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Early enteral nutrition improves the outcome of
critically ill patients with COVID-19: A retrospective

study

Sheng Wu MD!, Jian Lou MD?, Peng Xu MD?, Rubin Luo MD?, Libin Li MD?

!Department of Neurology, Second Affiliated Hospital of Zhejiang University, Hangzhou, China
’Department of Respiratory Medicine, Second Affiliated Hospital of Zhejiang University, Hangzhou, China
Intensive Care Unit, Second Affiliated Hospital of Zhejiang University, Hangzhou, China

Background and Objectives: To evaluate the nutritional status of critically ill patients with COVID-19 and to
determine which route of nutrition support is advantageous. Methods and Study Design: This retrospective
study was conducted in the ICU of a designated COVID-19 hospital. Patients were divided into an enteral nutri-
tion (EN) group and parenteral nutrition (PN) group according to the initial route of nutrition support. NRS-2002
and NUTRIC were used to assess nutritional status. Blood nutritional markers such as albumin, total protein and
hemoglobin were compared at baseline and seven days later. The primary endpoint was 28-day mortality. Results:
A total of 27 patients were enrolled in the study - 14 in the EN group and 13 in the PN group - and there were no
significant demographic differences between groups. Most patients (96.3% NRS2002 score >5, 85.2% NUTRIC
score >5) were at high nutritional risk. There was no significant difference in baseline albumin, total protein and
hemoglobin levels between groups. After 7 days, albumin levels were significantly higher in the EN group than in
the PN group (p=0.030). There was no significant difference in the other two indicators. The 28-day mortality
was 50% in the EN group and 76.9% in the PN group. Kaplan-Meier survival analysis revealed significant differ-
ences between the groups (p=0.030). Cox proportional risk regression indicated that route of nutrition support
was also an independent prognostic risk factor. Conclusions: The incidence of nutritional risk in critically ill pa-

tients with COVID-19 is very high. Early EN may be beneficial to patient outcomes.
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INTRODUCTION
Coronavirus disease 2019 (COVID-19) is a respiratory
tract infection caused by a newly emergent coronavirus,
SARS-CoV-2, that was first recognized in Wuhan, China,
in December 2019. As of September 9, 2020, the total
number of patients has risen to 27,688,740 around the
world and the death toll has reached 899,315.! Whereas
most people with COVID-19 develop mild or uncompli-
cated illness, approximately 14% develop severe disease
requiring hospitalization and oxygen support, and 5%
require admission to an intensive care unit (ICU).?
Nutrition support is well known to play an important
role in the treatment of patients with severe respiratory
diseases, but data on the nutritional status and nutrition
support of critically ill patients with COVID-19 are
scarce. Many studies and guidelines have suggested that
early (within 24 or 48 hours of admission) enteral nutri-
tion (EN) support can significantly decrease mortality in
critically ill patients.>*® However, some critically ill pa-
tients with COVID-19 require initiation of nutrition sup-
port via a parenteral route because of gastrointestinal
symptoms or for other medical reasons. In this study, we
investigated the nutritional status of critically ill patients
with confirmed COVID-19 and retrospectively compared
the clinical outcomes of different routes of nutrition sup-

port.

METHODS

Patients

This single-center, retrospective study was performed at
the ICU of Wuhan Union Hospital Tumor Center (Wuhan,
Hubei), a designated COVID-19 hospital. This ICU was
taken over by a volunteer medical team dispatched from
Second Affiliated Hospital of Zhejiang University School
of Medicine (Hangzhou, Zhejiang). In accordance with
the deployment of the National Health Commission, a
total of 29 critically ill patients with COVID-19 were
admitted to this ICU from February 15, 2020 to February
29, 2020. All patients with laboratory confirmation of
SARS-CoV-2 infection met the criteria for being critical-
ly ill. According to the Chinese Clinical Guidance for
COVID-19 (7th Edition), criteria of critically ill is as fol-
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lows: 1. respiratory failure requiring mechanical ventila-
tion. 2. shock 3. multiple organ failure needed ICU moni-
toring. Two Patients who died within 48 hours after ad-
mission were excluded. A total of 27 patients were en-
rolled in the study. The patient enrollment process is
shown in Figure 1.

