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Background and Objectives: We retrospectively evaluated the efficacy and safety of early enteral nutrition 
(within 48 h) and late enteral nutrition (after 48 h; control) in improving the nutritional status of surgical intensive 
care unit patients. Methods and Study Design: This single-center, retrospective, observational study was con-
ducted using data from 82 patients (age > 18 years) who were admitted to surgical intensive care units between 
June and November 2019. Patients who received enteral nutrition for >7 days were included in this study, and 
those who received total parenteral nutrition or palliative care were excluded. Results: The early and late enteral 
nutrition groups comprised 41 patients each. Early enteral nutrition significantly increased the actual intake of 
calories and protein (p < 0.0001) as well as the length of stay in the surgical intensive care unit (p = 0.047) and 
hospital (p = 0.028). Late enteral nutrition significantly reduced albumin concentration (p < 0.05), hemoglobin 
concentration (p < 0.05), and lymphocyte count (p < 0.05) but significantly increased weight loss (p < 0.05). 
However, no significant between-group difference was observed in mortality rate. Conclusions: Early enteral nu-
trition improves the nutritional status of surgical intensive care unit patients. It shortens overall hospitalization 
duration and increases actual calorie and protein intake at discharge. Thus, early enteral nutrition is recommended 
for critically ill patients. 
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INTRODUCTION 
Intensive care units (ICUs) offer advanced facilities for 
the management of unstable patients.1 Nutritional status is 
regarded as a key indicator of recovery in ICU patients 
because it plays a central role in ameliorating critical ill-
nesses and adverse clinical outcomes.2 Insufficient feed-
ing is common among critically ill patients, particularly 
those with extended ICU stays.3 Therefore, medical pro-
fessionals should pay close attention to the nutritional 
status of ICU patients because of its prognostic value. 
However, to the best of our knowledge, no standard feed-
ing strategy has been established for ICU patients. 

A critical illness is a life-threatening condition charac-
terized by infection, trauma, or any other medical prob-
lem. It involves a strong surge of proinflammatory media-
tors, which induce host catabolism.4 To defend itself 
against pathogens and promote healing, the body exhibits 
a proinflammatory response to infection or trauma as an 
adaptive mechanism. However, severe proinflammatory 
responses increase the rate of metabolism, which in turn 
increases catabolism, reduces fat storage in cases of calo-
rie or protein deficits, and reduces muscle mass.5 These  

 
 
conditions lead to protein–energy malnutrition, a major 
problem in critically ill hypercatabolic patients admitted 
to the ICU.5,6 

The prevalence of malnutrition among ICU patients is 
approximately 78%.7 Malnutrition is associated with poor 
clinical outcomes; it depletes health-care resources, in-
creasing medical costs.8 In critically ill patients, the prior-
ity is to provide adequate nutritional support to optimize 
organ function and host response.9 Enteral nutrition (EN)  
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may regulate inflammation through several mecha-
nisms—for example, by modulating the gut microbi-
ome,10 maintaining intestinal mucosal barrier function,11 
and restoring gut immunity.11,12 

According to the available guidelines on nutritional 
support for ICU patients, early EN (EEN) is recommend-
ed for patients who cannot maintain adequate oral intake, 
are hemodynamically stable, and have a functioning gas-
trointestinal tract.13,14 Many studies and guidelines have 
indicated that EEN (within 48 h of admission or injury) 
can substantially reduce the risk of mortality in critically 
ill patients.13,14 Evidence suggests that EEN is beneficial 
for critically ill and trauma patients. Providing EEN is 
more difficult after emergency surgery than after elective 
surgery, particularly for patients with traumatic injuries.15 
In these patients, recovering bowel motility and function 
is challenging, which complicates EEN support.16 

EN is an unstandardized intervention that necessitates 
individual assessment and management throughout the 
process of acute care. Although many guidelines recom-
mend the use of EEN, contradictory findings have recent-
ly been published.17 These findings indicate increased 
gastrointestinal complications and extended ICU stays 
among critically ill patients receiving EEN.18 Moreover, 
whether the risk of infection-related complications differ 
between EEN and late EN (LEN) with supplemental par-
enteral nutrition remains to be confirmed.17 Considering 
the lack of evidence regarding whether EEN can be safely 
administered to ICU patients, we conducted this retro-
spective cohort study to evaluate our nutritional practice 
for critically ill adults. 
 
 
 

METHODS 
Study cohort 
This single-center, retrospective cohort study included 82 
critically ill patients admitted to a surgical ICU (SICU). 
The patients were divided into two groups: EEN group 
(EN initiated within 48 h of ICU admission, n = 41) and 
LEN group (EN initiated after 48 h of ICU admission, n = 
41; control group). Their basic information, nutritional 
intakes, laboratory data, and clinical outcomes were com-
pared before admission to the SICU and after transfer 
from the SICU. EN was provided with or without sup-
plemental peripheral parenteral nutrition. Our ICU data-
base was searched to identify eligible patients who were 
admitted to the SICU between June and December 2019. 
Details regarding ICU admission for EN support were 
obtained from the patients’ medical records. Data extract-
ed from the Hospital Information System of Chung Shan 
Medical University Hospital (CSMUH), Taiwan, were 
retrospectively analyzed. We integrated data from several 
hospital units, such as the information center, SICU, and 
management and nutrition departments. 

 
Inclusion and exclusion criteria 
This study included patients on enteral tube feeding (age 
> 18 years) admitted to the SICU of CSMUH between 
June and December 2019. Patients who received total 
parenteral nutrition, palliative care, or oral nutrition or 
stayed for <7 days were excluded from the analysis. In 
addition, patients with severe medical conditions that 
could affect the nutritional status or cause renal or hepatic 
failure were excluded from this study. Furthermore, pa-
tients who died within 48 h after SICU admission were 
excluded. Figure 1 depicts the process of patient selec-
tion. 

