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Background & aims: Severe COVID-19 infection is characterized by an inflammatory response and lung
injury that can evolve into an acute respiratory distress syndrome that needs support treatment in
intensive care unit. Nutritional treatment is an important component of the management of critically ill
patients and should be started in the first 48 h of ICU admission to avoid malnutrition. This study de-
scribes the characteristics of the patients treated in a tertiary hospital in Madrid during the months of
MarcheMay 2020 (first wave), the medical nutrition treatment employed and its influence in the clinical
outcome of these patients.
Methods: This is a retrospective study including COVID-19 patients admitted in ICU that needed medical
nutrition treatment (MNT). Collected variables included sex, age, BMI, underlying diseases, time from
hospitalisation to ICU admission, type of respiratory support (invasive mechanical ventilation (IMV) or
high flow nasal cannula (HFNC) or non-invasive ventilation (non-IMV)), caloric and protein requirements
(25 kcal/kg adjusted body weight (ABW), 1.3 g/kg ABW/day), MNT type (enteral nutrition (EN), parenteral
nutrition (PN), mixed EN þ PN), total calories (including propofol) and proteins administered, percentage
of caloric and protein goal in ICU day 4th and 7th, metabolic complications, acute kidney failure (AKF),
length of stay (LOS) and mortality. Data are expressed as mean ± SD, median (IQR) or frequencies.
Statistical analysis was performed with the IBM SPSS Statistics for Windows, Version 25.0. p < 0.05 were
considered statistically significant.
Results: A total of 176 patients were included (72.7% male), 60.1 ± 13.5 years, BMI 29.9 ± 5.4 kg/m2.
Underlying diseases included 47.4% overweight, 39.8% obesity, 49.1% hypertension, 41.4% dyslipidaemia.
88.6% of patients needed IMV, 89.1% prone position, 2.9% ECMO. Time to ICU admission: 2 (4.75) days.
Estimated caloric and protein requirements were 1775 ± 202 kcal and 92.4 ± 10.3 g. Calories and proteins
administered at days 4th and 7th were 1425 ± 577 kcal and 66 ± 26 g and 1574 ± 555 and 74 ± 37,
respectively. Most of the patients received PN (alone or complementary to EN) to cover nutritional re-
quirements (82.4% at day 4th and 77.9% at day 7th). IVM patients received more calories and proteins
during the first week of ICU admission. Complications included 77.8% hyperglycaemia, 13.2% hypo-
glycaemia, 83.8% hypertriglyceridemia, and 35.1% AKF. ICU LOS was 20.5 (26) days. The mortality rate was
36.4%.
Conclusions: In our series, the majority of patients reached energy and protein requirements in the first
week of ICU admission due to the use of PN (total or complementary to EN). Patients with HFNC or non-
IMVmay be at risk of malnutrition if total or complementary PN to oral diet/ONS/tube feeding is not used
to cover nutritional requirements. Therefore, if EN is not possible or insufficient, PN can be safely used in
critically ill patients with COVID-19 with a close monitoring of metabolic complications.
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1. Introduction

The spectrum of the COVID-19 disease is very broad with most
cases classified as mild, but up to 5% of patients will require
admission to critical care units [1]. These patients develop an in-
flammatory response with lung injury and viral pneumonia with
severe hypoxemia and characteristic pulmonary infiltrates that can
evolve into an acute respiratory distress syndrome (ARDS) that in
the most severe forms will require urgent respiratory and hemo-
dynamic support in the intensive care unit (ICU) [2,3].

Spain has been one of the most affected countries in the world
during this pandemic, and areas as Madrid were specially hit
during the first wave of the disease during the months of
MarcheMay 2020 [3,4]. In this scenery, the Spanish National
Health System was overburdened in many areas, being forced to
increase hospital beds in wards and intensive care units to care for
these patients.