Study group definitions

Patients were divided into two groups according to the
route of nutrition support initiated in the first week of
staying in the ICU: an EN group and a parenteral nutri-
tion (PN) group.

Data collection

Demographic data Electronic medical records, radiologi-
cal images and laboratory findings for all enrolled cases
were reviewed in detail. We collected data on age, sex,
initial symptoms, vital signs, mechanic ventilation strate-
gies and chronic medical histories (such as hypertension,
diabetes mellitus, renal dysfunction, hepatic dysfunction,
malignancy, stroke, chronic pulmonary disease and sur-
gery history).

Disease severity and comorbidities

The Acute Physiology and Chronic Health Evaluation II
(APACHE 1I) were evaluated on the first day of admis-
sion to assess the severity of disease. Pneumonia Severity
Index (PSI), which is a widely used and approved scale
for assessing the severity of respiratory infectious diseas-
es and predicting prognosis was assessed based on clini-
cal status at admission and laboratory findings. Age-
adjusted Charlson Comorbidity Index (ACCI) was used to
assess the severity of comorbidities in these patients.

Nutrition data
Baseline body mass index (BMI) were collected as the
patient's initial nutritional status. We collected nutrition

data including daily energy and protein intake on the sev-
enth day of admission, at which time the nutrition data
could reflect the patient's true situation of early nutritional
intervention.

Nutrition screening tools

Nutritional Risk Screening 2002 (NRS-2002) and Nutri-
tion Risk in the Critically 11l (NUTRIC) were used to as-
sess nutritional status. These measures effectively reflect
the nutritional status of patients, including both current
potential undernutrition and disease severity.”® An NRS-
2002 score >3 indicates potential nutrition risk, whereas a
score >5 indicates high nutrition risk. Because IL-6 is not
routinely measured in our ICU, a NUTRIC score >5 sug-
gested high nutritional risk. Laboratory results, such as
serum albumin, total protein and hemoglobin were also
recorded at baseline and seven days later as markers of
nutritional status.

Nutrition support procedures
Nutrition support was delivered within 24 hours after
admission. The physician on duty decided which nutri-
tional support route to initiate. Some physicians followed
the usual protocol for severe pneumonia and preferred EN
if there were no contraindications. Others preferred PN
for the following considerations: 1. There would be cough
and vomiting in the process of gastric intubation, result-
ing in aerosol dispersion which would lead to unneces-
sary occupational exposure. 2. COVID-19 was often ac-
companied by gastrointestinal symptoms, such as diarrhea,
nausea, vomiting and anorexia. Premature EN might ag-
gravate diarrhea and gastroesophageal reflux leading to
fluid and electrolyte imbalance and secondary bacterial
infection.

In the EN group, patients received first-—line EN
through nasogastric or nasojejunal tubes with a nutrition
pump. Two simple formulas were used to estimate daily
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Figure 1. Flow diagram of patient recruitment.
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energy and protein requirements: [25-30 kcal/kg/day]
*body weight and 1.2 g/kg/day* body weight. In the first
week, trophic (10-15 kcal/kg/day) EN was initiated and
then patients were gradually transitioned to full-energy
EN. Whole-protein preparations with relatively high ca-
loric content were selected (SSPC, China or Nutricia,
Netherlands). Patients with intestinal damage received
predigested short peptide preparations (SSPC, China),
and hyperglycemic patients received nutritional prepara-
tions beneficial for glycemic control (SSPC, China).
While feeding, patients were seated in a semi-reclining
position of 30°-45°. Prokinetic agents and probiotics
were used to prevent regurgitation and dysbacteriosis.
After 1 week, energy intake and nutrition status were re-
assessed. If patients were not receiving adequate energy
or protein, the nutrition strategies were optimized, such as
by adding supplemental PN.