 

 
 
Figure 1. Flowchart depicting patient selection. ICU, intensive care unit; SICU, surgical intensive care unit; EN, enteral nutrition; EEN, 
early enteral nutrition; LEN, late enteral nutrition 
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ICU scoring systems 
The Glasgow Coma Scale (GCS) is used to objectively 
determine the extent of impaired consciousness in pa-
tients with acute medical conditions or trauma. It is used 
to evaluate patients’ visual, motor, and verbal responses. 
Each response is scored from 1 (no response) to 4 (visual 
response), 5 (verbal response), or 6 (motor response). The 
total score of the GCS ranges from 3 (lowest) and 15 
(highest).19 

Acute Physiology and Chronic Health Evaluation II 
(APACHE II) is a severity-of-disease classification sys-
tem used for assessing ICU patients. It is usually adminis-
tered within 24 h of ICU admission. An integer score 
ranging from 0 to 71 is calculated on the basis of several 
parameters. A higher APACHE II score indicates a higher 
severity of disease and a higher risk of mortality.20 

 
Nutritional parameters 
Body mass index (BMI) is widely used as a first-line bi-
omarker of nutritional status. It is a simple, low-cost, non-
invasive biomarker. BMI is calculated by dividing body 
mass (in kilograms) by the square of body height (in me-
ters). In adults, a BMI of <18.5 kg/m2 indicates under-
weight, a BMI of 18.5–24.9 kg/m2 indicates normal 
weight, a BMI of 25–29.9 kg/m2 indicates overweight, 
and a BMI of ≥30 kg/m2 indicates obesity.21 

Nutritional Risk Screening 2002 (NRS-2002) is a tool 
used for identifying patients susceptible to malnutrition. 
This tool helps determine patients’ nutritional status (on 
the basis of weight loss, BMI, and general condition or 
food intake) and disease severity (on the basis of metabol-
ic stress), which is associated with an increased risk of 
adverse outcomes. Each patient-related aspect is scored 
from 0 to 3 points, with an extra point awarded if the pa-
tient is aged ≥70 years. A total NRS-2002 score of ≥3 
points indicates a high risk of malnutrition.22 

The Subjective Global Assessment (SGA) survey is re-
garded as the gold standard for detecting malnutrition in 
patients. This tool comprises five nutritionally relevant 
items: nutrient intake, unintentional weight loss, symp-
toms affecting oral intake, functional capacity, and meta-
bolic demand. It also involves a physical examination 
focused on assessing subcutaneous fat loss, muscle wast-
ing, and fluid accumulation. On the basis of their SGA 
scores, patients are classified as well nourished, mildly or 
moderately malnourished, or severely malnourished.23 

The Nutritional Risk Index (NRI) is an instrument 
based on optimal body weight designed to evaluate cur-
rent body weight and serum albumin concentration. The 
NRI index value is calculated as follows: 1.519 × serum 
albumin (g/L) + 41.7 × (current weight / usual weight). 
Patients with NRI scores of >100, 97.5–100, 83.5–97.5, 
and <83.5 are considered to have no risk, a mild risk, a 
moderate risk, and a high risk of ICU mortality, respec-
tively. Usual body weight is defined as stable body 
weight for the previous 6 months. Higher NRI scores in-
dicate higher risks ICU mortality.24 
Prognostic models 
The modified Glasgow prognostic score (mGPS) is a 
score that considers both C-reactive protein (CRP) and 
albumin concentrations. This score indicates systemic 
inflammation and nutritional status, and it ranges from 0 

to 2. Patients with a CRP concentration of >10 mg/L and 
an albumin concentration of <35 g/L receive a score of 2, 
those with a CRP concentration of >10 mg/L and an al-
bumin concentration of ≥35 g/L receive a score of 1, and 
those with a CRP concentration of ≤10 mg/L receive a 
score of 0. For intensive care unit patients, a high mGPS 
is an independent predictor of mortality during hospital 
stay and follow-up. In summary, the mGPS is a simple 
and practical indicator of prognosis in intensive care unit 
patients.25 

 
Biochemical parameters 
Several biochemical indicators of the nutritional status 
and organ function of critically ill patients were evaluat-
ed. These indicators included albumin, CRP, glucose, 
blood urea nitrogen, creatinine, aspartate transaminase, 
alanine transaminase, sodium, and potassium. Routine 
blood analyses included hemoglobin concentrations, 
white blood cell count, and lymphocyte count. Changes in 
body weight were also measured. 

 
Study design and ethical considerations 
This single-center, retrospective, observational study was 
conducted using clinical dietetic data. According to the 
American Society for Parenteral and Enteral Nutrition 
guidelines,14 the target calorie intake and protein intake 
for ICU patients are 25–30 kcal/kg/day and 1.2–2.0 
g/kg/day, respectively. Data pertaining to basic character-
istics, nutritional intakes, laboratory results, and clinical 
outcomes were collected at admission to the SICU (T1) 
and at discharge from the SICU (T2). These data were 
compared between T1 and T2. The amount of food con-
sumed was documented on the Hospital Information Sys-
tem by the nursing staff. The ICU team determined the 
timing of initial enteral feeding. Patients in both groups 
received EN support, assessed by a dietician who calcu-
lated calorie and protein intake. EN was initiated with a 
standard polymeric formula, providing trophic feeding 
(10–20 kcal/h or up to 500 kcal/d) within 48 hours, or 
after 48 hours, advancing to over 80% of the target ener-
gy goal within the first week. Feeding consisted of inter-
mittent bag feeding with five meals per day. Because of 
the retrospective nature of this study, the requirement for 
informed consent was waived by the Ethical Committee 
of CSMUH (reference: CSH-2023-A-022). The present 
study adhered to the guidelines of the Declaration of Hel-
sinki. The study protocol was approved by the Institution-
al Review Board of CSMUH (approval no. CS2-22139). 

 
Statistical analysis 
All statistical analyses were performed using PASW Sta-
tistics (SPSS Inc. Released 2009. PASW Statistics for 
Windows, Version 18.0. Chicago: SPSS Inc). Normally 
distributed continuous data are presented in terms of 
mean ± standard deviation values. Categorical data are 
presented in terms of number and percentage values. Stu-
dent’s t test and the chi-square test were used for inter-
group comparisons of continuous and categorical varia-
bles, respectively. Paired t tests were used for intragroup 
comparisons of continuous variables. Patient distributions 
per grade were compared between the EEN and LEN 
groups by using Fisher’s exact test and between T1 and 
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T2 by using McNemar’s test. A two-sided p value of 
<0.05 indicated statistical significance. 
 
