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Abstract- Early commencement of enteral nutrition (EEN) in critically ill patients requiring mechanical 

ventilation may improve outcomes. But there is a lack of enough data regarding EEN effects on COPD 

exacerbation patients’ outcomes. This retrospective study involved 129 COPD exacerbation patients who 

received invasive mechanical ventilation in ICU. The clinical outcomes were compared based on the timing of 

enteral nutrition (<48h vs >48h) during 60 days of ICU stay. We surveyed and analyzed mortality, pleural 

effusion, ventilator-associated pneumonia, weaning failure, cardiac arrhythmias, GI bleeding, electrolyte 

imbalances, renal dysfunction and length of ICU stay. All analyses were performed using SPSS software 

version 22.0. 129 COPD-exacerbated patients (EEN group n=66; DEN group n=63) who met the inclusion 

criteria were enrolled in the study. EEN group had a lower death rate (39% vs 44.4%) than the DEN group, but 

no significant difference was found in the overall mortality during the 60-day follow-up (P 0.561). The EEN 

group also had lower ICU stay and pleural effusion rate than the DEN group (P:0.006 and 0.020 respectively). 

No significant differences were found in other outcomes. Early enteral nutrition might be associated with 

shorter ICU stay and lower odd ratio of acquisition of pleural effusion in COPD patients requiring invasive 

mechanical ventilation. EEN could not decrease mortality rate compared with DEN in the current study.  

© 2023 Tehran University of Medical Sciences. All rights reserved.  

Acta Med Iran 2023;61(9):547-554. 
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Introduction 
 

Nutritional support plays a pivotal role in the clinical 

management of critically ill patients under mechanical 

ventilation (1,2). Based on the latest international 

guidelines, enteral nutrition is being preferred over 

parenteral nutrition and should be initiated as early as 

possible in patients requiring invasive mechanical 

ventilation (2-4). The starting of enteral nutrition within 

48 hours after endotracheal intubation and mechanical 

ventilation may improve outcomes in critically ill patients 

(5-7). Early enteral nutrition (EEN) within 24 to 48 hours 

of ICU admission can preserve gastrointestinal mucosa 

integrity, enhance immune responses and diminish 

nosocomial infection possibilities (2); also, increased 

immunoglobulin A production that produces protection 

versus airway infections (8). A meta-analysis, by Tian. F 

in 2018, showed that EEN reduced mortality rate and 

pneumonia when compared with delayed enteral nutrition 

(DEN) in ICU patients; they revealed that there was an 

association between the onset of malnutrition and 

decreased immune function that developed nosocomial 

infections, impaired respiratory function and increased 

risk of death in critical illnesses (9).  

Chronic obstructive pulmonary disease (COPD) is a 

progressive multi-organ systemic chronic disease, in 

which the patient’s protein requirement increases (1,10-

12). On the other hand, nutritional depletion in COPD is 
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a complex issue that can lead to imbalances of energy, 

protein, and periods of inflammation. This can result in 

weight loss, sarcopenia, and pulmonary cachexia (10). In 

fact, the etiology of malnutrition in COPD is very 

complex and multi-factorial and the rate of mortality can 

increase more in the presence of malnutrition in critically 

ill patients requiring admission to ICU (8).  

COPD patients during acute exacerbation need both 

respiratory and nutritional support in the intensive care 

unit, and poor body weight and less fat free mass 

recognized as poor prognostic factors (13-15). Indeed, 

increased action of breathing, hypermetabolism, 

hypoxemia and systemic inflammation play a key role in 

developing cachexia and deteriorating clinical outcomes 

in COPD patients admitted to ICU (1). Insufficient 

nutritional supply results in increased susceptibility to 

infections, weight loss and reduction in muscle mass and 

imbalances of energy; therefore, it may have undesirable 

impact on patients’ outcomes and mortality especially in 

COPD patients who have marginal ventilatory reserve 

(1,8,16). Shruti K et al., mentioned that the reported 

mortality rate related to COPD exacerbation was ranging 

from 11% to 32%. It is much higher in several research 

reports on COPD cases requiring invasive mechanical 

ventilation for their acute exacerbation (17). Padilla 

conducted a systematic review and showed that 

uncertainty regarding early enteral nutrition, compared 

with delayed enteral nutrition, affects the risk of mortality 

within 30 days (18). Additionally, Moon et al., reported 

that the optimal timing of enteral nutrition in sepsis 

patients is controversial among societal guidelines (19). 

