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Abstract: Background: Patients who are critically ill with COVID-19 could have impaired nutrient
absorption due to disruption of the normal intestinal mucosa. They are often in a state of high
inflammation, increased stress and catabolism as well as a significant increase in energy and protein
requirements. Therefore, timely enteral nutrition support and the provision of optimal nutrients are
essential in preventing malnutrition in these patients. Aim: This review aims to evaluate the effects
of enteral nutrition in critically ill patients with COVID-19. Method: This systematic review and
meta-analysis was conducted based on the preferred reporting items for systematic review and meta-
Analysis framework and PICO. Searches were conducted in databases, including EMBASE, Health
Research databases and Google Scholar. Searches were conducted from database inception until 3
February 2022. The reference lists of articles were also searched for relevant articles. Results: Seven
articles were included in the systematic review, and four articles were included in the meta-analysis.
Two distinct areas were identified from the results of the systematic review and meta-analysis: the
impact of enteral nutrition and gastrointestinal intolerance associated with enteral nutrition. The
impact of enteral nutrition was further sub-divided into early enteral nutrition versus delayed enteral
nutrition and enteral nutrition versus parenteral nutrition. The results of the meta-analysis of the
effects of enteral nutrition in critically ill patients with COVID-19 showed that, overall, enteral
nutrition was effective in significantly reducing the risk of mortality in these patients compared
with the control with a risk ratio of 0.89 (95% CI, 0.79, 0.99, p = 0.04). Following sub-group analysis,
the early enteral nutrition group also showed a significant reduction in the risk of mortality with
a risk ratio of 0.89 (95% CI, 0.79, 1.00, p = 0.05). The Relative Risk Reduction (RRR) of mortality in
patients with COVID-19 by early enteral nutrition was 11%. There was a significant reduction in the
Sequential Organ Failure Assessment (SOFA) score in the early enteral nutrition group compared with
the delayed enteral nutrition group. There was no significant difference between enteral nutrition
and parenteral nutrition in relation to mortality (RR = 0.87; 95% CI, 0.59, 1.28, p = 0.48). Concerning
the length of hospital stay, length of ICU stay and days on mechanical ventilation, while there were
reductions in the number of days in the enteral nutrition group compared to the control (delayed
enteral nutrition or parenteral nutrition), the differences were not significant (p > 0.05). Conclusion:
The results showed that early enteral nutrition significantly (p < 0.05) reduced the risk of mortality
among critically ill patients with COVID-19. However, early enteral nutrition or enteral nutrition
did not significantly (p > 0.05) reduce the length of hospital stay, length of ICU stay and days on
mechanical ventilation compared to delayed enteral nutrition or parenteral nutrition. More studies
are needed to examine the effect of early enteral nutrition in patients with COVID-19.
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1. Introduction

Enteral nutrition is the provision of enteral feed to patients who have functional guts
but are unable to meet their nutritional requirements through the oral route alone [1,2].
Usually, these patients have neurological conditions, such as stroke, dementia, multiple
sclerosis and motor neuron disease that affect their swallowing ability, whereas other
patients may have intellectual disability or failure to thrive [1]. The use of enteral nutrition
support in critically ill patients is also recommended [3].

Patients who are infected with coronavirus (SARS-CoV-2) (COVID-19) present with
acute respiratory distress syndrome and may require urgent respiratory and hemodynamic
support in the intensive care unit (ICU) [4]. It has been reported that 53% of elderly patients
hospitalised with COVID-19 were malnourished [4,5]. According to Thibault et al. [4],
nutritional support should be integrated into the global management of COVID-19.

A long stay in the ICU contributes to malnutrition, which could lead to the loss of
skeletal muscle mass and function, poor quality of life, disability and morbidities that
persist following discharge [6]. Comorbidities, such as diabetes, cardiovascular diseases
and old age, are usually associated with high risk of malnutrition and poor outcomes in
patients with COVID-19 [6]. In the presence of COVID-19 infection, reduced mobility, food
intake and catabolic changes may predispose patients to malnutrition [6].

Over 93 million patients have been affected by coronavirus (COVID-19) caused by
SARS-CoV-2 as of January 2021 [7]. Furthermore, there is evidence that about 30% of those
hospitalised are admitted to ICU for ventilatory support [7]. According to the National
Nurses Nutrition Group (NNNG) [8], wherever possible, oral nutrition support should be
considered as first line nutritional intervention. However, for patients who may require
mechanical ventilation, the use of clinically assisted nutrition and hydration would be
essential to support patient recovery [9].

1.1. Description of the Intervention

Enteral nutrition may be delivered to intubated and ventilated patients with COVID-19
through different enteral feeding tubes based on the needs of the patient. Initially, patients
who are infected with COVID-19, including those who develop ventilator-dependent
chronic respiratory failure, may receive enteral nutrition by nasogastric tube (NGT) [10].
NGT is usually the preferred approach for patients requiring short term enteral nutri-
tion support for about 2–3 weeks [10,11] and enables early commencement of enteral
feeding [12].

The American Society of Parenteral and Enteral Nutrition (ASPEN) defined early
enteral nutrition as enteral feeding that is commenced within 24 to 36 h of ICU admission
or 12 h of intubation and placement of mechanical ventilation [13]. However, it is also
useful to consider contraindications to NGT, such as the presence of oesophageal fistulae
and obstruction of the oro-pharynx, which may affect the passage of the NGT [1]. Goyal
et al. [10] also reported local complications, including nasopharyngeal/oropharyngeal
erosions and oesophageal/gastric ulceration due to NGT placement.