RESULTS 
Patient characteristics 
A total of 156 potentially eligible patients were identified. 
From them, 82 met the inclusion criteria and thus were 
included in this study. The EEN and LEN groups com-
prised 41 patients each. Table 1 presents the characteris-
tics of the two groups. No significant intergroup differ-
ence was observed in age, sex, ICU score, mechanical 
ventilation duration, comorbidity count, nutritional pa-
rameters, anthropometric parameters, NRS-2002 score, 
albumin concentration, daily protein requirements 
(g/day), or daily calorie requirements (kcal/day). Howev-
er, significant intergroup differences were noted in the 
criteria for SICU admission. The rate of SICU admission 
among patients undergoing neurosurgery was significant-
ly lower in the LEN group than in the EEN group (p < 
0.001). By contrast, the rate of SICU admission among 
patients undergoing gastrointestinal or cardiothoracic 
surgery was significantly higher in the LEN group than in 
the EEN group (gastrointestinal surgery: p = 0.003; cardi-
othoracic surgery: p = 0.018). 

 
 

Effects of EEN and LEN on blood parameters 
Each patient’s degree of compliance with the nutritional 
intervention was evaluated from their plasma nutritional 
markers (Table 2). No significant difference was ob-
served between the two groups in CRP or potassium con-
centration. CRP concentration significantly decreased 
from T1 to T2 in both groups (EEN: −3.60 ± 7.68 mg/dL, 
p < 0.05; LEN: −2.82 ± 7.54 mg/dL, p < 0.05), whereas 
potassium concentration significantly increased (EEN: 
0.37 ± 0.73 mEq/L, p < 0.05; LEN: 0.26 ± 0.63 mEq/L, p 
< 0.05). 

In the EEN group, significant increases were observed 
in albumin concentration (0.29 ± 0.44 g/dL, p < 0.05) and 
lymphocyte count (4.67% ± 5.65%, p < 0.05) from T1 to 
T2. However, a significant reduction was noted in glu-
cose concentration (−25.6 ± 58.1 mg/dL, p < 0.05). By 
contrast, in the LEN group, significant reductions were 
observed in albumin concentration (−0.44 ± 0.67 g/dL, p 
< 0.05), hemoglobin concentration (−1.7 ± 1.35 g/dL, p < 
0.05), sodium concentration (−2.05 ± 6.31 mEq/L, p < 
0.05), and lymphocyte count (−3.41% ± 5.42%, p < 0.05). 
However, a significant increase was noted in blood urea 
nitrogen concentration (9.93 ± 16.0 mg/dL, p < 0.05). 

After the intervention, the LEN group exhibited a lower 
albumin concentration, hemoglobin concentration, and 
lymphocyte count than did the EEN group (albumin: 2.92 

 
Table 1. Baseline characteristics of the EEN and LEN groups 
  

EEN (n= 41 ) LEN (n= 41) p value 
Age (years) 62.7±18.3¶ 67.8±14.0 0.162 
Male (%) 27 (65.9) 25 (61.0) 0.647 
APACHE II score† 20.7±4.45 19.4±6.91 0.299 
GCS score‡ 6.24±2.53 7.76±4.55 0.068 
Mechanical ventilation(%) 40 (97.6) 36 (87.8) 0.090 
ICU admission criteria (%)    
 Neurosurgery 29 (70.7) 10 (24.4) <0.001* 
 Gastrointestinal surgery 0 (0) 8 (19.5) 0.003* 
 Cardiothoracic surgery 5 (12.2) 14 (34.1) 0.018* 
 General Surgery 7 (17.1) 9 (22.0) 0.577 
Number of comorbidities (%)    
 0-1  21 (51.2) 19 (46.3) 0.659 
 ≥2 20 (48.8) 22 (53.7) 0.659 
Nutritional parameters    
 Height (cm) 164±9.15 161±8.89 0.124 
 Weight (kg) 60.3±13.3 61.9±13.3 0.598 
 BMI (kg/m2) 22.4±4.15 23.9±4.26 0.108 
 NRS 2002 score§ 3.41±0.49 3.41±0.49 1.000 
 Albumin < 3 g/dL 13 (31.7) 11 (26.8) 0.627 
Requirements       
 Daily energy     
 kcal/day 1798±197 1768±164 0.467 
 kcal/kg/day 30.8±5.30 29.6±5.75 0.339 
 Daily protein     
 g/day 78.3±12.0 75.4±11.6 0.27 
 g/kg/day 1.33±0.23 1.25±0.20 0.071 

 
EEN, early enteral nutrition; LEN, late enteral nutrition; APACHE II, Acute Physiology and Chronic Health Evaluation II; GCS, Glasgow 
Coma Scale; ICU, intensive care unit; NRS 2002, Nutritional Risk Screening 2002; BMI, body mass index 
Data are presented in terms of number (%) or mean ± standard deviation values 
†The total score on the APACHE II system ranged from 0 to 71. A higher score indicated a higher severity of illness 
‡The GCS was used to evaluate patients in a coma. A higher score indicated a higher level of consciousness. The total score ranged from 3 
to 15 points 
§The NRS 2002 instrument was used to detect undernutrition. Patients with a score of ≥3 points were classified as having a risk of malnu-
trition; these patients received nutritional care 
¶Data are presented in terms of mean ± standard deviation values. 
*p < 0.05 
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± 0.60 g/dL vs. 3.44 ± 0.62 g/dL, p < 0.05; hemoglobin: 
10.3 ± 1.52 g/dL vs. 11.4 ± 2.02 g/dL, p < 0.05; lympho-
cytes: 9.80 ± 5.54 % vs. 15.0 ± 7.95 %, p < 0.05). By 
contrast, the LEN group exhibited a higher glucose con-
centration than did the EEN group (164 ± 71.2 mg/dL vs. 
134 ± 58.2 mg/dL, p < 0.05). 
 
Primary outcomes 
The EEN group had a significantly shorter mean length of 
stay in the SICU, fasting duration before the initiation of 
EN therapy, and length of stay in the hospital than did the 
LEN group (p = 0.047, p < 0.0001, and p = 0.028, respec-
tively). However, no significant between-group difference 
was observed in the average number of days spent on 
mechanical ventilation or the rate of mortality (Table 3). 