In the PN group, 1 patient who could feed herself re-
ceived partial parenteral nutrition (PPN) from the periph-
eral vein. The remaining 12 patients received total paren-
teral nutrition (TPN) via a central venous catheter for at
least 7 days after admission. In the first week, a low-
calorie strategy (<20 kcal/kg/day) was used. A commonly
used formula was: Glucose: 50% to 60% of non-protein
calories, which was adjusted according to blood glucose.
Structural lipid emulsion (Fresenius-Kabi Germany): 250
mL/day. 11.4% Compound amino acids (SPSS China):
250-500 mL/day. Multi-trace elements (Fresenius-Kabi
Germany), Fat-soluble and water-soluble vitamins (SPSS
China) were also given at the same time. After 1 week,
the physician reassessed the nutritional status of the pa-
tients, and decided whether to continue TPN, add EN, or
switched to EN according to the patient's situation.

Medication and oxygen therapy

All patients were treated in accordance with the principles
recommended in the Chinese Clinical Guidance for
COVID-19 Pneumonia Diagnosis and Treatment. Patients
were given antiviral treatment within 24 hours of admis-
sion (ribavirin 500 mg 2 times a day + arbidol 200 mg 3
times a day). Antibiotics (quinolones, third generation
cephalothins, (3 -lactamase inhibitor compounds et al,
according to the bacterial culture results) were used if the
patient had a complicated bacterial infection or if the pa-
tient was at high risk of secondary infection. Adequate
fluid resuscitation and vasoactive drugs were adminis-
tered immediately if patients showed signs of circulatory
failure. Traditional Chinese medicine (Lianhua Qingwen
capsules) were also used according to the patient’s condi-
tion.

Relief of hypoxemia was the core of our treatment. Pa-
tients with the following conditions: SpO. <93%;
PaO/Fi02 <300 mmHg (1 mmHg = 0.133 kPa); respirato-
ry rate >25 times per min at bed; or remarkable progres-
sion on X-ray imaging were immediately given high-flow
nasal cannula (HFNC) oxygen therapy or non-invasive
ventilation. If there was no relief within 2 hours, tracheal
intubation and mechanical ventilation would be per-
formed in time.

Outcomes
The primary outcome was 28-day mortality rate after ICU

admission. Secondary outcomes included hemoglobin,
serum total protein and serum albumin levels at baseline
and seven days after nutrition support.

Data analysis

Demographic information, disease and nutrition therapy
related information, laboratory findings and clinical out-
comes were recorded and analyzed according to variable
type. Continuous variables are reported as mean (standard
deviation), and categorical variables are reported as fre-
quency (percentage). Shapiro-Wilk test was used for
normality test. Normal distribution data were analyzed
using an unpaired Student’s t-test between two groups.
Non-normal distribution data were analyzed using the
Mann-Whitney U test. Categorical variables were com-
pared with chi-squared test or Fisher’s exact test. Kaplan—
Meier survival curves were used to plot the survival
curves of patients. The Cox proportional hazard regres-
sion model was used to evaluate potential associations
between nutrition group (EN or PN) and 28-day mortality.
To assess the impact of confounding factors, we first per-
formed univariate regression analysis to analyze variables
that might be associated with mortality rate, such as age,
sex, disease duration, APACHE-II score, mechanical ven-
tilation, comorbidities, NUTIRC score, and NRS2002
score. After that, route of nutrition support, age, and
APACHE-II score were included as variables in the Cox
regression analysis according to clinical experience and
statistical results. A p value <0.05 was considered statisti-
cally significant. SPSS 25.0 software (IBM Inc., 2010,
USA) was used for all analyses.

Ethics

The Ethics Commission of the Second Affiliated Hospital
of Zhejiang University approved data collection for this
study (Yan 2020-220). Due to the retrospective nature of
the study, informed consent was waived.

RESULTS

Baseline characteristics

A total of 27 patients were recruited for this retrospective
study, 14 in the EN group and 13 in the PN group. The
baseline characteristics of the participants are shown in
Table 1 and were similar between groups. The average
age was 74.9+10.5 years; 18 (66.7%) were men.
23(85.2%) had chronic underlying diseases, primarily
hypertension (14/27), heart disease (10/27), diabetes
mellitus (7/27) and chronic obstructive pulmonary disease
(7/27), average ACCI score was 4.1+2.0. The median
duration from onset of symptoms to ICU admission was 8
days (4-23). The average APACHE II score was 19.24+4.8,
average PSI score was 132+15.5. During the first week
after admission, a total of 18 (66.7%) patients were treat-
ed with mechanical invasive ventilation, 7 (25.9%) pa-
tients were treated with non-invasive ventilation, and 2
(7.4%) patients were treated with high flow nasal cannu-
las for oxygen therapy.