Therefore, patients with COVID-19 requiring long term enteral nutrition support may
be provided with a percutaneous endoscopic gastrostomy (PEG) tube [10]. According to
Goyal et al. [10], enteral feeding can commence 4 h after PEG tube placement, usually
with a low dose and then increasing to the full dose to meet the energy requirement of
15–20 kcal/kg of actual body weight.

In terms of the delivery of enteral feed, this can be through intermittent bolus feeding
via enteral syringe and enteral feeding tube, gravity feed or the use of continuous enteral
feeding pump. All these enteral feeding methods have their advantages and limitations.
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An enteral feeding pump should be used where possible in the acute setting, if the feed
is to be delivered over a period of time, and the priority for pump allocation should be
patients who are ventilated [8].

Therefore, the use of bolus feeding or gravity feeding should be considered in general
ward settings where it is appropriate for patients and staff [8]. However, Martindale
et al. [12] recommended the use of continuous instead of bolus enteral nutrition in critically
ill patients with COVID-19 due to a significant reduction in the incidence of diarrhoea in
continuous enteral feeding. Moreover, contact between the patients with COVID-19 and
the healthcare team is reduced in continuous compared to bolus enteral feeding; thus, the
risk of exposure to COVID-19 is also reduced [12].

1.2. Implementation of the Intervention

Patients who are critically ill with COVID-19 are usually in a state of high inflammation,
increased stress and catabolism as well as increased energy and protein requirements [14,15].
Typical symptoms of COVID-19, such as coughing and breathlessness, dry mouth, loss of
taste and smell and high body temperature, increase nutritional requirements, while the
inflammatory response, which reduces appetite, may affect dietary intake [16]. Globally,
COVID-19 patients have been reported to have reduced oral intake for 5 to 10 days before
admission [15].

Therefore, it is useful to commence early enteral nutrition in these patients to maintain
adequate nutritional status, gut barrier and immune function [2,14]. The use of enteral
nutrition as the preferred route of managing intubated and ventilated ICU patients with
COVID-19 has been recommended by The European Society for Clinical Nutrition and
Metabolism (ESPEN) and American Society for Parenteral and Enteral Nutrition [2,6,13].

Medical nutrition therapy, including enteral nutrition, is one of the fundamental tools
used to mitigate the challenges of COVID-19 infection [17]. Researchers reported that
patients who were malnourished and with low immunity were at greater risk of mortality
and poor prognosis [17]. There is evidence that early administration of enteral nutrition
in these patients improves mortality and can reduce infection compared to patients with
delayed or withheld enteral nutrition provision [12].

1.3. Why It Is Important to Do This Review

Despite the significant complications associated with COVID-19, it would appear that
only limited attention has been given to nutrition therapy as part of the broader supportive
care for the patients [18]. However, enteral nutrition provision presents its challenges,
including the potential for adverse reactions, such as abdominal distention, diarrhoea and
regurgitation [14].

For example, delay in the administration of enteral nutrition has been associated
with gastrointestinal dysfunction and could impair overall nutritional status, while early
commencement of enteral nutrition was associated with gastrointestinal intolerance in 30
to 70% of ICU patients [7]. However, the goal of enteral nutrition is to meet the energy
and protein requirements of patients [19]. Therefore, the proper timing of enteral nutrition
support and the provision of optimal nutrients are essential in preventing malnutrition in
these patients [7]. To our knowledge, to date, no systemic review and meta-analysis has
sought to assess the effect of enteral nutrition in patients with COVID-19.

1.4. Aim

This review aims to evaluate the effects of enteral nutrition in critically ill patients
with COVID-19.

2. Method

This is a systematic review and meta-analysis, which was conducted based on the pre-
ferred reporting items for systematic review and meta-Analysis (PRISMA) framework [20].
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2.1. Types of Studies

The studies included in this review were randomised controlled trials (RCTs), retro-
spective and prospective observational studies.

2.2. Types of Participants

Adult participants who were diagnosed with COVID-19 regardless of the existence of
co-morbidities (e.g., diabetes) on enteral nutrition were selected for the review.

2.3. Types of Interventions

We compared critically ill patients with COVID-19 receiving early enteral nutrition
with those having delayed enteral nutrition or parenteral nutrition, irrespective of the
enteral feeding tube used for delivering the feed.

2.4. The Inclusion Criteria

Studies (randomised and observational) involving participants with COVID-19 and on
enteral nutrition were selected for the review. In addition, only studies involving patients
aged 18 years and over were included in this review.

2.5. The Exclusion Criteria

Studies excluded were those involving children with COVID-19, oral dietary in-
take and oral nutritional supplements. Furthermore, patients without COVID-19 were
also excluded.

2.6. Types of Outcome Measures

The following was the primary outcome measure of interest:

• Mortality.

The secondary outcome measures included:

• Length of hospital stay (days).
• Length of ICU stay (days).
• Days on mechanical ventilation (days).
• The Sequential Organ Failure Assessment Score.

2.7. Search Methods for Identification of Studies

Health Sciences Research Databases (including MEDLINE, Academic Search Premier,
APA PsycInfo, Psychology and Behavioral Sciences Collection, APA PsycArticles databases
and CINAHL Plus with Full Text) were searched via EBSCO-host based on the population,
intervention, control, outcome (PICO) framework (Table 1), from database inception until
3 February 2022. Furthermore, EMBASE database and Google Scholar were searched for
relevant articles. The reference lists of articles were also searched. Searches were conducted
using medical subject headings (MesH) and synonyms, and these were combined with
Boolean operators (OR/AND).

Table 1. Search terms and search strategy.