In the series published in the literature in different countries the
most important risk factors for mortality in these patients are
chronic diseases such as diabetes [5e7], hypertension, obesity
[8e13], cardiovascular disease, metabolic syndrome [14] and
elderly patients [3,4,15e18]. Malnutrition in both extremes, over-
weight and obesity and undernutrition, has been also associated
with a worse outcome [13,19e23]. Nutritional treatment is an
important component of the management of hospitalized patients
and recent guidelines of the European Society for Clinical Nutrition
and Metabolism (ESPEN) have established recommendations for
the treatment of patients with polymorbidity and critical illness
[5,6,24]. Furthermore, individualized nutritional support has
proved to reduce mortality in a recent randomized controlled trial
in hospitalized patients [25].

Critical illness is associated with a hypercatabolic response in
the early phase with breakdown of muscle mass in order to
deliver amino acids for liver gluconeogenesis, to produce inflam-
matory mediators and for tissue repair. This loss of muscle mass
may reach 15e30% after 10 days of ICU stay, depending on the
severity of the injury and the age of the patient [26]. As a
consequence, ICU-acquired weakness syndrome appears in
around 40% of critically ill patients and is associated with worse
outcome [27].

According to clinical guidelines, nutritional support should be
started in the first 48 h of ICU admissionwith enteral nutrition (EN)
in a progressive way to avoid overfeeding in this early phase that
could supress autophagy. The caloric and protein target should be
reached at the end of the first week of ICU admission.Whenever EN
is not fully tolerated, parenteral nutrition (PN) can be started after
day 3rd-7th of ICU admission [24,28].

Specific recommendations for the nutritional treatment of
critically ill patients with COVID-19 have been published in ESPEN
and ASPEN (American Society of Parenteral and Enteral Nutrition)
based in general guidelines of ICU patients [2].

This study describes the characteristics of the patients treated in
a tertiary hospital in Madrid during the months of MarcheMay
2020 (first wave), the medical nutrition treatment employed and
its influence in the clinical outcome of these patients.

2. Materials and methods

This is a retrospective observational study including all severely
ill patients admitted to intensive care unit (ICU) of our hospital
between 1st March 2020 to 5th May 2020. The inclusion criterion
was confirmed SARS-CoV-2 infection. The exclusion criteria were
admission to hospital for a different reason of bilateral pneumonia,
length of stay at ICU <4 days and patients sent from the ICU of
another hospital.
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2.1. Data collection

The retrospective data collection was carried out by the Nutri-
tion Unit staff following a structured form. The following data were
recorded: age, sex, pre-existing comorbidities (obesity, hyperten-
sion, diabetes, dyslipidaemia, pulmonary disease, oncologic dis-
ease, immunological disease), admission hospital date and
admission ICU date. We collected the ICU support therapies,
including the type of respiratory support, use of extracorporeal
membrane oxygenation (ECMO) and kidney replacement therapy
(KRT).

Laboratory variables collected were the highest value during the
first week of ICU hospitalization for D dimer, fibrinogen, protein C
reactive and ferritin; the lowest value during the first week of ICU
hospitalization for magnesium, phosphate, and potassium. AST,
APT, GGT, bilirubin, hyperglycemia and triglyceride elevation (as
qualitative variables: yes or no), the highest value of triglycerides,
and the presence of folate and vitamin D deficiency (<3.1 mg/L and
<30 mg/L, respectively).

Mortality, ICU and hospital length of stay (LOS) were included as
outcome variables.
2.2. Nutritional support

Weight and height were estimated or collected from medical
electronic record. Energy requirements were calculated by 25 kcal/
kg body weight or adjusted weight (if BMI �25 kg/m2), and protein
requirements by 1.3 kcal/kg body weight or adjusted weight (if BMI
�25 kg/m2).

Energy and protein administered at 4th day and 7th day of ICU
admission were calculated. Calories provided by propofol admin-
istration were taken into account.

The study was approved by the Local Ethics Committee of the
hospital.
2.3. Statistical analysis

Continuous variables are represented by their mean and stan-
dard deviation. In categorical variables, the results are shown in
frequencies and percentages. Numerical variables with non-normal
distribution are described by their median and interquartile range
(75th percentile-25th percentile). The study of the normality of
variables was carried out with graphic tests and using the
KolmogoroveSmirnov or ShapiroeWilk tests.