On the third day of the intervention, the median calorie 
intake was significantly higher in the EEN group than in 
the LEN group. Specifically, the EN calorie intake and 
total calorie intake of the EEN group were 99% and 47% 
higher, respectively, than those of the LEN group (EN 
calorie intake: 1312 ± 155 vs. 656 ± 596 kcal/day, p < 
0.0001; total calorie intake: 1325 ± 163 vs. 903 ± 400 
kcal/day, p < 0.0001). At T2, the EN calorie intake and 
total calorie intake of the EEN group were 22% and 14% 
higher, respectively, than those of the LEN group (EN 
calorie intake: 1853 ± 271 vs. 1515 ± 276 kcal/day, p < 
0.0001; total calorie intake: 1877 ± 258 vs. 1640 ± 235 
kcal/day, p < 0.0001; Table 3). 

On the third day of the intervention, the median protein 
intake of the EEN group was significantly higher than 
that of the LEN group. Specifically, the EN protein intake 
and total protein intake of the EEN group were 108% and 
24% higher, respectively, than those of the LEN group 
(EN protein intake: 51.5 ± 9.19 vs. 24.7 ± 24.2 g/day, p < 
0.0001; total protein intake: 51.5 ± 9.19 vs. 41.5 ± 13.3 
g/day, p < 0.0001). At T2, the EN protein intake and total 
protein intake of the EEN group were 23% and 16% 
higher, respectively, than those of the LEN group (EN 
protein intake: 76.9 ± 13.3 vs. 62.7 ± 14.9 g/day, p < 

0.0001; total protein intake: 78.8 ± 12.1 vs. 67.7 ± 13.6 
g/day, p < 0.0001; Table 3). 

 
Secondary outcomes 
Changes in anthropometric parameters from T1 to T2—
for example, significant reductions in body weight (−2.93 
± 4.14 kg, p < 0.0001) and BMI (−1.13 ± 1.61 kg/m2, p < 
0.0001)—were observed in the LEN group (Table 4). 

Significant improvements were observed from T1 to T2 
in the ICU scores of the two groups. Specifically, a sig-
nificant increase was observed in the patients’ GCS 
scores (EEN: 2.66 ± 2.60, p < 0.0001; LEN: 2.34 ± 4.78, 
p = 0.003), whereas a significant reduction was observed 
in their APACHE II scores (EEN: −5.12 ± 7.83, p < 
0.0001; LEN: −3.49 ± 8.85, p = 0.016; Table 4). 

At T2, the patients’ NRI scores were significantly high-
er in the EEN group than in the LEN group (94.9 ± 9.05 
vs. 85.0 ± 8.91, p < 0.05). From T1 to T2, the scores sig-
nificantly increased in the EEN group (5.56 ± 7.28, p < 
0.05) but significantly decreased in the LEN group (−8.54 
± 9.46, p < 0.05; Table 4). 

At the end of the study, the distribution of patients per 
grade, as determined by their SGA scores, changed in the 
two groups from T1 to T2 (EEN: p = 0.022; LEN: p = 
0.001). At T2, the distribution of patients per grade was 
better in the EEN group than in the LEN group (p = 
0.044; Table 4). 

 
Redistribution of patients depending on their mGPSs 
From T1 to T2, the distribution of patients per grade, as 
determined by their mGPSs, changed in the two groups 
(EEN: p = 0.086; LEN: p = 0.189). At T2, the distribution 
of patients per grade was better in the EEN group than in 
the LEN group (p = 0.007; Table 5). 
 
DISCUSSION 
In this study, we explored the effects of EEN and LEN on 
the nutritional status of and clinical outcomes in SICU 
patients. Nutritional support is regarded as the corner-
stone of therapy for critical illnesses. In the absence of 

Table 2. Hematology and plasma biochemistry parameters of the EEN and LEN groups† 
  

EEN (n= 41 ) LEN (n= 41) 
At admission At discharge At admission At discharge 

Biochemical     
 CRP (mg/dL) 8.03±7.24† 4.43±6.78‡ 8.34±6.59 5.52±5.80‡ 

Albumin (g/dL)  3.15±0.49 3.44±0.62‡ 3.36±0.65 2.92±0.60‡§ 
 Glucose (mg/dL) 159±70.6 134±58.2‡ 159±67.3 164±71.2§ 
 BUN (mg/dL) 28.5±33.4 30.6±38.1 27.4±20.2 37.3±30.4‡ 
 Creatinine (mg/dL) 1.39±1.36 1.32±1.42 1.59±1.34 1.90±1.92 
 AST (U/L) 34.5±17.4 33.5±16.4 40.5±61.1 42.7±47.9 
 ALT (U/L) 28.9±19.9 34.4±37.0 23.6±11.6 39.0±51.6 
 Sodium (mEq/L) 138±3.92 138±4.80 139±4.03 137±5.33‡ 
 Potassium (mEq/L) 3.75±0.66 4.12±0.52‡ 3.70±0.63 3.96±0.60‡ 
Blood routine     

Hemoglobin (g/dL) 11.3±2.24 11.4±2.02 12.0±2.10 10.3±1.52‡§ 
WBC count (103/mm) 9.88±4.39 9.24±3.56 9.66±4.57 12.0±10.1 

 Lymphocyte (%) 10.4±8.29 15.0±7.95‡ 13.2±6.50 9.80±5.54‡§ 
 
EEN, early enteral nutrition; LEN, late enteral nutrition; CRP, C-reactive protein; BUN, blood urea nitrogen; AST, aspartate transaminase; 
ALT, alanine transaminase; WBC, white blood cell 
†Data are presented in terms of mean ± standard deviation values  
‡p < 0.05; admission vs discharge, paired t test 
§p< 0.05; EEN vs LEN, unpaired t test 
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EN, the disruption of mucosal integrity impairs the gut 
barrier.26 Critical care guidelines typically recommend 
initiating EN within 24–48 h of ICU admission.13 EEN 
improves the intake of nutrients and mitigates the risk of 
malnutrition and associated complications. Malnutrition 
is associated with poor patient outcomes.27 Despite the 
benefits of EEN, it remains underutilized in clinical prac-
tice because it does not consistently yield meaningful 
clinical and financial outcomes (e.g., mortality and length 
of stay) compared with the outcomes of LEN.28 Com-
pared with our LEN group, the EEN group had an im-

proved nutritional status (albumin, hemoglobin, and glu-
cose concentrations and lymphocyte count; Table 2). Fur-
thermore, the time before the initiation of EN therapy was 
significantly shorter in the EEN group than in the LEN 
group, which effectively shortened the length of ICU stay 
and that of hospital stay in the EEN group (Table 3). 

