12/1688/tab-article-info
https://rc.rcjournal.com/content/54/12/1688/tab-article-info
https://doi.org/10.1016/j.clnu.2018.08.037
https://doi.org/10.1016/j.clnesp.2020.03.019
https://doi.org/10.1177/0148607116673053
https://doi.org/10.1177/0148607116673053
https://doi.org/10.1111/nicc.12475
https://applications.emro.who.int/imemrf/AJAIC/2006_9_3_56.pdf
https://applications.emro.who.int/imemrf/AJAIC/2006_9_3_56.pdf
https://doi.org/10.1016/S2468-1253(18)30036-0
https://doi.org/10.1016/S2468-1253(18)30036-0
https://doi.org/10.1177/1756283X12467564
https://doi.org/10.1371/journal.pone.0286598
https://doi.org/10.1016/j.clnu.2022.02.015
https://doi.org/10.1016/j.clnu.2022.02.015
https://doi.org/10.1053/S1096-2867(03)00084-7
https://doi.org/10.5049/EBP.2010.8.2.72
https://doi.org/10.5049/EBP.2010.8.2.72
https://doi.org/10.1016/j.clnesp.2018.04.001
https://doi.org/10.54614/ClinSciNutr.2022.21515
https://doi.org/10.54614/ClinSciNutr.2022.21515
https://doi.org/10.1177/0884533614561791
https://clinicalnutritionespen.com/article/S1751-4991(09)00033-X/fulltext
https://clinicalnutritionespen.com/article/S1751-4991(09)00033-X/fulltext
https://doi.org/10.3390/nu11112627
https://doi.org/10.3390/nu11112627
https://doi.org/10.1016/j.ijge.2018.03.001
https://doi.org/10.1002/jpen.1740
https://doi.org/10.7762/cnr.2018.7.2.81
https://doi.org/10.7762/cnr.2018.7.2.81
https://doi.org/10.1177/0148607115625638
https://doi.org/10.1177/0148607115625638
https://doi.org/10.5935/0103-507x.20140023
https://doi.org/10.5935/0103-507x.20140023
https://doi.org/10.3390/nu16010001
https://doi.org/10.3390/nu16010001
https://doi.org/10.1177/0148607115621863
https://doi.org/10.1177/0148607115621863
https://doi.org/10.1016/j.clnu.2022.10.020
https://doi.org/10.1016/j.clnu.2022.10.020
https://jnutres.com/


Reddy et al. / Journal of Nutrition Research 2024;12(2):110–122

32) Song JH, Lee HS, Kim SY, Kim EY, Jung JY, Kang YA, et al. The influence
of protein provision in the early phase of intensive care on clinical
outcomes for critically ill patients on mechanical ventilation. Asia Pac J
Clin Nutr. 2017;26(2):234–240. Available from: https://doi.org/10.6133/
apjcn.032016.01.

33) Nicolo M, Heyland DK, Chittams J, Sammarco T, Compher C. Clinical
Outcomes Related to Protein Delivery in a Critically Ill Population:
A Multicenter, Multinational Observation Study. JPEN J Parenter
EnteralNutr. 2016;40(1):45–51. Available from: https://doi.org/10.1177/
0148607115583675.

34) Van Ruijven IM, Abma J, Brunsveld-Reinders AH, Stapel SN, Van Etten-
Jamaludin F, Boirie Y, et al. High protein provision of more than 1.2
g/kg improves muscle mass preservation and mortality in ICU patients:
A systematic review and meta-analyses. Clin Nutr. 2023;42(12):2395–
2403. Available from: https://doi.org/10.1016/j.clnu.2023.09.026.

35) Zusman O, Theilla M, Cohen J, Kagan I, Bendavid I, Singer P. Resting
energy expenditure, calorie and protein consumption in critically ill
patients: a retrospective cohort study. Crit Care. 2016;20(1):367.
Available from: https://doi.org/10.1186/s13054-016-1538-4.

36) Gabrielli CP, Steemburgo T. Adequate calorie and protein adminis-
tration via enteral nutrition may contribute to improved 30-day sur-
vival in patients with solid tumors at nutritional risk. Clin Nutr ESPEN.
2024;59:279–286. Available from: https://doi.org/10.1016/j.clnesp.2023.
12.014.