Patient/Population Intervention Comparator Combining Search Terms

Patients with Corona-virus Enteral nutrition Control

Patients with corona virus OR
COVID-19 OR COVID-19
testing OR SARS-CoV-2

Nutrition, Enteral OR Enteral feeding OR
Feeding, Enteral OR Tube feeding OR

Feeding, Tube OR Gastric feeding tubes OR
Feeding tube, Gastric OR Feeding tubes,

Gastric OR Gastric feeding tube OR Tube,
Gastric feeding OR Tubes, Gastric feeding

Column 1 AND Column 2
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The searches were conducted independently by two members of the research team
(O.O. and O.O.O.) and cross-checked by other members of the team (X-H.W. J.B.). Duplicate
results from the different databases were removed using EndNote (Analytics, Philadelphia,
PA, USA).

2.8. Data Collection and Analysis
2.8.1. Selection of Studies

Based on the inclusion and exclusion criteria, a PRISMA flow chart (Figure 1) was
used to select the articles included in the systematic review and meta-analysis.
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2.8.2. Data Extraction and Management

The information extracted from the studies included: country where the study was
conducted, the type of study, sample size, mean age, study aim, type of intervention and
main findings.

The data were extracted by one researcher (O.O.) from the articles included and
crosschecked by two other members of the research group (O.O.O. and X-H.W.). The
intervention group was compared with the control group based on the final values. With
respect to studies that reported their findings as the median and first and third quartiles,
the data were converted to means and standard deviations [21].

2.9. Data Analysis

Meta-analysis was conducted when there were enough studies reporting data on the
same outcome. The Risk Ratio (RR) with 95% CIs was the statistical method used for the
analysis of dichotomous data. On the other hand, continuous data were analysed as the
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mean difference (MD) with 95% CIs. The meta-analysis results are presented in the form of
Forest plots, and p < 0.05 was used as the statistical significance of the overall effect of the
intervention.

The I2 statistic expressed as a percentage was used to evaluate the level of heterogeneity
of included studies [22]. A fixed-effects model was used for the meta-analysis for all
the parameters of interest. On the other hand, a subgroup analysis was conducted for
‘Mortality’, which had sufficient studies included and to examine the effects of early versus
delayed enteral nutrition and enteral nutrition versus parenteral nutrition on mortality in
critically ill patients with COVID-19. The Review Manager (RevMan) 5.3 software [23] was
used to conduct the meta-analysis.

3. Results

Seven studies were included in the systematic review, and four studies were used for
the meta-analysis (Figure 1). Three studies were conducted in the US [24–26], and there
was one study each from Brazil [27], Greece [28], Mexico [7] and China [29] (Table 2).

Table 2. General characteristics of included studies.

Citation/Country
of Study

Type of
Study Sample Size Mean Age

(Years) Aim Interventions Results

Alencar et al. [27]
Brazil

Retrospective
study n = 112 <60 (n = 24)

≥60 (n = 88)

To evaluate the
association

between enteral
nutrition support

and clinical
outcomes in
patients with

COVID-19

Enteral nutrition

The authors found an
association between
deficit in protein and
energy supply and

mortality and
recommended that
nutrition support

should be promoted
in such conditions.

Chawla et al. [24]
USA

Retrospective
study n = 515 Not Available

To examine if
early enteral

nutrition reduced
morbidity and

mortality in
patients with

COVID-19

Early enteral
nutrition versus
delayed enteral

nutrition

There was a lower
risk of in-hospital
death in the Early
enteral nutrition

group compared with
the Delayed enteral
nutrition group. The
times to extubate and

discharge patients
from the hospital

were not associated
with early enteral

nutrition
administration.

Farina et al. [25]
USA

Retrospective
study n = 155 60.3 ± 13.8

To assess the
effect of early

enteral nutrition
on outcomes in
mechanically

ventilated
patients with

COVID-19

Early enteral
nutrition versus
delayed enteral

nutrition

The commencement
of early enteral

nutrition within 24 h
did not improve the

outcomes in
mechanically

ventilated patients
with COVID-19
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Table 2. Cont.

Citation/Country
of Study

Type of
Study Sample Size Mean Age

(Years) Aim Interventions Results

Karayiannis et al.
[28]

Greece

Prospective
observational

study
n = 162

EN group
(63.2 ± 11.9)

PN group
(62.7 ± 10.7)

To describe the
feeding practices

of intubated
patients with

COVID-19 and
their association
with mortality,

length of hospital
stay and

mechanical
ventilation.

Enteral nutrition
compared with

parenteral
nutrition.

During the second
week of ICU

hospitalization,
enteral feeding may
be associated with a
shorter duration of
hospitalization and
use of mechanical

ventilation support in
COVID-19 patients
who are critically ill

and intubated.

Liu et al. [26]
USA

Retrospective
study

Received enteral
nutrition (n = 323)

Did not receive
enteral nutrition

(n = 79)

59.6 ± 14.9
among 323
patients on

enteral nutrition

To evaluate the
prevalence and

clinical outcomes
of feeding
intolerance

among COVID-19
patients

Enteral nutrition
versus ‘No

enteral nutrition’

There were 56%
incident cases of

feeding intolerance
among the 323

patients on enteral
nutrition. The length

of intubation, ICU
admission and

mortality were (16
versus 2 days), (18

versus 2 days) and (84
versus 18) among

patients that received
enteral tube feeding
compared with no

tube feeds,
respectively.

Osuna-Padella
et al. [7]
Mexico

Retrospective
study (n = 52) 55.7 ± 14.3

To examine the
incidence of

gastrointestinal
intolerance

associated with
enteral nutrition

Enteral nutrition
during the first

week of
administration

Enteral nutrition was
well tolerated in

patients with
COVID-19 within the

first week of
intubation and who
are on mechanical

ventilation.