Given that, there is a lack of enough data upon EEN 

effects on COPD exacerbation outcomes, and also 

because of the controversy against the relation between 

the early commencement of enteral nutrition and 

mortality rate in critically ill patients, the current study 

was designed retrospectively to answer the question 

whether EEN could effect on mortality rate and other 

outcomes in COPD patients with exacerbation requiring 

IMV. 

 

Materials and Methods 

 

Participants and study design  

This study has been approved by the ethics committee 

of Tehran University of Medical Sciences (Approval 

number: 1400-1-101-51620). The current retrospective 

observational study was conducted at the Baharloo 

Hospital, a general teaching hospital, from January 2017 

to May 2023. All information from patients’ profiles was 

collected confidentially and used only for this study. 

Patient information was not reported individually, and all 

information was reported in groups. The patient’s legal 

guardian was properly informed about the study, and 

informed consent was obtained. Adult patients with 

COPD exacerbation who were admitted to ICU and 

supported by invasive mechanical ventilation were 

retrospectively analyzed. Patients were divided into two 

groups according to the initiation time of enteral nutrition. 

Nutritional support was started within the first 48 hours 

of admission at ICU in early enteral nutrition (EEN) 

group. The initiation of nutritional support after 48 hours 

was defined as delayed enteral nutrition (DEN); the 

crystalloid fluid was administered to compensate for 

DEN group’s fluid requirement in the first 48 h of ICU 

admission. The enrolled patients were followed during 60 

days to investigate the effect of EEN on the mortality and 

other outcomes of COPD patients. Demographic data, the 

rate of pleural effusion, ventilator associated pneumonia 

(VAP), weaning failure from mechanical ventilator, 

electrolyte imbalances, GI bleeding, cardiac arrhythmias 

and length of ICU stay were retrospectively analyzed. 

The study was retrospective, and data gathered from 

written medical records; therefore, the patient’s selection 

was not conducted blindly. 

 

Subject and exclusion criteria 

The smoker or ex-smoker patients who were 

diagnosed and previously treated by an internist as COPD 

patients and needed ICU respiratory care with invasive 

mechanical ventilation were selected. The age of enrolled 

patients was between 40 and 80 years old. Those patients 

who had uremia, GFR less than 50 mL/min/ 1.73 m2 (20), 

heart failure, liver dysfunction, or diabetes mellitus were 

excluded. Also, those who experienced septic shock or 

needed high doses of inotropic drugs were excluded from 

the study. Moreover, the patients who experienced GIB 

within the first 72 hours of admission and were deprived 

of enteral nutrition were removed from the study. 

 

Definition  

Early enteral nutrition (EEN) was defined as a 

standard formula started within 48 hours of ICU 

admission; the initiation of enteral nutritional support 

after 48 hours was considered as delayed enteral nutrition 

(DEN). The hospital-approved formula was delivered via 

a 14-16 French gastric tube. Patients with enteral 

intolerance during the study period were excluded (21).  

Chronic obstructive pulmonary disease (COPD) was 

described by irreversible airflow obstruction and 

advanced reduction of lung function based on the Global 

Initiative for Obstructive Lung Disease (GOLD) and the 
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European Respiratory Society (ERS) (22). 

Weaning failure from mechanical ventilation was 

characterized by the failure of spontaneous breathing trial 

(SBT) or the need for re-intubation within 48 h following 

endotracheal extubation (23). 