SICU patients typically lack energy and nutrition be-
cause of their inadequate food intake after surgery. Evi-
dence suggests that nutritional status and food intake are 
strongly associated with patients’ quality of life.28 EN can 
be started early in hemodynamically stable patients who 

Table 3. Primary outcomes in the EEN and LEN groups 
 
 EEN (n=41) LEN (n=41) Difference between mean 

(95% CI) 
p value 

Time before ENT (hours) 19.5±13.0‡ 75.5±13.9 -56.0 (-61.9 to -50.1 ) <0.0001 
ICU LOS (day) 15.1±9.44 20.0±18.2 -4.92 (-9.79 to -0.06 ) 0.047 
Length of stay (day) 26.5±10.9 32.3±12.3 -5.75 (-10.9 to -0.64 ) 0.028 
MV (day) 12.5±9.80 13.2±14.2 -0.63 (-5.99 to 4.72 ) 0.814 
Mortality (n) 5(12)† 8(19)  0.364 
Energy (kcal/day)     
 3rd EN  1312±155 656±596 655 (462 to 849) <0.0001 
 % energy goals  73.8±11.8 37.5±34.4 36.4 (25.0 to 47.8) <0.0001 
 3rd EN+PN 1325±163 903±400 67.5 (287 to 557) <0.0001 

 % energy goals 74.6±11.9 51.4±23.4 23.1 (14.9 to 31.3) <0.0001 
 At discharge EN 1853±271 1515±276 338 (218 to 458) <0.0001 
 % energy goals 103±9.43 85.8±14.0 17.2 (11.9 to 22.5) <0.0001 
 At discharge EN+PN 1877±258 1640±235 237 (129 to 346) <0.0001 
 % energy goals 104±8.71 92.8±10.4 11.7 (7.46 to 15.9) <0.0001 
Protein (g/day)     
 3rd EN 51.5±9.19 24.7±24.2 26.8 (18.6 to 34.9) <0.0001 
 % protein goals 67.1±14.3 33.2±33.5 33.9 (22.5 to 45.3) <0.0001 
 3rd EN+PN 51.5±9.19 41.5±13.3 9.98 (4.93 to 15.0) <0.0001 

 % protein goals 67.1±14.3 56.0±19.4 11.1 (3.59 to 18.6) 0.004 
 At discharge EN 76.9±13.3 62.7±14.9 14.1 (7.91 to 20.3) <0.0001 

 % protein goals 98.7±12.9 83.5±16.4 15.2 (8.69 to 21.7) <0.0001 
 At discharge EN+PN 78.8±12.1 67.7±13.6 11.1 (5.41 to 16.7) <0.0001 

 % protein goals 101±13.25 90.4±15.6 11.1 (4.73 to 17.4) 0.001 
 
EEN, early enteral nutrition; ENT, enteral nutrition therapy; EN, enteral nutrition; PN, parenteral nutrition; ICU, intensive care unit; LEN, 
late enteral nutrition; LOS, length of stay; MV, mechanical ventilation 
†Data are presented in terms of number (%) or mean ± standard deviation and 95% confidence interval values 
‡Data are presented in terms of mean ± standard deviation values. 
Significance was set at p < 0.05 
 
 
Table 4. Secondary outcomes in the EEN and LEN groups 
  

EEN (n= 41 ) LEN (n= 41) 
At admission At discharge At admission At discharge 

NRI 89.4±7.26‡ 94.9±9.05§ 93.6±9.74¶ 85.0±8.91§¶ 
Weight (kg) 60.3±13.3 61.4±12.1 61.9±13.3 59.0±12.4§ 
BMI (kg/m2) 22.4±4.15 22.9±3.81 23.9±4.26 22.8±4.01§ 
APACHE II score 20.7±4.45 15.6±8.37§ 19.4±6.91 15.9±7.42§ 
GCS score 6.24±2.53 8.9±3.60§ 7.76±4.55 10.1±4.01§ 
Scored-SGA††     
 Stage A 29† 27 34 17 
 Stage B 3 11 4 14 
 Stage C 9 3 3 10 
 
EEN, early enteral nutrition; LEN, late enteral nutrition; APACHE II, Acute Physiology and Chronic Health Evaluation II; GCS, Glasgow 
Coma Scale; SGA, Subjective Global Assessment; NRI, Nutritional risk Index; BMI, body mass index 
†Data are presented in terms of the number of patients.  
‡Data are presented in terms of mean ± standard deviation values  
§p < 0.05 (admission vs. discharge; paired t test) 
¶p < 0.05 (EEN vs. LEN; unpaired t test) 
††Patient distributions per grade were compared (using Fisher’s exact test) between the two groups (EEN vs LEN) at admission (p = 0.211) 
and at discharge (p = 0.044). In addition, the distributions were compared (using McNemar’s test) between admission and discharge for 
EEN (p = 0.022) and LEN (p = 0.001). 
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are intubated in the SICU. In this study, we identified an 
optimal care pathway for providing EEN to critically ill 
adults to improve their calorie and protein intake (Table 
3). 

Weight loss in ICU patients due to insufficient nutri-
tional intake and malabsorption is a common symptom of 
postoperative malnutrition.29,30 Durán Poveda et al.31 
highlighted insufficient nutritional intake as a reason for 
weight loss and malnutrition in surgical patients, even 
after discharge. A study unveiled various postoperative 
nutritional problems, characterized by malnutrition asso-
ciated with considerable weight loss, and emphasized the 
importance of nutritional interventions for patients after 
discharge.32 In our LEN group, significant reductions 
were observed in both body weight and BMI at discharge 
(Table 4). 