Wu et al. [29]
China

Retrospective
study

enteral nutrition
(n = 14)
parental

nutrition(n = 13)

74.9 ± 10.5

To evaluate the
nutritional status

of critically ill
patients with

COVID-19 and to
determine, which
route of nutrition

support is
advantageous

Enteral nutrition
versus parenteral

nutrition

The incidence of
nutritional risk in

critically ill patients
with COVID-19 was
very high. Early EN
may be beneficial to
patient outcomes.

Abbreviations: COVID-19 (coronavirus 2019); EN (enteral nutrition); and PN (parenteral nutrition).

3.1. Assessment of Risk of Bias in Included Studies

The risk of bias of included studies was evaluated by two researchers (Q-Q.F. and
X-H.W.) using the Preliminary Tool for Risk of Bias in Exposure Studies [30]. The following
domains were assessed; overall bias, selection of the reported result, measurement of the
outcome, missing outcome data, departures from intended exposures, classification of
exposures, selection of participants into the study and bias due to confounding variables
(Figure 2a,b). All the studies demonstrated low risk of bias with respect to selection of
the reported result, measurement of outcomes, departures from intended exposures and
classification of exposures.

Two studies [24,27] showed an unclear risk of bias in relation to missing data, one
study was with respect to the selection of participants [7], and another study was in relation
to confounding variables [25]. Chawla et al. [24] showed a high risk of bias with respect to
the confounding variables (refer to Figure 2).
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Figure 2. Represents (a) risk of bias graph and (b) risk of bias summary [7,24–29].

Two distinct areas were identified from the results of the systematic review and meta-
analysis: the impact of enteral nutrition and gastrointestinal intolerance associated with
enteral nutrition. The impact of enteral nutrition was further sub-divided into early enteral
nutrition versus delayed enteral nutrition and enteral nutrition versus parenteral nutrition.

3.2. The Impact of Enteral Nutrition

Alencar et al. [27] found that patients on an enteral nutrition diet of ≥25 kcal/kg of
weight/day and ≥1.2 protein/kg of weight had a lower odds ratio in relation to mortality
compared to patients who did not achieve these energy and protein levels. Furthermore,
there were lower average maximum kcal/kg, protein/kg, percentage of diet adequacy and
total caloric values among patients who died compared with patients who survived and
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were discharged [27]. According to Liu et al. [26], the median length of intensive care unit
(ICU) stay of the 79 patients who did not receive enteral feeding was 2 days vs. 18 days for
patients who received enteral tube feeding.

3.2.1. Early Enteral Nutrition versus Delayed Enteral Nutrition

Chawla et al. [24] found that early enteral nutrition was associated with a lower
hazard of in-hospital death and that the cumulative incidence of mortality was also lower
in the early enteral nutrition group, with an estimated incidence of 40% and 53% at 10 and
20 days, respectively compared to 47% and 60% with delayed enteral nutrition. Chawla
et al. [24] reported early enteral nutrition is useful in managing patients who are critically
ill through the maintenance of gut integrity, stress modulation and attenuation of disease
severity. Furthermore, the lower risk of in-hospital death in the early enteral nutrition
group supports the need for this approach in patients with COVID-19 who are critically ill
and intubated [24].

In contrast, Farina et al. [25] reported the commencement of enteral nutrition within
24 h of starting mechanical ventilation may not improve outcomes in critically ill patients
with COVID-19. The results of the meta-analysis of the effects of enteral nutrition in
critically ill patients with COVID-19 showed that overall, enteral nutrition was effective in
significantly reducing the risk of mortality in these patients compared with control, with
a risk ratio of 0.89 (95% CI, 0.79, 0.99, p = 0.04) (Figure 3). Therefore, the Relative Risk
Reduction (RRR) of mortality by enteral nutrition was 11%.

Four studies contributed to the analysis of mortality involving 1682 participants.
Following sub-group analysis, the early enteral nutrition group (gp) also showed signif-
icant reduction in risk of mortality with a risk ratio of 0.89 (95% CI, 0.79, 1.00, p = 0.05)
(Figure 3). Two studies [24,25] contributed to this analysis with 1493 participants (Early
enteral nutrition gp, n = 1090. Delayed enteral nutrition gp, n = 403).
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Figure 3. The effect of enteral nutrition on mortality.

Only one study contributed to the results of the meta-analysis of the Sequential Organ
Failure Assessment (SOFA) score [25]. There was a significant reduction in the SOFA score
in the early enteral nutrition group compared with the delayed enteral nutrition group
with a mean difference of −1.4 (95% CI, 2.34, −0.46, p = 0.004) (Figure 4).
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3.2.2. Enteral Nutrition versus Parenteral Nutrition

In the study conducted by Wu et al. [29], the levels of albumin were significantly higher
in the enteral nutrition group compared with the parenteral nutrition group (p = 0.030)
following 7 days of nutritional intervention. In addition, while the 28-day mortality was
50% in the enteral nutrition group, it was 76.9% in the parenteral nutrition group, and the
Kaplan–Meier survival analysis showed profound differences between the two groups
(p = 0.030) [29]. A total of 34.2% of the patients in the parenteral group had died at 30 days
of hospitalization compared to 32.7% in the enteral group. The relative risk (RR) for the
group receiving enteral nutrition was 0.97. Furthermore, patients with COVID-19 in the
enteral group showed a lower duration of hospital stay [29].