Pleural effusion was diagnosed by an internist through 

medical examination and chest x-ray. Then, the 

radiography and ultrasonography findings were double 

checked by radiologist. If the amount of pleural fluid was 

more than 200 ml, the finding was considered as pleural 

effusion (24). 

Ventilator associated pneumonia (VAP) was specified 

as a lower respiratory tract infection taking place after at 

least 48 hours of endotracheal intubation (25). VAP was 

confirmed by bacteriological results from a distal 

respiratory specimen in each suspected patient. Broncho-

alveolar lavage or tracheobronchial aspiration were used 

in this regard (2). 

The normal range of serum sodium (NA+) and 

potassium (K+) concentration were defined as 135-145 

mEq/L and 3.5-5 mEq/L respectively. The normal range 

of calcium (Ca++) was specified as 8.2 mg/dl-10.4 mg/dl, 

and for magnesium (Mg++) it was 1.9-2.7 mg/dl. 

Electrolyte imbalances were specified as the serum 

electrolyte levels were outside the normal range.  

A decrease in Glomerular filtration rate (GFR) of 

more than 50% of its base line was determined as 

impaired renal function.  

Nasogastric tube secretions of more than 50 ml 

containing bright red blood or dark brown resembling 

coffee grounds in texture was considered as upper GI 

bleeding; black or tarry stool was defined as lower GI 

bleeding. Every event of upper or lower gastrointestinal 

bleeding (GIB) was recorded.  

 

Outcomes 

The primary outcome of interest was mortality. ICU 

length of stay, VAP, pleural effusion, weaning failure, 

cardiac arrhythmias, GIB, electrolyte imbalances and 

impaired renal function were evaluated as secondary 

outcomes. 

 

Data collection  

Relevant data were retrospectively collected through 

patients' medical record sheets. This data included 

demographic characteristics, length of ICU stays, 

laboratory findings, pleural effusion, cardiac arrhythmias, 

GI bleeding, mechanical ventilation weaning failure, 

ventilator-associated pneumonia, information concerning 

the underlying diseases and mortality, as a primary 

outcome, within 60 days. 

Statistical analysis 

The mean±standard deviation or frequency (percent) 

were used for numeric and categorical variables, 

respectively. The student’s independent test was used to 

compare two continuous variables and chi-square test was 

applied to examine differences between two categorical 

variables. The association between feeding and the 

pleural effusion was assessed using a logistics regression 

model adjusted for VAP and GFR as confounders. All 

data analyses were performed with Stata software, and a 

P of less than 0.05 was considered significant. 

 

Results 
 

A total of 158 medical records concerning critically ill 

COPD patients who needed invasive mechanical 

ventilation were entered in this study and retrospectively 

analyzed. Because of missing or incomplete data in 

patients, record sheets, and also because of failure to 

follow-up for several cases, 29 patients were removed 

from the survey. Finally, 129 patients entered the study; 

66 cases were registered in the early enteral nutrition 

group (<48 h), and 63 patients entered in the delayed 

enteral nutrition group.  

All variables, characteristics of patients and 

outcomes, are summarized in Table 1. The mean age of 

the EEN group was 70.09±8.54 years and for the DEN 

group, it was 69.95±8.82 years. Of the 66 patients in the 

EEN group, 55 cases (83.3%) were male, and in the DEN 

group 54 patients (85.7%) were male participants. The 

mean of BMI was 25.68±4.52 and 26.02±4.68 in EEN 

and DEN group, respectively. Differences in age, sex and 

BMI were not statistically significant between the two 

groups.  