To study the differences in means between 2 or more groups,
parametric tests (student's t or ANOVA) or non-parametric tests
(ManneWhitney or KruskaleWallis) were used, using the most
appropriate in each case depending on the normality of the data
and the total number of patients in each group. The association
between qualitative variables was studied with Pearson's chi-
square test or Fisher's exact test. The association between quan-
titative variables was studied using Spearman's correlation coef-
ficient. The predictive capacity of nutritional treatment for
mortality was evaluated through ROC curves. Multivariate Cox
regression analysis was used to examine the relationships be-
tween nutritional treatment and mortality, ICU and hospital LOS
with end points. Median survival was estimated using
KaplaneMeier survival curves and groups were compared using
the log-rank test.

Statistical analysis was performed with the IBM SPSS Statistics
for Windows, Version 25.0 program. Armonk, NY: IBM Corp. Two-
tailed tests were used and results with p < 0.05 were considered
statistically significant.



Fig. 2. Nutritional treatment at days 4th and 7th of ICU admission. PN: parenteral
nutrition, EN: enteral nutrition, ONS: oral nutritional supplements, NNT: no nutritional
treatment.
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3. Results

3.1. Demographics and baseline characteristics

Of a total of 195 patients admitted to the ICU during the study
period, 176 met the inclusion criteria (Fig. 1). Their mean age was
60.1 ± 13.5 years and 72.7% were male. The most common under-
lying comorbidities were 47.4% overweight, 39.8% obesity, 49.1%
hypertension, 41.4% dyslipidaemia. Diabetes mellitus (20.3%), COPD
(17.1%) and oncological disease (9.4%) were other frequently
observed comorbidities.

The median time from hospitalization to ICU admission was 2
(4.75) days. Patients were admitted with a median PaFi 90 [42].
According to Berlin criteria for ARDS, 66.5% were severe (PaFi
<100), 31.2% moderate (PaFi 100e200) and 2.3% mild (PaFi
200e300). Patients showed at admission a median Charlson index
1 [2], APACHE score 15 [7] and SOFA score 5 [3].

Invasive mechanical ventilation (IMV) was required in 88.6%
patients and in 89.1% of cases prone positioning was needed. Dur-
ing ICU stay, 40.4% required tracheostomy and in 2.9% of the cases
ECMO was used.

Hydroxychloroquine was prescribed in 99.4%, lopinavir/ritona-
vir in 96.6%, steroids in 87.4%, tocilizumab in 82.3%, IFN b in 58%,
azitromicine in 58.6% and remdesivir in 24%.

The ICU length of stay (LOS) was 20.5 [26] days, and the hospital
LOS was 35 (36.5). The ICU mortality was 36.4%. None of the pa-
tients died outside ICU.
3.2. Nutritional medical therapy

Estimated caloric and protein requirements were
1775 ± 202 kcal and 92.4 ± 10.3 g, respectively. Nutritional treat-
ment was started at 48 h of ICU admission.

Nutritional treatment at day 4th and 7th is shown in Fig. 2. Most
of the patients received PN (alone or complementary to EN) to
cover nutritional requirements (82.4% at day 4th and 77.9% at day
7th). Propofol was used in 66.4% patients. Prokinetics were used in
87.4% of the cases.

Total calories, including those contributed by propofol, and
proteins administered at day 4th and 7th of ICU admission and the
percentage of estimated energy and protein requirements are
shown in Table 1.