The result of the current meta-analysis, which compared enteral nutrition with par-
enteral nutrition in relation to mortality did not show any significant difference between
the two groups with a risk ratio of 0.87 (95% CI, 0.59, 1.28, p = 0.48). Two studies [28,29]
contributed to the analysis with 189 participants (Enteral nutrition gp, n = 131. Parenteral
gp, n = 58) (Figure 5).
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With respect to the length of hospital stay, length of ICU stay and days on mechanical
ventilation, while there were reductions in the number of days in the enteral nutrition group
compared to the control (delayed enteral nutrition or parenteral nutrition), the differences
were not significant (Figures 6–8). Enteral nutrition reduced the length of hospital stay with
a mean difference of −4.80 (95% CI, −9.94, 0.34, p = 0.07) (Figure 6) and length of ICU stay
with a mean difference of −1.74 (95% CI, −4.90, 1.41, p = 0.28) (Figure 7).
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The mean difference between the enteral nutrition group and parenteral nutrition
group with respect to days on mechanical ventilation was −2.6 (95% CI, −8.08, 2.88,
p = 0.34) (Figure 8).
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3.3. Gastrointestinal Intolerance Associated with Enteral Nutrition

Osuna-Padilla et al. [7] reported that gastrointestinal intolerance in the form of vomit-
ing, diarrhoea and gastroparesis was present in 18 patients (35%) at any moment during
the first 7 days of enteral nutrition. Furthermore, the incidence of constipation was found
in 45 (87%) patients, while instability due to hemodynamics was the main reason (64%) for
avoiding the provision of enteral nutrition in the first 24 h of mechanical ventilation [7].

Despite the gastrointestinal intolerance and interruptions, 90% of patients who re-
ceived enteral nutrition had >80% of their nutritional requirements by day 7
(22.8 ± 7.3 kcal/kg) [7]. Therefore, Osuna-Padilla et al. [7] concluded that enteral nu-
trition was feasible and well-tolerated in critically ill patients with COVID-19 receiving
invasive mechanical ventilation in the first week of intubation.

Similarly, Farina et al. [25] reported that the presence of gastrointestinal symptoms on
admission did not appear to limit the ability to provide enteral nutrition for mechanically
ventilated patients with COVID-19. However, Farina et al. [25] reported that feeding
intolerance was a frequently encountered complication in critically ill patients with COVID-
19 and that feeding intolerance was associated with poor outcomes, including higher rates
of multiorgan dysfunction, longer ICU stays and increased mortality.

According to Liu et al. [26], 56% of the patients developed feeding intolerance, mostly
in the form of large gastric residual volumes (83.9%), abdominal distension (67.2%) and
vomiting (63.9%). Furthermore, patients with feeding intolerance were significantly more
likely to suffer cardiac, renal, hepatic and hematologic complications during their hos-
pitalization compared with feed-tolerant patients [26]. Karayiannis et al. [28] reported
significant differences in relation to the rates of adverse gastrointestinal events between the
parenteral group compared to the enteral group (32.3% vs. 22.1% for vomiting and 37.2%
vs. 29.2% for diarrhoea, respectively with p < 0.05).

4. Discussion

The results of the systematic review and meta-analysis showed that early enteral
nutrition was effective in significantly (p < 0.05) reducing the risk of mortality and SOFA
score compared with delayed enteral nutrition in critically ill patients with COVID-19. The
Relative Risk Reduction of mortality in patients with COVID-19 by early enteral nutrition
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was 11%. On the other hand, while early enteral nutrition or enteral nutrition may reduce
the length of hospital stay, length of ICU stay and days on mechanical ventilation compared
to delayed enteral nutrition or parenteral nutrition, respectively, these differences were not
significant (p > 0.05).

The findings of this review agree with a previous meta-analysis of randomised con-
trolled trials of early enteral nutrition given to patients within 24 h of ICU admission [31].
Tian et al. [31] found that mortality was reduced in the early enteral nutrition group com-
pared with the delayed enteral group with an odds ratio of 0.45 (p = 0.038). Martindale
et al. [12] further reported that there was evidence that early enteral nutrition improved
mortality and reduced infections compared to delayed enteral nutrition or withheld enteral
nutrition. Tian et al. [31] also found that there was no significant difference (p > 0.05) with
respect to mortality between early enteral nutrition and parenteral nutrition.

According to Minnelli et al. [19], early enteral nutrition decreased mortality, length of
ICU stay and risk of infection compared to delayed enteral nutrition in critically ill patients
who did not have COVID-19. Therefore, the timing of nutrient delivery is crucial as enteral
nutrition in ICU patients provides both macro and micronutrients, which help to to sustain
gut integrity through the stimulation of blood flow in intraepithelial cells [19].

Yu et al. [32] compared the initiation time of enteral nutrition at the time of admission
(intervention) to 24 to 48 h after admission (control) in patients who were critically ill and
found that the serum albumin and pre-albumin were significantly higher (p < 0.05) in the
intervention group compared with the control group (p < 0.05). Furthermore, the incidences
of oesophageal reflux, pulmonary infection and gastric retention were significantly lower
in the intervention group compared to the control group (p < 0.05) [32].

These factors may explain the differences (p < 0.05) between early enteral nutrition
and delayed enteral nutrition and between enteral nutrition and parenteral nutrition in
the current review, although the difference in the latter was not significant (p > 0.05).
A number of international nutrition bodies and organisations, such as The American
Society for Parenteral and Enteral Nutrition and the Society of Critical Care Medicine have
recommended early enteral nutrition provision within 24–36 h of admission to the ICU or
within 12 h of intubation in COVID-19 patients admitted in critical care units [12,13,19].

While it is recognised that COVID-19 is a respiratory disease, it has been shown that
the disease can affect other organs of the body, including disrupting the normal intestinal
mucosa of the digestive system, which could lead to a range of gastrointestinal symptoms
and impaired nutrient absorption [2]. In addition, due to the poor appetite of some patients
with COVID-19, including those who may be critically ill, it could be difficult for them to
meet their daily nutritional requirements through the oral route alone.