The ICU length of stay was statistically different 

between the two groups. The mean days of ICU length of 

stay was 15.85±11.91 and 22.17±13.87 for EEN and DEN 

group, respectively. (P:0.006) Of 129 total patient 

population, 54 cases (41.9%) died. The rate of death was 

lower in the EEN group compared with the DEN group 

(39.4% vs 44.4%), but no significant difference was 

found in the overall mortality for 60 day- follow up 

between two groups. (P:0.561) The rate of pleural 

effusion in DEN group (63.5 %) was significantly higher 

than EEN group (43.9%). (P:0.020) Except for the pleural 

effusion and ICU length of stay, there were no significant 

differences in other outcomes including VAP, weaning 

failure, cardiac arrhythmias, GIB, electrolyte imbalances 

and renal dysfunction among study participants (P:>0.05) 

(Table 1). 

Furthermore, in the current study, of 129 total study 
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population, 69 patients developed pleural effusion (PE) 

and 60 cases did not experience PE problem. Therefore, 

several important variables were compared between 

COPD patients who developed pleural effusion (PE) and 

cases without PE during the study period. No significant 

differences were found between the two groups 

comparing age, BMI and gender. (P:0.926, 0.839 and 

0.525 respectively). However, VAP rate and renal 

dysfunction frequency were significantly higher in cases 

with pleural effusion than the other participants without 

pleural effusion. VAP was reported in 17 cases (24.6%) 

and 7 patients (11.7%) in PE group and cases without PE 

respectively (P:0.059, borderline significant). Renal 

dysfunction was diagnosed in 17 PE cases (24.6%) 

compared to 4 patients (6.7%) in group without PE 

(P:0.006). Moreover, the rate of PE was significantly 

lower in the early enteral nutrition (EEN) cases, 42%, 

compared to delayed enteral nutrition (DEN), 58 % 

(P:0.026) (Table 2).  

Pleural effusion odd ratio between EEN and DEN 

group has demonstrated in Table 3. After adjusting the 

confounding variables, the odd ratio for acquisition of 

pleural effusion was compared between EEN and DEN 

group. The odd of pleural effusion occurrence in DEN 

cases was 2.34 times more than EEN patients. (CI: 95% 

and P:0.023). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Characteristics and outcomes in COPD exacerbation patients requiring invasive mechanical 

ventilation 

Variables 
Total 

(n=129) 

Enteral nutrition after ICU admission 

P EEN (n=66)<48 

h 

DEN (n=63) 

>48h 

Age, year (Mean±SD) 70.02 ± 8.65 70.09 ± 8.54 69.95 ± 8.82 0.928 

Gender n (%) 
Male 109 (84.5) 55 (83.3) 54 (85.7) 

0.709 
Female 20 (15.5) 11 (16.7) 9 (14.3) 

BMI, Kg/M2 (Mean±SD) 25.84 ± 4.59 25.68 ± 4.52 26.02 ± 4.68 0.681 

ICU LOS*, day (Mean±SD) 18.94±13.4 15.85 ± 11.91 22.17 ± 13.87 0.006 

Mortality n (%) 
Death 54 (41.9) 26 (39.4) 28 (44.4) 

0.561 
Alive 75 (58.1) 40 (60.6) 35 (55.6) 

VAP* n (%) 24 (18.6) 12 (18.2) 12 (19) 0.899 

Pleural effusion n (%) 69 (53.5) 29 (43.9) 40 (63.5) 0.020 

Weaning failure n (%) 34 (26.4) 15 (22.7) 19 (30.2) 0.338 

Cardiac arrhythmias n (%) 39 (30.2) 18 (27.3) 21 (33.3) 0.454 

GIB* n (%) 11 (8.5) 5 (7.6) 6 (9.7) 0.711 

GFR* < 50% n (%) 21 (16.3) 11 (16.7) 10 (15.9) 0.936 

Electrolyte 

imbalances**n 

(%) 

Na+ 35(27.3) 16(24.2) 19(30.6) 0.417 

K+ 38(29.5) 17(25.8) 21(33.3) 0.374 

Ca++ 19(14.7) 10(15.2) 9(14.3) 0.861 

Mg++ 23(17.8) 11(16.7) 12(19) 0.754 

*Data are expressed as mean ± standard deviation or frequency (percent) 
ICU: intensive care unit, LOS: length of stay; BMI: body mass index; VAP: ventilator-associated pneumonia; GFR: glomerular filtration 

rate; GIB: gastrointestinal bleeding 
** Electrolyte imbalances: values under or upper than normal range  