Patients with IMV received more calories and protein at day 4th
and 7th (Table 2). We did not observe statistically significant dif-
ferences in calories and protein administered in patients in prone
position.
Fig. 1. Flow chart of patients enrolled in the study.
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3.3. Outcome and mortality

We observed low levels of P andMg in 68.2% and 11.9% patients in
the first week. Hyperbilirubinemiawas presented in 56.3%, elevation
of ALP, AST and GGT in 64.2%, 68.8% and 67.4% respectively. During
ICU admission, patients developed metabolic complications, 77.8%
hyperglycaemia, 13.2% hypoglycaemia, 83.8% hypertriglyceridemia
(22% > 500 mg/dl), and 35.1% acute kidney failure and 16.4% needed
KRT. Hyperglycaemia was more frequently observed in patients
receiving PN in the first week, 81% vs 56% (p 0.005).

We observed a longer LOS in ICU among patients with higher
APACHE scores (p 0.007), higher % protein administered at 7th (p
0.013), higher level of D dimer (p 0.021), lower level of P (p 0.004),
higher level of triglycerides (p 0.020) and hyperglycaemia (p 0.003).
A longer hospital LOS was observed in patients with lower level of P
(p 0.002), higher level of triglycerides (p 0.016) and hyperglycaemia
(p 0.05).

We did not observe any statistically significant difference be-
tween the nutritional therapy and ICU and hospital length of stay in
the multivariate analysis performed.

In the mortality analysis, older age, higher Charlson index,
APACHE and SOFA scores, and D dimer, and the presence of hy-
pertension, diabetes mellitus, hyperglycaemia and hyper-
triglyceridemia showed a lower survival (Table 3). Obesity grade I
was associated with lower ICU mortality (p 0.046). In the multi-
variate analysis only age, hypertension, Charlson index and SOFA
score were associated with higher mortality.

We did not find statistically significant differences in the total
calories or protein administration at day 4th or 7th or in the per-
centage of estimated requirements administered and the mortality.
Neither in the subgroup of patients with IMV.

We did not find any differences in the survival analysis in patients
who reached >70% or >80% of estimated caloric and protein re-
quirements at day 4th and 7th (Fig. 3). We did not observe any sta-
tistical significance between nutritional therapy and mortality
neither in the ROC curves nor in themultivariate analysis performed.

4. Discussion

In this retrospective cohort study in 176 critically ill patients
with COVID-19; overweight, obesity, hypertension and diabetes are
the most frequent comorbidities observed, which is in line with
previous reports [3,15]. The mean age of all the patients included
was 60.1 ± 13.5 years, and 72.7% of the patients were male as same
as previous reports [29,30]. Since admission in ICU, the patients had
higher APACHE II (median 15) and SOFA scores (median 5).

Regarding critical support, 88.6% were treated with IMV,
including 2.9% on ECMO at the same time and 16.4% were treated



Table 1
Calories and proteins administered at days 4th and 7th (total and % of administered/estimated requirements).

Calories (kcal) Protein (g)

ICU:4th day Total 1425 ± 577 66 ± 26
% 81.5 ± 34 72.7 ± 30

ICU:7th day Total 1574 ± 555 74 ± 37
% 89.7 ± 32 81.4 ± 31

Table 2
Differences in calories and proteins administered by type of respiratory support.

Invasive mechanical ventilation (IMV) Non-IMV p (ManneWhitney)

At day 4th
Calories (kcal) 1450 ± 581.1 1149.3 ± 465,1 0.046*
% estimated calories 83.2 ± 34.6 62.9 ± 25.9 0.025*
Protein (g) 67.1 ± 26.1 53.3 ± 22.4 0.024*
% estimated protein 74.3 ± 30.4 55.5 ± 22.3 0.007*
At day 7th
Calories (kcal) 1607.7 ± 534 1186.3 ± 677.8 0.034*
% estimated calories 91.9 ± 31.7 64.6 ± 36.6 0.017*
Protein (g) 75.8 ± 27.3 56.4 ± 37.6 0.003*
% estimated protein 83.3 ± 30.4 58.5 ± 38.1 0.020*

*p < 0.05.

Table 3
Influence of baseline characteristics, nutritional treatment and analytical data on mortality.