These patients are at increased risk of nutritional deficit and should be screened for
nutritional risk [14]. Therefore, the provision of nutrition support is essential in manag-
ing critically ill patients with COVID-19 [14]. In particular, the use of enteral nutrition
may be the preferred route to enhance the integrity of the gut and promote immune func-
tion [2]. Vila and Gau [33] noted that early enteral nutrition is the best method of providing
nutritional support in critically ill patients admitted to ICU.

Expert guidance recommends early feeding, usually within 24 to 48 h of ICU admission,
including patients with COVID-19, preferably early enteral nutrition, which has been
shown to decrease the incidence of nosocomial infections in these patients [33–35]. Enteral
nutrition presents a lower infection risk and earlier gut function compared to parenteral
nutrition in ICU patients [2,13].

Furthermore, there is evidence that parenteral nutrition can induce deleterious changes
in physiology, although complications, such as diarrhoea, nausea, vomiting, aspiration and
tube-related complications may also be present in patients on enteral nutrition [2]. For
example, earlier gut function, fewer infectious complications, reduced length of stay, and
reduced cost have been observed in enteral nutrition provision compared to parenteral [36].
Therefore, adequate monitoring of patients on enteral nutrition is an important strategy in
reducing the risk of complications [2].
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Early enteral nutrition has been associated with restored enterocyte mass and function
in critically ill patients [37]. Furthermore, dysfunction of the organ and infectious compli-
cations may be reduced [37]. Patel et al. [37] noted that there was a trend towards greater
change in 48-h SOFA score in patients who received early enteral nutrition, which is in line
with the findings of the current review. However, the use of parenteral nutrition has been
recommended if it is impossible to initiate early enteral nutrition [19].

Limitation of the Review

Seven articles were included in the systematic review, while only four were included
in the meta-analysis. The few articles included may limit the wider application of the
findings of the review. One article was an accepted abstract.

5. Conclusions

The results of this review demonstrated that early enteral nutrition significantly
(p < 0.05) reduced the risk of mortality among critically ill patients with COVID-19. How-
ever, early enteral nutrition or enteral nutrition did not significantly (p > 0.05) reduce the
length of hospital stay, length of ICU stay and days on mechanical ventilation compared to
delayed enteral nutrition or parenteral nutrition, respectively. More studies are needed to
examine the effect of early enteral nutrition in patients with COVID-19.

Author Contributions: Conceptualization, O.O. and O.O.O.; methodology, O.O., O.O.O., X.W. and
Q.F.; validation, O.O., O.O.O. and X.W. formal analysis, O.O.; writing—original draft preparation,
O.O.; writing—review and editing, O.O., O.O.O., X.W., Q.F., J.B. (Joshua Boateng), J.B. (Joanne Brooke)
and A.R.A.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: We conducted secondary data analysis of publicly available data.

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

References
1. Ojo, O.; Keaveney, E.; Wang, X.-H.; Feng, P. The Effect of Enteral Tube Feeding on Patients’ Health-Related Quality of Life: A

Systematic Review. Nutrients 2019, 11, 1046. [CrossRef] [PubMed]
2. Aguila, E.J.T.; Cua, I.H.Y.; Fontanilla, J.A.C.; Yabut, V.L.M.; Causing, M.F.P. Gastrointestinal Manifestations of COVID-19: Impact

on Nutrition Practices. Nutrition in Clinical Practice: Official Publication of the American Society for Parenteral and Enteral
Nutrition. Nutr. Clin. Pract. 2020, 35, 800–805. [CrossRef] [PubMed]

3. Ojo, O. Enteral feeding for nutritional support in critically ill patients. Br. J. Nurs. 2017, 26, 666–669. [CrossRef] [PubMed]
4. Thibault, R.; Coëffier, M.; Joly, F.; Bohé, J.; Schneider, S.M.; Déchelotte, P. How the COVID-19 epidemic is challenging our practice

in clinical nutrition—Feedback from the field. Eur. J. Clin. Nutr. 2020, 75, 407–416. [CrossRef]
5. Li, T.; Zhang, Y.; Gong, C.; Wang, J.; Liu, B.; Shi, L.; Duan, J. Prevalence of malnutrition and analysis of related factors in elderly

patients with COVID-19 in Wuhan, China. Eur. J. Clin. Nutr. 2020, 74, 871–875. [CrossRef]
6. Barazzoni, R.; Bischoff, S.C.; Breda, J.; Wickramasinghe, K.; Krznaric, Z.; Nitzan, D.; Pirlich, M.; Singer, P. ESPEN expert statements

and practical guidance for nutritional management of individuals with SARS-CoV-2 infection. Clin. Nutr. 2020, 39, 1631–1638.
[CrossRef]

7. Osuna-Padilla, I.; Rodríguez-Moguel, N.C.; Aguilar-Vargas, A.; Rodríguez-Llamazares, S. Safety and tolerance of enteral nutrition
in COVID-19 critically ill patients, a retrospective study. Clin. Nutr. ESPEN 2021, 43, 495–500. [CrossRef]

8. National Nurses Nutrition Group. Practical Advice and Guidance for Management of Nutritional Support during COVID-19.
2020. Available online: https://www.bapen.org.uk/pdfs/covid-19/covid-nnng-document-updated-12-04-20.pdf (accessed on
23 December 2021).

9. Department of Health and Social Care. COVID 19—Resilience of High Protein Enteral Tube Feeds and Giving Sets. 2020.
Available online: https://www.bda.uk.com/uploads/assets/ff0396c0-386e-4674-88330c5db70849cd/Communication-brief-
Enteral-resilience-arrangements-December-2020.pdf (accessed on 23 December 2021).