Energy and protein intake

Data of energy and protein intake of patients in the two
groups are shown in Table 1. There was no significant
difference in BMI between the groups, and there was no
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Table 1. Baseline characteristics and nutrition data

EN group (n=14) PN group (n=13) p value
Age (years) 72.7£10.2 77.1£10.7 0.296
Gender (male/female) 1173 7/6 0.236
Respiratory support 0849
invasive ventilation 10 8
non-invasive ventilation 3 4
high flow nasal cannulas 1 1
ACCI 4.2+£2.5 4.1£1.4 0.860
APACHE I 19.4+4.8 18.9+£5.1 0.792
PSI 132+17.6 132+13.1 0.951
NUTRIC 0.644
<5 2 2
>5 12 11
NRS2002 1.000
<3 0 0
3,4 1 0
>5 13 13
BMI 23.442.0 22.242.3 0.161
Energy target (kcal/day) 1603214 1498+257 0.260
Energy intake (kcal/day) 1400+229 12244264 0.078
Energy intake/target (%) 87.3£6.7 82.1£14.1 0.241
Protein target (g/day) 77.0£10.3 71.9£12.3 0.260
Protein intake (g/day) 55.6£9.5 37.2£12.7 <0.0001
Protein intake/target (%) 72.9+13.4 51.3+12.7 <0.0001

EN: enteral nutrition; PN: parenteral nutrition; ACCI: Age-adjusted Charlson Comorbidity Index; APACHE II: Acute Physiology and
Chronic Health Evaluation II; PSI: Pneumonia Severity Index; NRS-2002: Nutritional Risk Screening—2002; NUTRIC: Nutrition Risk in

the Critically Ill; BMI: Body Mass Index..

significant difference in energy or protein requirements
according to the simple formulas. In the first week after
admission, the daily energy intake of patients in both
groups increased gradually. The EN group increased to
1400£229 kcal, reaching 87.3+6.7% of the target (25
kcal/kg/day), and the PN group reached 1224+264kcal,
82.1+14.1% of the target. There was no significant differ-
ence between the two groups (p=0.078). However, in
terms of daily protein intake, that of EN group (55.6+9.5
g) was much higher than PN group (37.2+12.7g), with
significant difference (p<0.001).

Nutritional markers and mortality

Using two nutritional screening tools, NRS2002 and NU-
TRIC, we found that the proportion of patients with an
NRS2002 score >3 was 100% (27/27), and the proportion

of patients with an NRS2002 score >5 was 96.3% (26/27).

The ratio of patients with a NUTRIC score >5 was also as
high as 85.2% (23/27). The results were similar between
groups. At baseline, the mean values of serum albumin,
total protein and hemoglobin were 29.4+3.0 g/L, 57.242.2
g/L and 107+20.6 g/L in the EN group, respectively, and
29.243.2 g/L, 59.3+6.8 g/L and 117423.9 g/L in the PN
group, respectively. There were no significant differences
between groups. After one week of treatment, the serum
albumin, total protein and hemoglobin in the two groups
were re-evaluated, and the mean values were found to be
31.844.8 g/L, 63+6.5 g/l and 106+22.1 g/L in the EN
group, respectively, and 28.1£5.1 g/L, 60.0£9.7 g/L and
110+£21.7 g/L in the PN group, respectively. The serum
albumin level was higher in the EN group than the PN
group, and there was a significant difference (p=0.030).
The other two markers showed no significant difference
(Table 2). The overall 28-day mortality for this cohort
was 63.0% (17/27). The 28-day mortality of the EN group
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Figure 2. Kaplan—Meier survival curve. Survival curves for
EN group vs PN group. Breslow test p=0.030. EN: enteral
nutrition group; PN: parenteral nutrition group.

was 50% (7/14), whereas that of the PN group was 76.9%
(10/13). The survival curves of the two groups were rep-
resented by a Kaplan-Meier curve (Figure 2), and the
Breslow test indicated a significant difference between
groups (p=0.030).