Table 2. Clinical variables between COPD patients who experiencing pleural effusion compared to 

patients without pleural effusion 

Variables 

With Pleural effusion 

(PE+) 

(n=69) 

Without Pleural 

effusion (PE-) 

(n=60) 

P 

Frequency (percent) Frequency (percent) P 

Age, year (Mean±SD) 69.96±8.41 70.10 ±8.98 0.926 

BMI, Kg/M2 (Mean±SD) 25.77±4.48 25.93±4.74 0.839 

Gender 
Male n (%) 57 (82.6) 52 (86.7) 

0.525 
Female n (%) 12 (17.4) 8 (13.3) 

VAP  

With VAP n 

(%) 
17 (24.6) 7 (11.7) 

0.059 
Without VAP n 

(%) 
52 (75.4) 53 (88.3) 
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Discussion 
 

In the present study, administration of early enteral 

nutrition (EEN) within the first 48 h of ICU admission 

reduced the ICU length of stay in critically ill COPD 

patients; however, it had no impact on mortality reduction 

and VAP rate in the study population. Moreover, the EEN 

group developed a lower rate of pleural effusion (PE) 

compared with DEN group. In a similar way, X. Zheng et 

al., stated that no significant difference was found in the 

risk of mortality regarding initiation of EEN within 48 h 

comparing DEN for critically ill patients (26). Consistent 

with our results, Zheng also revealed that early EEN 

reduced the duration of mechanical ventilation and 

lengths of hospital stay, but it has no distinct effect on 

mortality in the patients with sepsis under mechanical 

ventilation (20). In another study, F. Tian et al., stressed 

that there was no difference in mortality between EEN 

and all other forms of nutrition support in critically ill 

patient populations. They identified 16 RCTs that 

compared EEN commenced within the first 24 hours of 

ICU admission with DEN or other types of nutritional 

support. They concluded that risk of developing 

pneumonia decreased after the beginning of EEN, but the 

authors failed to find a statistically significant difference 

regarding ICU length of stay or duration of invasive 

mechanical ventilation (IMV) between groups (9). 

On the other hand, G. Doig et al., demonstrated that 

there was a statistically significant reduction in mortality 

and pneumonia attributable to early initiation of enteral 

nutrition during ICU admission. However, they argued 

about the small trial size and low trial quality of studies 

in their systematic review, and they suggested that the 

findings of this meta-analysis should be confirmed by 

large scale multi-center studies (6). Also, Peng-Fei Li and 

associates presented that even in traumatically ill patients, 

EEN could reduce mortality rate and hospital length of 

stay (27). Contrary to their findings, our single-center 

study found no significant differences regarding mortality 

rate and ventilator associated pneumonia. 

Nevertheless, pleural effusion was significantly 

higher in DEN group compared with EEN cases. (P:0.02) 

In fact, in our study, the adjusted odd ratio for acquisition 

of pleural effusion in DEN group was 2.34 times more 

than EEN patients. The Crude OR, which was adjusted 

for low GFR, VAP, sex, and age, helps to understand how 

adjusting for these variables impacts the effect of the 

nutrition variable on pleural effusion. (CI: 95%; P:0.023, 

and adjusted for AGE, SEX, GFR and VAP). Pleural 

effusions in critically ill patients can be attributed to 

several factors, including heart failure, pneumonia, 

hypoalbuminemia, and fluid overload (28). In our study, 

the DEN group was administered pure crystalloid fluid 

for the initial 48 hours. It is plausible that the increased 

fluid intake in the DEN group elevated the hydrostatic 

pressure, thereby potentially contributing to a higher 

prevalence of pleural effusion. Consequently, acquisition 

of pleural effusion in patients under mechanical 

Cont. table 2. 