10. Goyal, H.; Ali, A.; Bansal, P. Percutaneous Endoscopic Gastrostomy Tube Placement in COVID-19 Patients. Front. Nutr. 2021,
8, 603276. [CrossRef]

11. Ojo, O.; Brooke, J. The Use of Enteral Nutrition in the Management of Stroke. Nutrients 2016, 8, 827. [CrossRef]

http://doi.org/10.3390/nu11051046
http://www.ncbi.nlm.nih.gov/pubmed/31083338
http://doi.org/10.1002/ncp.10554
http://www.ncbi.nlm.nih.gov/pubmed/32668037
http://doi.org/10.12968/bjon.2017.26.12.666
http://www.ncbi.nlm.nih.gov/pubmed/28640724
http://doi.org/10.1038/s41430-020-00757-6
http://doi.org/10.1038/s41430-020-0642-3
http://doi.org/10.1016/j.clnu.2020.03.022
http://doi.org/10.1016/j.clnesp.2021.02.015
https://www.bapen.org.uk/pdfs/covid-19/covid-nnng-document-updated-12-04-20.pdf
https://www.bda.uk.com/uploads/assets/ff0396c0-386e-4674-88330c5db70849cd/Communication-brief-Enteral-resilience-arrangements-December-2020.pdf
https://www.bda.uk.com/uploads/assets/ff0396c0-386e-4674-88330c5db70849cd/Communication-brief-Enteral-resilience-arrangements-December-2020.pdf
http://doi.org/10.3389/fnut.2021.603276
http://doi.org/10.3390/nu8120827


Nutrients 2022, 14, 1120 14 of 14

12. Martindale, R.; Patel, J.J.; Taylor, B.; Arabi, Y.M.; Warren, M.; McClave, S.A. Nutrition Therapy in Critically Ill Patients With
Coronavirus Disease 2019. JPEN J. Parenter. Enter. Nutr. 2020, 44, 1174–1184. [CrossRef]

13. Mulherin, D.W.; Walker, R.; Holcombe, B.; Guenter, P. ASPEN Report on Nutrition Support Practice Processes with COVID-19:
The First Response. Nutr. Clin. Pract. 2020, 35, 783–791. [CrossRef]

14. Hu, Y.; Li, X.; Gong, W. Nutritional support for critically ill patients with COVID-19. J. Zhejiang Univ. Med. Sci. 2020, 49, 347–355.
[CrossRef]

15. Delaney, E. Nutritional Care in Relation to COVID-19. Br. J. Nurs. 2020, 29, 1096–1103. [CrossRef]
16. Holdoway, A. Nutritional management of patients during and after COVID-19 illness. Br. J. Community Nurs. 2020, 25, S6–S10.

[CrossRef]
17. Ferrara, F.; De Rosa, F.; Vitiello, A. The Central Role of Clinical Nutrition in COVID-19 Patients during and after Hospitalization

in Intensive Care Unit. SN Compr. Clin. Med. 2020, 2, 1064–1068. [CrossRef]
18. Suliman, S.; McClave, S.A.; Taylor, B.E.; Patel, J.; Omer, E.; Martindale, R.G. Barriers to nutrition therapy in the critically ill patient

with COVID-19. J. Parenter. Enter. Nutr. 2021. [CrossRef]
19. Minnelli, N.; Gibbs, L.; Larrivee, J.; Sahu, K.K. Challenges of Maintaining Optimal Nutrition Status in COVID-19 Patients in

Intensive Care Settings. J. Parenter. Enter. Nutr. 2020, 44, 1439–1446. [CrossRef]
20. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;

Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, 71.
[CrossRef]

21. Wan, X.; Wang, W.; Liu, J.; Tong, T. Estimating the sample mean and standard deviation from the sample size, median, range
and/or interquartile range. BMC Med. Res. Methodol. 2014, 14, 135. [CrossRef]

22. Higgins, J.P.T.; Green, S. Cochrane Handbook for Systematic Reviews of Interventions; Wiley-Blackwell: Hoboken, NJ, USA, 2009; p. 31.
23. The Nordic Cochrane Centre. Review Manager, Version 5.3; The Cochrane Collaboration: Copenhagen, Denmark, 2014.
24. Chawla, G.S.; Fazzari, M.J.; Baron, S.W.; Assa, A.; Mohrmann, L.; Chekuri, S.; Katz, J. S1430 Early Enteral Nutrition Reduces

In-Hospital Mortality of Critically Ill COVID-19 Patients. Am. J. Gastroenterol. 2021, 116, S657. [CrossRef]
25. Farina, N.; Nordbeck, S.; Rdn, M.M.; Cordwin, L.; Blair, F.; Cherry-Bukowiec, J.; Kraft, M.D.; Pleva, M.R.; Raymond, E. Early

Enteral Nutrition in Mechanically Ventilated Patients with COVID-19 Infection. Nutr. Clin. Pract. 2021, 36, 440–448. [CrossRef]
26. Liu, R.; Paz, M.; Siraj, L.; Boyd, T.; Salamone, S.; Lite, T.-L.V.; Leung, K.M.; Chirinos, J.D.; Shang, H.H.; Townsend, M.J.; et al.