Multivariate analysis

In addition to nutrition support modalities, we selected
two other factors closely associated with prognosis—age
and APACHE II score—on the basis of previous litera-
ture.” These three factors were used as covariates. Cox
proportional hazard regression analysis was performed to
identify independent factors associated with prognosis.
All three factors were found to be independent risk fac-
tors for 28-day mortality (Table 3).

DISCUSSION

Data on nutritional status and nutritional support in criti-
cally ill patients with COVID-19 are currently scarce. On
the basis of information on other critically ill patients and
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Table 2. Nutritional markers at baseline and 7 days later

EN group (n=14) PN group (n=13) p value

albumin (g/L)

Baseline 29.4+3.0 29.2+3.2 0.835

Day 7 31.8+4.8 28.1+5.1 0.030
Total protein (g/L)

Baseline 57.242.2 59.3£6.8 0.267

Day 7 63£6.5 60.0+9.7 0.450
hemoglobin (g/L)

Baseline 107+20.6 117£23.9 0.261

Day 7 106£22.1 110£21.7 0.671
EN: enteral nutrition; PN: parenteral nutrition
Table 3. Cox proportional hazards regression of 28-day mortality
Independent variable B SE Wald HR (95% CI) p value
Nutrition support 1.71 0.549 9.64 0.182 (0.062-0.553) 0.002
Age -0.086 0.041 4.39 0.918 (0.847-0.995) 0.036
APACHE II 0.248 0.080 9.60 1.28 (1.10-1.50) 0.002

SE: standard error; HR: hazard ratio; APACEH II: Acute Physiology and Chronic Health Evaluation 11

other respiratory diseases, COVID-19 is expected to pose
significant nutritional risks. A meta-analysis has reported
that the prevalence of undernutrition risk in pulmonology
department inpatients is 36.95%.!° An international, mul-
ticenter, prospective study has reported that the propor-
tion of nutritional risk (NUTRIC >5) in critically ill pa-
tients admitted to the ICU is 57%.!! Our study found the
incidence of nutritional risk in critically ill patients with
COVID-19 to be 85.2%, a proportion much higher than
that in previous studies, possibly due to 1. The average
age of patients in this cohort was very high. 2. These pa-

tients had a very high incidence of comorbidities (80%). 3.

According to the APACHE-II and PSI scores, these pa-
tients were in a very critical condition. These factors to-
gether may have significantly increased their nutritional
risk.

The mortality rate in our cohort was higher than that
previously reported,’ possibly because the patients in our
cohort were significantly older (age 74.9 vs 59.7), were in
more severe condition (APACHE II score 19 vs 17) and
had higher ratios of mechanical ventilation (92.6% vs
71%). It is now generally believed that older patients with
COVID-19 have significantly higher rates of critical ill-
ness and mortality. However, in this cohort, since most of
the patients were elderly and the sample size was small,
the mortality did not increase with the increase of age.
Instead, several very elderly patients (maximum 97 years
old) survived.

The importance of nutrition support for the treatment
of critically ill patients is well known. Malnutrition may
cause infections, muscle wasting, delayed recovery and
increased mortality.!> However, which route of nutrition
support should be initiated in critically ill patients re-
mains controversial. A meta-analysis has indicated that
the use of EN as opposed to PN may result in an im-
portant decrease in the incidence of infectious complica-
tions in critically ill patients and may be less costly.!?
Casaer et al have shown that as a supplement to EN, early
PN, compared with late PN, not only does not decrease
mortality but also increases the risk of ICU infection,

mechanical ventilation time and time for renal replace-
ment therapy.'* However, a randomized, controlled, mul-
ticenter open-label, parallel-group study (NUTRIREA-2)
has revealed that, compared with PN, isocaloric EN does
not reduce mortality or the risk of secondary infections,
but is associated with a greater risk of digestive complica-
tions."> In addition, the CALORIES study has shown that
patients with early PN and EN have a similar 30-day mor-
tality.'® Another study has indicated that EN is associated
with a higher overall mortality and a higher incidence of
inadequate nutritional intake, complications associated
with the delivery system and other feed-related morbidi-
ties than PN. !