Accurate assessment of nutritional status requires a val-
idated and appropriate instrument. Several comprehensive 
nutritional assessment tools have been developed—for 
example, the SGA, NRS-2002, NRI, and Mini Nutritional 
Assessment tools. In this study, the EEN and LEN groups 
had the same NRS-2002 score at baseline, which indicat-
ed that both groups had similar risks of malnutrition (Ta-
ble 1). Referencing a relevant study,33 we used the SGA 
survey for assessing the nutritional status of critically ill 
adults and investigated the effects of the EEN and LEN 
interventions. Compared with LEN, EEN significantly 
improved the patients’ nutritional status, as indicated by 
their SGA scores at discharge (Table 4). Therefore, the 
SGA survey can serve as a useful nutritional assessment 
tool for critically ill patients both before and after surgery 
and even during the convalescence period.34 

The NRI is a simple screening tool that considers se-
rum albumin concentration, current body weight, and 
optimal body weight. It is used to predict the risk of nutri-
tion-related postoperative morbidity and mortality in crit-
ically ill patients.35 Low albumin concentrations have 
been associated with short- and intermediate-term mortal-
ity.36,37 In our study, the LEN group exhibited considera-
ble deterioration in overall nutritional status, character-
ized by signs such as weight loss. By contrast, the EEN 
group maintained a good nutritional status, as indicated 
by the NRI and SGA scores (Table 4). 

Predictive ICU scoring systems are tools that evaluate 
the extent of an ICU patient’s illness and predict disease 

prognosis, usually in terms of mortality.20 Currently, criti-
cally ill patients admitted to the ICU are evaluated on the 
basis of their physiological state and the primary cause 
leading to a condition necessitating continuous monitor-
ing. In this study, we used the GCS and the APACHE II 
system for patient evaluation. The GCS exhibits high ac-
curacy in predicting in-hospital outcomes in trauma pa-
tients. Given its ease of use and calculation, the GCS can 
be regarded as the optimal predictive tool for this patient 
population.38 In our study, both the EEN and LEN groups 
exhibited significant improvements in their APACHE II 
and GCS scores at discharge (Table 4). 

The mGPS is independently associated with mortality 
in critically ill ICU patients.39 Oh et al. reported that the 
mGPS calculated at ICU admission independently pre-
dicted both 28-day and 1-year mortality after admission.40 
In our study, the EEN group had a significantly better 
mGPS at discharge than did the LEN group (Table 5). 

This study has some limitations. First, the sample size 
was relatively small. This may limit the risk of random 
variability and generalizability of the results. Second, 
because the retrospective nature of this study, we lacked 
comprehensive data on EEN and LEN—for example, 
information on drugs or antibiotics used during hospital 
stay. These factors may affect nutritional status and clini-
cal outcomes. Retrospective studies have less control over 
variables and potential confounders since they rely on 
pre-existing data. We minimize information bias through 
standardized data collection, and we reduce selection bias 
by using inclusion and exclusion criteria. Including con-
trol groups also helps compare outcomes and further re-
duces selection bias. Finally, between-group differences 
in baseline characteristics might have influenced the clin-
ical outcomes, such as in the criteria for admission to the 
SICU (Table 1). This may affect the interpretation of the 
results. For example, patients undergoing different types 
of surgery (such as neurosurgery, gastrointestinal surgery, 
etc.) may have different nutritional needs and recovery 
processes. Since the study was conducted at a single cen-
ter with a small sample size, the generalizability of the 
results may be limited. Nutritional status and treatment 
responses may vary among different regions, different 
levels of medical care, and different patient groups. De-
spite these limitations, our study demonstrates the bene-
fits of EEN. However, nutritional status and treatment 

Table 5. Distribution of the mGPS in the study population†‡§¶ 
  

EEN (n= 41 ) LEN (n= 41) 
At admission At discharge At admission At discharge 

Grade 0 29‡ 37 33 26 
Grade 1 2 1§ 3 2 
Grade 2 10 3 5 13 

 
EEN, early enteral nutrition; LEN, late enteral nutrition; mGPS, modified Glasgow prognostic score 
†The risk of malnutrition or inflammation was evaluated using the mGPS. A score of 0 points indicated a serum C-reactive protein (CRP) 
concentration of ≤10 mg/L. A score of 1 point indicated a serum CRP concentration of >10 mg/L and a serum albumin concentration of 
≥35 g/L. A score of 2 points indicates a serum CRP concentration of >10 mg/L and a serum albumin concentration of <35g/L 
‡Data are presented in terms of the number of patients 
§Patient distributions per grade were compared (using Fisher’s exact test) between the two groups (EEN vs LEN) at admission (p = 0.389) 
and at discharge (p = 0.007). In addition, the distributions were compared (using McNemar’s test) between admission and discharge for 
EEN (p = 0.086) and LEN (p = 0.189) 
¶Patients were stratified by the mGPS into three groups: a low-risk group (mGPS = 0 points), an intermediate-risk group (mGPS = 1 point), 
and a high-risk group (mGPS = 2 points)  
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responses may vary among different regions, levels of 
medical care, and patient groups; therefore, caution 
should be exercised when generalizing the results to other 
populations. 

 
Conclusion 
This study indicates that EEN improves the nutritional 
status of SICU patients. EEN shortens patients’ SICU and 
hospital stays and increases their actual calorie and pro-
tein intake at discharge. Despite its limitations and short-
comings, the study provides valuable insights into the 
application of early enteral nutrition in surgical intensive 
care unit patients and lays a foundation for further re-
search. Future studies could consider using a larger-scale 
prospective design to better control variables and improve 
the reliability of the results. Additionally, long-term fol-
low-up could enhance our understanding of the sustained 
impact of nutritional interventions on patient recovery 
and quality of life. 
 
ACKNOWLEDGEMENTS 
We thank the co-authors of this article and the involved re-
searchers from the Department of Surgery, Chung Shan Medical 
University Hospital, Taiwan. In addition, we thank the staff at 
the Health Data Analytics and Statistics Center, Office of Data 
Science, Chung Shan Medical University Hospital, for provid-
ing statistical consultation and editing the figures. 
 
CONFLICT OF INTEREST AND FUNDING DISCLO-
SURES 
All authors declared to have no conflict of interests in this man-
uscript.  

This study was supported by Chung Shan Medical University 
Hospital, Taiwan (grant number: CSH-2023-A-022). 
 