37) Lee SH, Jang JY, Kim HW, Jung MJ, Lee JG. Effects of Early Enteral
Nutrition on Patients After Emergency Gastrointestinal Surgery: A
Propensity Score Matching Analysis. Medicine. 2014;93(28):e323.
Available from: https://doi.org/10.1097/MD.0000000000000323.

38) Duan J, Ren J, Li X, Du L, Duan B, Ma Q. Early Enteral Nutrition Could
Be Associated with Improved Survival Outcome in Cardiac Arrest.
Emerg Med Int. 2024. Available from: https://doi.org/10.1155/2024/
9372015.

39) ZhongM,Qiu Y, Pan T,Wang R, Gao Y,WangX, et al. Improving enteral
nutrition tolerance and protein intake maybe beneficial to intensive
care unit patients. Sci Rep. 2023;13(1):21614. Available from: https:
//doi.org/10.1053/j.ajkd.2016.01.020.

40) Dresen E, Lee ZY, Hill A, Notz Q, Patel JJ, Stoppe C. History of scurvy
and use of vitamin C in critical illness: A narrative review. Nutr Clin
Pract. 2023;38(1):46–54. Available from: https://doi.org/10.1002/ncp.
10914.

41) Suruli PK, Rangappa P, Jacob I, Rao K, Shivashanker S. Zinc Deficiency
in Critically Ill Patients: Impact on Clinical Outcome. Cureus.
2024;16(6):e61690. Available from: https://doi.org/10.7759/cureus.
61690.

42) Lazzarin T, Azevedo PS, Cardoso BR, Suen V, Minicucci MF. Editorial:
Micronutrients and critically ill patients. Front Med (Lausanne).
2024;10:1352808. Available from: https://doi.org/10.3389/fmed.2023.
1352808.

43) de Man AME, Gunst J, Blaser AR. Nutrition in the intensive care unit:
from the acute phase to beyond. Intensive CareMed. 2024;50:1035–1048.
Available from: https://doi.org/10.1007/s00134-024-07458-9.

44) Sriram K, Lonchyna VA. Micronutrient supplementation in adult
nutrition therapy: practical considerations. JPEN J Parenter Enteral
Nutr. 2009;33(5):548–562. Available from: https://doi.org/10.1177/

0148607108328470.
45) Pancorbo-Hidalgo PL, García-Fernandez FP, Ramírez-Pérez C. Com-

plications associated with enteral nutrition by nasogastric tube in an in-
ternal medicine unit. J Clin Nurs. 2001;10(4):482–490. Available from:
https://doi.org/10.1046/j.1365-2702.2001.00498.x.

46) Vieira J, Nunes G, Santos CA, Fonseca J. Serum Electrolytes And
Outcome In Patients Undergoing Endoscopic Gastrostomy. Arq
Gastroenterol. 2018;55(1):41–45. Available from: https://doi.org/10.
1590/S0004-2803.201800000-05.

47) Seron-Arbeloa C, Zamora-Elson M, Labarta-Monzon L, Mallor-Bonet
T. Enteral nutrition in critical care. J Clin Med Res. 2013;5(1):1–11.
Available from: https://doi.org/10.4021/jocmr1210w.

48) Kozeniecki M, Fritzshall R. Enteral Nutrition for Adults in the Hospital
Setting. Nutr Clin Pract. 2015;30(5):634–651. Available from: https:
//doi.org/10.1177/0884533615594012.

49) Muscaritoli M, Pradelli L. Medium-Chain Triglyceride (MCT) Content
of Adult Enteral Tube Feeding Formulas and Clinical Outcomes. A
Systematic Review. Front Nutr. 2021;8:697529. Available from: https:
//doi.org/10.3389/fnut.2021.697529.

50) Qiu C, Chen C, Zhang W. Fat-Modified Enteral Formula Improves
Feeding Tolerance in Critically Ill Patients: A Multicenter, Single-
Blind, Randomized Controlled Trial. JPEN J Parenter Enteral
Nutr. 2017;41(5):785–795. Available from: https://doi.org/10.1177/
0148607115601858.

51) Anderson CM, Howard A, Walters JR, Ganapathy V, Thwaites DT.
Taurine uptake across the human intestinal brush-border membrane is
via two transporters: H+-coupled PAT1 (SLC36A1) and Na+- and Cl(-
)-dependent TauT (SLC6A6). J Physiol. 2009;587:731–775. Available
from: https://doi.org/10.1113/jphysiol.2008.164228.