Variable Overall Survived Died P value

Number patients 176 112 64
Age, (years) mean ± SD 60.1 ± 13.5 57.3 ± 14.4 66.1 ± 10.2 <0.001*
Male, n (%) 128 (72.7) 78 (69.6) 50 (78.1) 0.224
BMI, mean ± SD 29.9 ± 5.4 29.9 ± 5.3 29.8 ± 5.6 0.613
Severity
PaFi, median (IQR) 90 (42) 89.5 (43.5) 90 (40) 0.874
Charlson, median (IQR) 1 (2) 1 (2) 2 (3) 0.001*
APACHE, median (IQR) 15 (7) 14 (6) 16 (7.5) 0.023*
SOFA at admission, median (IQR) 5 (3) 4 (3) 6 (4) 0.016*

Comorbidities
HTA, n (%) 85 (49.1) 45 (40.9) 40 (63.5) 0.004*
Obesity grade I, n (%) 40 (23.4) 31 (28.2) 9 (14.8) 0.047*
Diabetes mellitus, n (%) 35 (20.3) 17 (15.6) 18 (28.6) 0.042*
Dyslipidaemia, n (%) 71 (41.4) 43 (39.1) 29 (45.3) 0.422
COPD, n (%) 29 (17.1) 19 (17.6) 10 (16.1) 0.807
Oncological disease, n (%) 16 (9.4) 10 (9.2) 6 (9.7) 0.914
Inmunological disease, n (%) 6 (3.5) 2 (1.8) 4 (6.5) 0.115

Nutritional medical therapy
Time to start (hours), median (IQR) 48 (48) 48 (24) 48 (48) 0.268

At day 4th
% calories administered of estimated, mean ± SD 81.5 ± 34.4 79.9 ± 34.1 84.1 ± 34.9 0.244
% protein administered of estimated, mean ± SD 72.7 ± 30.2 71.3 ± 30.6 75 ± 29.6 0.435

At day 7th
% calories administered of estimated, mean ± SD 89.7 ± 32.8 88.5 ± 34.3 91.8 ± 30.3 0.326
% protein administered of estimated, mean ± SD 81.4 ± 31.6 80.1 ± 33.4 83.5 ± 28.5 0.553

Laboratory data
D dimer, median (IQR) 3173 (7752) 2552 (5102) 5957 (9124) <0.001*
Fibrinogen, median (IQR) 845 (202) 851 (212) 832 (182) 0.530
CRP, median (IQR) 23.3 (16.1) 23.6 (15.6) 23 (17.6) 0.564
Ferritin, median (IQR) 1387 (1933) 1409 (1997) 1347 (1914) 0.667
Mg, median (IQR) 2 (0.3) 2 (0.3) 1.9 (0.45) 0.544
P, median (IQR) 2.1 (1) 2.1 (1.1) 2 (1) 0.741
Triglyceride, median (IQR) 309 (250) 304 (234) 325 (264) 0.590
Hypertriglyceridemia, n (%) 119 (83.8) 74 (78.7) 45 (93.8) 0.022*
Hyperglycaemia, n (%) 137 (77.8) 77 (69) 60 (94) <0.001*
Folate deficiency, n (%) 30 (27.3) 18 (23.4) 12 (36.4) 0.161
Vit D deficiency, n (%) 67 (72) 46 (67.6) 21 (84) 0.119

*p < 0.05, HTA: hypertension, COPD: chronic obstructive pulmonary disease.

M. Migu�elez, C. Velasco, M. Camblor et al. Clinical Nutrition xxx (xxxx) xxx

4



Fig. 3. KaplaneMeier survival analysis in patients who reach >70% or >80% of estimated caloric and protein requirement at days 4th and 7th of ICU admission.
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with continuous KRT. In comparison with previous studies, our
sample required more IMV [3,29,31]. This can be explained by
the fact that the patients with high flow nasal cannula (HFNC) or
non-invasive ventilation (non-IMV) were treated outdoor ICU
due to overburden in the hospital during the first wave.