GFR  

Impaired GFR 

n (%) 
17 (24.6) 4 (6.7) 

0.006 
Normal GFR n 

(%) 
52 (75.4) 56 (93.3) 

Feeding 

status 

Early feeding n 

(%) 
29 (42) 37 (61.7) 

0.026 
Late feeding n 

(%) 
40 (58) 23 (38.3) 

*Data are expressed as mean±standard deviation or frequency (percent) BMI: body mass index; VAP: ventilator associated pneumonia; 

GFR: glomerular filtration rate  

Table 3. Comparing pleural effusion odd ratio between EEN and DEN group 

Enteral nutrition 
Crude odd ratio 

(95% CI) 
P 

Adjusted odds ratio * 

(95% CI) 
P 

Early feeding 1 
0.027 

1 
0.023 

Late feeding 2.21 (1.09-4.48) 2.34 (1.12-4.91) 

CI: confidence interval  
*Adjusted for AGE, SEX, ↓GFR≥50% of its baseline, and VAP 

VAP: ventilator-associated pneumonia 

GFR: glomerular filtration rate 
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ventilation adversely affected the weaning process 

resulting in increased duration of mechanical ventilation 

and lengths of hospital stay. In the same way, Razazi et 

al., demonstrated, in a prospective observational 

multicenter study, that pleural effusion was found in one 

third of ICU cases at the initiation of weaning process and 

had a negative impact on liberation time from mechanical 

ventilation (29). Likewise, Maslove et al., explained that 

pleural effusion in ICU cases is commonly caused by 

volume overload, reduced plasma oncotic pressure, 

changes in pleural pressure frequently attributable to 

mechanical ventilation or it might be a consequence of 

pleural infection, pulmonary thrombus embolism or 

carcinoma (30). A cohort study about the role of 

Hematocrit Concentration on Successful Extubation in 

Critically Ill Patients in the Intensive Care Units revealed 

that improved management of underlying conditions and 

reducing the duration of mechanical ventilation may 

ensure successful extubation more reliably than 

addressing anemia alone. This aspect warrants particular 

attention, particularly among female patients (31). 

There are several pathways in which nutrition can 

affect pleural effusion. For instance, certain nutritional 

deficiencies or excesses might affect systemic 

inflammation and capillary permeability, potentially 

leading to an increased exudation of fluid, protein, cells, 

and other serum constituents into the pleural space. The 

vitamin D deficiency has been associated with infectious 

and noninfectious pleural effusions (32). Also, disease-

related malnutrition can also affect pleural effusion (33). 

Although we have explained the likely mechanism of PE 

in DEN group, there are several important limitations in 

our study that must be acknowledged.  

 

Limitations 
 

This study has several limitations. First, the oncotic 

pressure of plasma was not measured and there were no 

data available regarding blood level of albumin or total 

serum protein in patients’ medical profiles. Second, the 

APACHE II score was not calculated due to insufficient 

data on the medical record sheet. Third, we encountered 

a lack of data regarding the nutritional status of the patient 

population prior to hospitalization; making it infeasible to 

compare illness severity between study groups. Fourth, 

the small study group and the lack of a control group 

might effect on the generalizability of the results. Finally, 

single-center retrospective study design should also be 

considered as another limitation. Therefore, further 

exploration of the validity of our findings is needed 

through prospective multi-center studies with a larger 

sample. 

Early enteral nutrition (EEN) within the first 48 h of 

ICU admission is associated with shorter ICU stay, and it 

also decreases the odd ratio of acquisition of pleural 

effusion in COPD patients requiring invasive mechanical 

ventilation. Although EEN could not lower mortality rate 

in critically ill COPD patients compared with DEN, it 

may contribute to improved outcomes in COPD patients 

by reducing complications and length of stay in the ICU 

and hospital.  
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