REFERENCES 
1. Marshall JC, Bosco L, Adhikari NK, Connolly B, Diaz JV, 

Dorman T, et al. What is an intensive care unit? A report of 
the World Federation of Societies of Intensive and Critical 
Care Medicine task force. J Crit Care. 2017; 37:270-6. doi: 
10.1016/j.jcrc.2016.07.015.    

2. Mohialdeen Gubari MI, Hosseinzadeh-Attar MJ, Hosseini 
M, Mohialdeen FA, Othman H, Hama-Ghareeb KA, et al. 
Nutritional status in intensive care unit: a meta-analysis and 
systematic review. Galen Med J. 2020; 9:e1678. doi: 
10.31661/gmj.v9i0.1678.   

3. Fadeur M, Preiser JC, Verbrugge AM, Misset B, Rousseau 
AF. Oral nutrition during and after critical illness: spices for 
quality of care. Nutrients. 2020; 12:3509. doi: 
10.3390/nu12113509. 

4. Griffith DM, Lewis S, Rossi AG, Rennie J, Salisbury L, 
Merriweather JL, et al. Systemic inflammation after critical 
illness: Relationship with physical recovery and exploration 
of potential mechanisms. Thorax. 2016; 71:820-9. doi: 
10.1136/thoraxjnl-2015-208114.   

5. Preiser JC, Ichai C, Orban JC, Groeneveld AB. Metabolic 
response to the stress of critical illness. Br J Anaesth. 2014; 
113:945-54. doi: 10.1093/bja/aeu187.   

6. Yamamoto S, Allen K, Jones KR, Cohen SS, Reyes K, 
Huhmann MB. Meeting calorie and protein needs in the 
critical care unit: a prospective observational pilot study. 
Nutr Metab Insights. 2020; 13:1178638820905992. doi: 
10.1177/1178638820905992.    

7. Lew CCH, Yandell R, Fraser RJL, 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; 41:744-58. doi: 
10.1177/0148607115625638.     

8. Correia MITD, Perman MI, Pradelli L, Omaralsaleh AJ, 
Waitzberg DL. Economic burden of hospital malnutrition 
and the cost-benefit of supplemental parenteral nutrition in 
critically ill patients in Latin America. J Med Econ. 2018; 
21:1047-56. doi: 10.1080/13696998.2018.1500371.    

9. Kondrup J. Nutritional-risk scoring systems in the intensive 
care unit. Curr Opin Clin Nutr Metab Care. 2014; 17:177-
82. doi: 10.1097/MCO.0000000000000041.    

10. Andersen S, Banks M, Bauer J. Nutrition support and the 
gastrointestinal microbiota: a systematic review. J Acad 
Nutr Diet. 2020; 120:1498-516. doi: 
10.1016/j.jand.2020.04.024.    

11. Szefel J, Kruszewski WJ, Buczek T. Enteral feeding and its 
impact on the gut immune system and intestinal mucosal 
barrier. Prz Gastroenterol. 2015; 10:71-7. doi: 
10.5114/pg.2015.48997.    

12. Schörghuber M, Fruhwald S. Effects of enteral nutrition on 
gastrointestinal function in patients who are critically ill. 
Lancet Gastroenterol Hepatol. 2018; 3:281-7. doi: 
10.1016/S2468-1253(18)30036-0.   

13. Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC, 
Casaer MP, et al. ESPEN guideline on clinical nutrition in 
the intensive care unit. Clin Nutr. 2019; 38:48-79. doi: 
10.1016/j.clnu.2018.08.037.   

14. McClave SA, Taylor BE, Martindale RG, Warren MM, 
Johnson DR, Braunschweig C, et al. Society of critical care 
medicine; American society for parenteral and enteral 
nutrition. 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; 40:159-211. doi: 
10.1177/0148607115621863.     

15. Jang H, An S, Lee N, Jeong E, Park Y, Kim J, Jo Y. Factors 
associated with enteral nutrition tolerance after trauma 
laparotomy of the small bowel and mesenteric injuries by 
blunt trauma. BMC Surg. 2023; 23:61. doi: 10.1186/s12893-
023-01955-2.     

16. Reintam Blaser A, Starkopf J, Alhazzani W, Berger MM, 
Casaer MP, Deane AM et al. ESICM working group on 
gastrointestinal function. early enteral nutrition in critically 
ill patients: ESICM clinical practice guidelines. Intensive 
Care Med. 2017; 43:380-98. doi: 10.1007/s00134-016-4665-
0.      

17. Fuentes Padilla P, Martínez G, Vernooij RW, Urrútia G, 
Roqué I Figuls M, Bonfill Cosp X. Early enteral nutrition 
(within 48 hours) versus delayed enteral nutrition (after 48 
hours) with or without supplemental parenteral nutrition in 
critically ill adults. Cochrane Database Syst Rev. 2019; 
2019:CD012340. doi: 10.1002/14651858.CD012340.     

18. Huang HH, Hsu CW, Kang SP, Liu MY, Chang SJ. 
Association between illness severity and timing of initial 
enteral feeding in critically ill patients: a retrospective 
observational study. Nutr J. 2012; 11:30. doi: 10.1186/1475-
2891-11-30.    

19. Brennan PM, Whittingham C, Sinha VD, Teasdale G. 
Assessment of level of consciousness using Glasgow Coma 
Scale tools. BMJ. 2024; 26;384:e077538. doi: 10.1136/bmj-
2023-077538.  

20. Mumtaz H, Ejaz MK, Tayyab M, Vohra LI, Sapkota S, 
Hasan M, et al. APACHE scoring as an indicator of 
mortality rate in ICU patients: a cohort study. Ann Med 
Surg (Lond). 2023; 85:416-21. doi: 
10.1097/MS9.0000000000000264.   



618                                     P-C Chao, FC-F Lin, H-H Liao, L-H Chou and C-F Lee 

21. Zierle-Ghosh A, Jan A. Physiology, Body Mass Index. 2023 
Nov 5. In: StatPearls [Internet]. Treasure Island (FL): 
StatPearls Publishing; 2025.  