52) Bonafé L, Berger MM, Que YA, Mechanick JI. Carnitine deficiency
in chronic critical illness. Curr Opin Clin Nutr Metab Care.
2014;17(2):200–209. Available from: https://doi.org/10.1097/MCO.
0000000000000037.

53) Griffin J. Enteral Nutrition Therapy: Which Formula Do You
Use? Current Treatment Options in Gastroenterology. 2022;20:392–405.
Available from: https://doi.org/10.1007/s11938-022-00391-0.

54) Salciute-Simene E, Stasiunaitis R, Ambrasas E, Tutkus J, Milkevicius
I, Sostakaite G, et al. Impact of enteral nutrition interruptions on
underfeeding in intensive care unit. Clinical Nutrition. 2021;40(3):1310–
1317. Available from: https://dx.doi.org/10.1016/j.clnu.2020.08.014.

55) Yip KF, Rai V, Wong KK. Evaluation of delivery of enteral nutrition in
mechanically ventilated Malaysian ICU patients. BMC Anesthesiology.
2014;14(1):127. Available from: https://dx.doi.org/10.1186/1471-2253-
14-127.

56) Peev MP, Yeh DD, Quraishi SA, Osler P, Chang Y, Gillis E, et al.
Causes and consequences of interrupted enteral nutrition: a prospective
observational study in critically ill surgical patients. JPEN J Parenter
EnteralNutr. 2015;39(1):21–27. Available from: https://doi.org/10.1177/
0148607114526887.

57) Passier RHA, Davies AR, Ridley E, McClure J, Murphy D, Scheinkestel
CD. Periprocedural cessation of nutrition in the intensive care
unit: opportunities for improvement. Intensive Care Medicine.
2013;39(7):1221–1226. Available from: https://dx.doi.org/10.1007/
s00134-013-2934-8.

https://jnutres.com/ 122

https://doi.org/10.6133/apjcn.032016.01
https://doi.org/10.6133/apjcn.032016.01
https://doi.org/10.1177/0148607115583675
https://doi.org/10.1177/0148607115583675
https://doi.org/10.1016/j.clnu.2023.09.026
https://doi.org/10.1186/s13054-016-1538-4
https://doi.org/10.1016/j.clnesp.2023.12.014
https://doi.org/10.1016/j.clnesp.2023.12.014
https://doi.org/10.1097/MD.0000000000000323
https://doi.org/10.1155/2024/9372015
https://doi.org/10.1155/2024/9372015
https://doi.org/10.1053/j.ajkd.2016.01.020
https://doi.org/10.1053/j.ajkd.2016.01.020
https://doi.org/10.1002/ncp.10914
https://doi.org/10.1002/ncp.10914
https://doi.org/10.7759/cureus.61690
https://doi.org/10.7759/cureus.61690
https://doi.org/10.3389/fmed.2023.1352808
https://doi.org/10.3389/fmed.2023.1352808
https://doi.org/10.1007/s00134-024-07458-9
https://doi.org/10.1177/0148607108328470
https://doi.org/10.1177/0148607108328470
https://doi.org/10.1046/j.1365-2702.2001.00498.x
https://doi.org/10.1590/S0004-2803.201800000-05
https://doi.org/10.1590/S0004-2803.201800000-05
https://doi.org/10.4021/jocmr1210w
https://doi.org/10.1177/0884533615594012
https://doi.org/10.1177/0884533615594012
https://doi.org/10.3389/fnut.2021.697529
https://doi.org/10.3389/fnut.2021.697529
https://doi.org/10.1177/0148607115601858
https://doi.org/10.1177/0148607115601858
https://doi.org/10.1113/jphysiol.2008.164228
https://doi.org/10.1097/MCO.0000000000000037
https://doi.org/10.1097/MCO.0000000000000037
https://doi.org/10.1007/s11938-022-00391-0
https://dx.doi.org/10.1016/j.clnu.2020.08.014
https://dx.doi.org/10.1186/1471-2253-14-127
https://dx.doi.org/10.1186/1471-2253-14-127
https://doi.org/10.1177/0148607114526887
https://doi.org/10.1177/0148607114526887
https://dx.doi.org/10.1007/s00134-013-2934-8
https://dx.doi.org/10.1007/s00134-013-2934-8
https://jnutres.com/