Feeding intolerance in critically ill patients with COVID-19. Clin. Nutr. 2021. [CrossRef]
27. de Alencar, E.S.; Muniz, L.S.d.S.; Holanda, J.L.G.; Oliveira, B.D.D.; de Carvalho, M.C.F.; Leitão, A.M.M.; Cavalcante, M.I.d.A.; de

Oliveira, R.C.P.; da Silva, C.A.B.; Carioca, A.A.F. Enteral nutritional support for patients hospitalized with COVID-19: Results
from the first wave in a public hospital. Nutrition 2021, 94, 111512. [CrossRef]

28. Karayiannis, D.; Kakavas, S.; Sarri, A.; Giannopoulou, V.; Liakopoulou, C.; Jahaj, E.; Kanavou, A.; Pitsolis, T.; Malachias, S.;
Adamos, G.; et al. Does Route of Full Feeding Affect Outcome among Ventilated Critically Ill COVID-19 Patients: A Prospective
Observational Study. Nutrients 2021, 14, 153. [CrossRef]

29. Wu, S.; Lou, J.; Xu, P.; Luo, R.; Li, L. Early enteral nutrition improves the outcome of critically ill patients with COVID-19: A
retrospective study. Asia Pac. J. Clin. Nutr. 2021, 30, 192–198.

30. Bristol.ac.uk. Preliminary Tool for Risk of Bias in Exposure Studies. 2021. Available online: https://www.bristol.ac.uk/media-
library/sites/social-community-medicine/images/centres/cresyda/Risk_of_bias_preliminary_for_exposures_template_Jul2
017.pdf (accessed on 7 January 2021).

31. Tian, F.; Heighes, P.T.; Allingstrup, M.J.; Doig, G.S. Early Enteral Nutrition Provided within 24 hours of ICU Admission. Crit. Care
Med. 2018, 46, 1049–1056. [CrossRef]

32. Yu, A.; Xie, Y.; Zhong, M.; Wang, F.; Huang, H.; Nie, L.; Liu, X.; Xiao, M.; Zhu, H. Comparison of the Initiation Time of Enteral
Nutrition for Critically Ill Patients: At Admission vs. 24 to 48 Hours after Admission. Emerg. Med. Int. 2021, 2021, 3047732.
[CrossRef]

33. Vila, B.G.; Grau, T. Early enteral nutrition in the critically-ill patient. Nutr. Hosp. 2005, 20, 93–100.
34. Thomas, S.; Alexander, C.; Cassady, B.A. Nutrition risk prevalence and nutrition care recommendations for hospitalized and

critically-ill patients with COVID-19. Clin. Nutr. ESPEN 2021, 44, 38–49. [CrossRef]
35. Patel, J.J.; Martindale, R.G.; McClave, S.A. Relevant Nutrition Therapy in COVID-19 and the Constraints on Its Delivery by a

Unique Disease Process. Nutr. Clin. Pract. 2020, 35, 792–799. [CrossRef]
36. Seres, D.S.; Valcarcel, M.; Guillaume, A. Advantages of enteral nutrition over parenteral nutrition. Ther. Adv. Gastroenterol. 2012,

6, 157–167. [CrossRef] [PubMed]
37. Patel, J.J.; Kozeniecki, M.; Peppard, W.J.; Peppard, S.R.; Zellner-Jones, S.; Graf, J.; Szabo, A.; Heyland, D.K. Phase 3 Pilot

Randomized Controlled Trial Comparing Early Trophic Enteral Nutrition with “No Enteral Nutrition” in Mechanically Ventilated
Patients with Septic Shock. J. Parenter. Enter. Nutr. 2019, 44, 866–873. [CrossRef] [PubMed]

http://doi.org/10.1002/jpen.1930
http://doi.org/10.1002/ncp.10553
http://doi.org/10.3785/j.issn.1008-9292.2020.06.04
http://doi.org/10.12968/bjon.2020.29.19.1096
http://doi.org/10.12968/bjcn.2020.25.Sup8.S6
http://doi.org/10.1007/s42399-020-00410-0
http://doi.org/10.1002/jpen.2263
http://doi.org/10.1002/jpen.1996
http://doi.org/10.1136/bmj.n71
http://doi.org/10.1186/1471-2288-14-135
http://doi.org/10.14309/01.ajg.0000779252.47675.af
http://doi.org/10.1002/ncp.10629
http://doi.org/10.1016/j.clnu.2021.03.033
http://doi.org/10.1016/j.nut.2021.111512
http://doi.org/10.3390/nu14010153
https://www.bristol.ac.uk/media-library/sites/social-community-medicine/images/centres/cresyda/Risk_of_bias_preliminary_for_exposures_template_Jul2017.pdf
https://www.bristol.ac.uk/media-library/sites/social-community-medicine/images/centres/cresyda/Risk_of_bias_preliminary_for_exposures_template_Jul2017.pdf
https://www.bristol.ac.uk/media-library/sites/social-community-medicine/images/centres/cresyda/Risk_of_bias_preliminary_for_exposures_template_Jul2017.pdf
http://doi.org/10.1097/CCM.0000000000003152
http://doi.org/10.1155/2021/3047732
http://doi.org/10.1016/j.clnesp.2021.06.002
http://doi.org/10.1002/ncp.10566
http://doi.org/10.1177/1756283X12467564
http://www.ncbi.nlm.nih.gov/pubmed/23503324
http://doi.org/10.1002/jpen.1706
http://www.ncbi.nlm.nih.gov/pubmed/31535394

	Introduction 
	Description of the Intervention 
	Implementation of the Intervention 
	Why It Is Important to Do This Review 
	Aim 

	Method 
	Types of Studies 
	Types of Participants 
	Types of Interventions 
	The Inclusion Criteria 
	The Exclusion Criteria 
	Types of Outcome Measures 
	Search Methods for Identification of Studies 
	Data Collection and Analysis 
	Selection of Studies 
	Data Extraction and Management 

	Data Analysis 

	Results 
	Assessment of Risk of Bias in Included Studies 
	The Impact of Enteral Nutrition 
	Early Enteral Nutrition versus Delayed Enteral Nutrition 
	Enteral Nutrition versus Parenteral Nutrition 

	Gastrointestinal Intolerance Associated with Enteral Nutrition 

	Discussion 
	Conclusions 
	References