22. Hersberger L, Bargetzi L, Bargetzi A, Tribolet P, Fehr R, 
Baechli V, et al. Nutritional risk screening (NRS 2002) is a 
strong and modifiable predictor risk score for short-term and 
long-term clinical outcomes: secondary analysis of a 
prospective randomised trial. Clin Nutr. 2020; 39:2720-9. 
doi: 10.1016/j.clnu.2019.11.041.    

23. Duerksen DR, Laporte M, Jeejeebhoy K. Evaluation of 
nutrition status using the subjective global assessment: 
malnutrition, cachexia, and sarcopenia. Nutr Clin Pract. 
2021; 36:942-56. doi: 10.1002/ncp.10613.   

24. Kundu R, Seeger R, Elfassy MD, Rozenberg D, Ahluwalia 
N, Detsky ME, et al. The association between nutritional 
risk index and ICU outcomes across hematologic 
malignancy patients with acute respiratory failure. Ann 
Hematol. 2023; 102:439-45. doi: 10.1007/s00277-022-
05064-7. 

25. Altay S, Gürdoğan M, Keskin M, Kardaş F, Çakır B. The 
inflammation-based glasgow prognostic score as a 
prognostic factor in patients with intensive cardiovascular 
care unit. Medicina (Kaunas). 2019; 55:139. doi: 
10.3390/medicina55050139. 

26. Wu J, Ma N, Johnston LJ, Ma X. Dietary nutrients mediate 
intestinal host defense peptide expression. Adv Nutr. 2020; 
11:92-102. doi: 10.1093/advances/nmz057. 

27. Schuetz P, Seres D, Lobo DN, Gomes F, Kaegi-Braun N, 
Stanga Z. Management of disease-related malnutrition for 
patients being treated in hospital. Lancet. 2021; 398:1927-
38. doi: 10.1016/S0140-6736(21)01451-3. 

28. Borel AL, Schwebel C, Planquette B, Vésin A, Garrouste-
Orgeas M, Adrie C, et al. Initiation of nutritional support is 
delayed in critically ill obese patients: a multicenter cohort 
study. Am J Clin Nutr. 2014; 100:859-66. doi: 
10.3945/ajcn.114.088187. 

29. Feasel-Aklilu S, Marcus A, Parrott JS, Peters E, Byham-
Gray L. Is nutrition specific quality of life associated with 
nutritional status? J Ren Nutr. 2018; 28:283-91. doi: 
10.1053/j.jrn.2017.12.011. 

30. Park JY, Kim YJ. Successful laparoscopic reversal of gastric 
bypass in a patient with malnutrition. Ann Surg Treat Res. 
2014; 87:217-21. doi: 10.4174/astr.2014.87.4.217.  

31. Santos HVDD, Araújo IS. Impact of protein intake and 
nutritional status on the clinical outcome of critically ill 
patients. Rev Bras Ter Intensiva. 2019; 31:210-6. doi: 
10.5935/0103-507X.20190035. 

32. Durán Poveda M, Suárez-de-la-Rica A, Cancer Minchot E, 
Ocón Bretón J, Sánchez Pernaute A, Rodríguez Caravaca G; 
PREMAS Study Group. The prevalence and impact of 

nutritional risk and malnutrition in gastrointestinal surgical 
oncology patients: a prospective, observational, multicenter, 
and exploratory study. Nutrients. 2023; 15:3283. doi: 
10.3390/nu15143283. 

33. Lee HO, Han SR, Choi SI, Lee JJ, Kim SH, Ahn HS, et al. 
Effects of intensive nutrition education on nutritional status 
and quality of life among postgastrectomy patients. Ann 
Surg Treat Res. 2016; 90:79-88. doi: 
10.4174/astr.2016.90.2.79. 

34. Kaddoura R, Shanks A, Chapman M, O'Connor S, Lange K, 
Yandell R. Relationship between nutritional status on 
admission to the intensive care unit and clinical outcomes. 
Nutr Diet. 2021; 78:128-34. doi: 10.1111/1747-0080.12637. 

35. Bector S, Vagianos K, Suh M, Duerksen DR. Does the 
subjective global assessment predict outcome in critically ill 
medical patients? J Intensive Care Med. 2016; 31:485-9. 
doi: 10.1177/0885066615596325. 

36. Sasaki M, Miyoshi N, Fujino S, Ogino T, Takahashi H, 
Uemura M, et al. The Geriatric Nutritional Risk Index 
predicts postoperative complications and prognosis in 
elderly patients with colorectal cancer after curative surgery. 
Sci Rep. 2020; 10:10744. doi: 10.1038/s41598-020-67285-
y. 

37. Mas-Peiro S, Papadopoulos N, Walther T, Zeiher AM, 
Fichtlscherer S, Vasa-Nicotera M. Nutritional risk index is a 
better predictor of early mortality than conventional 
nutritional markers after transcatheter aortic valve 
replacement: a prospective cohort study. Cardiol J. 2021; 
28:312-20. doi: 10.5603/CJ.a2019.0038. 

38. Kim SM, Ryoo SM, Shin TG, Jo YH, Kim K, Lim TH, et al. 
Early mortality stratification with serum albumin and the 
sequential organ failure assessment score at emergency 
department admission in septic shock patients. Life. 2024; 
14:1257. doi:.org/10.3390/life14101257. 

39. Khari S, Zandi M, Yousefifard M. Glasgow coma scale 
versus physiologic scoring systems in predicting the 
outcome of ICU admitted trauma patients: a diagnostic 
accuracy study. Arch Acad Emerg Med. 2022; 10:e25. doi: 
10.22037/aaem.v10i1.1483. 

40. Tunay B, Olmez OF, Bilici A, Bayramgil A, Cavusoglu GD, 
Oz H. The modified Glasgow prognostic score (MGPS) and 
the mortality prediction model II (MPM II) can predict 
mortality in patients with breast cancer admitted to intensive 
care: A retrospective cohort study. J Surg Med. 2023; 7:6-
10. doi: 10.28982/josam.7606. 

41. Oh AR, Ryu JA, Lee SJ, Kim CS, Lee SM. Association 
between inflammation-based prognostic markers and 
mortality in patients admitted to intensive care units. 
Diagnostics (Basel). 2024; 14:1709. doi: 
10.3390/diagnostics14161709. 

 