In our study, initiation of EN appeared to be advanta-
geous. According to the literature, we believe these find-
ings may have occurred for the following reasons: 1. PN
might impede blood glucose control. Some studies have
suggested that hyperglycemia in critically ill patients may
lead to an increased risk of infection and poorer out-
comes.'®!? In the early stages of the outbreak, monitoring
of blood glucose was not as frequent as usual, to avoid
overexposure among medical staff. Therefore, intensive
monitoring and tight control of blood glucose could not
be achieved at that time. 2. Recently, some studies have
identified the gastrointestinal tract as a potential pathway
for SARS-CoV-2 infection.??! Some patients have gas-
trointestinal symptoms such as diarrhea, anorexia and
nausea. In contrast, animal model studies and clinical
studies have demonstrated that total PN may exacerbate
inflammation of the intestinal epithelium and decrease
intestinal barrier function, thus leading to bacterial trans-
location.?>?* The combination of SARS-CoV-2 infection
and PN could lead to an increased risk of infection in pa-
tients. 3. Many of these critically ill patients had underly-
ing diseases, particularly diseases affecting the circulatory
system, such as cardiac dysfunction, which must be man-
aged strictly through fluid transfusion. PN may aggravate
these underlying diseases and cause internal environmen-
tal perturbation, thus affecting patient outcomes.

EN also is associated with certain risks.?* Therefore,
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appropriate feeding procedures are crucial. There is little
literature on COVID-19 nutrition support. We therefore
drew on our experience with other severe respiratory dis-
eases in clinical practice.

First, regarding the time of EN support initiation, it is
necessary to initiate EN within 24 hours of admission for
hemodynamically stable patients. The results of multiple
meta-analyses have shown that early EN, compared with
delayed EN, significantly decreases mortality and infec-
tion rates. Starting PN within 48 hours is also an appro-
priate option for patients with hemodynamic instability or
the presence of EN contraindications.

Second, many studies have shown that severe under-
feeding or overfeeding may increase mortality?>?® and
prolong hospital stay and mechanical ventilation time,
and should therefore be avoided as much as possible.
However, some recent RCT studies have suggested that
full-energy or trophic feeding has no significant effect on
patient outcomes.?”?® We usually initiated trophic (1015
kcal/h or no more than 500 kcal/day) nutrition support in
the first week, because some studies have indicated that
starting with trophic nutrition support may decrease the
incidence of gastrointestinal intolerance.?’ After a week,
we reassessed the nutritional status and energy require-
ments and then gradually increased the nutrition support
or added the other route of nutrition support. Monitoring
and tight control of blood glucose should be considered
necessary throughout the entire process of nutrition sup-
port.

Third, in the process of EN, regular evaluation of gas-
trointestinal function is required. The acute gastrointesti-
nal injury grading system is usually used to assess the
severity.>® Patient abdominal tension, bowel sounds and
defecation, as well as vomiting, aspiration and other con-
ditions, should be observed daily. If feeding intolerance is
present, EN must be reduced or suspended.

Fourth, prone position ventilation is an important
treatment for critically ill patients with COVID-19. A
study has indicated that prone ventilation may result in
more gastric retention and higher rates of vomiting and
EN termination.’! However, in our experience, prone ven-
tilation did not significantly increase the adverse effects
of EN, but allowed for maintaining an appropriate body
position and initiating feeding from a small volume.
Some studies have obtained similar findings, in which
patients in prone positions tolerated EN well.3>33

Conclusions

The incidence of nutritional risk in critically ill patients
with COVID-19 is very high and should be taken serious-
ly. In addition, nutrition support should be provided
promptly. Early EN (within 24 hours) may be beneficial
to patient outcomes. Optimal feeding procedures may
prevent the side effects of EN.

Limitations

COVID-19 is an emerging, rapidly evolving pandemic.
Our healthcare system was under unprecedented pressure,
therefore we were unable to conduct prospective research
on nutrition support. Due to the retrospective nature of
the study, randomization was not used to allocate patients
to EN or PN groups, resulting in an inevitable bias. In this

retrospective study, the sample size was small, the fol-
low-up time was short and many clinical indicators could
not be obtained. Larger prospective randomized con-
trolled studies are needed to address this issue.
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