We observed 36.4% rate mortality that was similar to other
published series. A retrospective study of 1591 patients
admitted in ICU in Milan, Italy, reported a mortality rate of 26%
[31]. In a prospective study of 222 critically ill COVID-19 patients
in Lombardy, Italy, reported a mortality rate of 32% [32]. In Spain,
Ferrando et al. reported an ICU mortality of 31% from a
5

prospective, multicentre, cohort study that enrolled 663 criti-
cally ill COVID-19 patients [3]. Most of the published studies lack
of available data on nutritional support. An exception is the after
mentioned study carried out in Lombardy where EN was pro-
vided to 209 patients, while exclusive PN and supplemental PN
were administered to 4 and 33 patients, respectively. In this
study, among patients still in the ICU and alive on day 4 (N 198),
129 (65.2%) and 72 (36.4%) reached a satisfactory caloric and
protein intake (80e100% energy and protein requirements using
predictive equations 25 kcal/kg/day, 1.3 g protein/kg/day),
respectively. Among 174 patients alive on day 7, 134 (77.0%) and
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81 (46.6%) were receiving an acceptable caloric and protein
support, respectively.

If we analyze the nutritional support received, according to the
ESPEN expert statements, in COVID-19 intubated patient EN should
be started through a nasogastric tube. Meanwhile PN should be
initiated in ICU patients who do not tolerate full dose EN during the
first week in the ICU [33]. In the present study, at days 4th and 7th
only 10.2% and 17.3% of patients were nourished exclusively by EN.
Most of them (82.4% and 77.9%) received PN exclusively or com-
plementing EN to reach their nutritional requirements.

ESPEN expert statements recommend that nutrition therapy
should be started within 48 h and consider the prone position per
se does not represent a limitation or contraindication for EN [28].
However, in clinical practice during this pandemic it was difficult to
start EN early, due to multiple factors including overburden of the
sanitary system with the need of unskilled healthcare professional
not specialized in intensive care tomonitor this treatment, the deep
sedation of the patient and the use of protonation in the vast ma-
jority of the cases in the first days of ICU admission. In these cases,
PN was used to secure the administration of the nutritional re-
quirements, and EN was delayed after >48 h in many cases. Our
mortality rate was similar to other studies, probably because we
tried to avoid overfeeding the patients receiving mixed nutritional
support [3,31,32] The effects of early parenteral nutrition in criti-
cally ill patients are controversial in the literature, with some
studies finding a later recovery and increased infection rate [34]
and others showing decreased days on mechanical ventilation and
in the number of nosocomial infections [35,36].

It is known that both under and overfeeding during the first
week appears to be harmful to mechanically ventilated critically ill
patients. A progressive caloric intake is recommended in order to
reach 70% of resting energy expenditure (REE) at 4th day in ICU
[28,37]. Besides, the study of Lombardy in mechanically ventilated
COVID-19 patients suggested that early caloric deficit may inde-
pendently contribute to worsen survival [32]. In our study, patients
received 81.5% and 89.7% of REE at 4th day and 7th day in the first
week. We did not observe any statistical significance between
nutritional therapy and mortality neither in the ROC curves nor in
the multivariate analysis performed. However, it is difficult to
analyze the nutritional support's impact on mortality, as the ma-
jority of our patients admitted to ICU received more than 70% of
their requirements, in fact that may explain the absence of signif-
icant results in the mortality variable in our study in comparison
with the results of the study of Lombardy [32].

Regarding protein requirements in critically ill patients there are
conflicting data between the results of observational studies and
randomized controlled trials on the amount of protein associated
with a better outcome [28,38] ESPEN guidelines recommend giving
1.3 g protein/kg/day in a progressive way during the first week of
hospitalization in the ICU [24] and higher protein goals can be
considered in some patients (non-septic patients, those treatedwith
CKRT or malnourished patients), or after the first week of hospital-
ization [37]. Our patients reached 72.7% and 81.4% of the protein
goals at day 4th and 7th of ICU admission, and we did not find any
association with the clinical outcome in the multivariate analysis.

Metabolic complications were frequent in our series, especially
hyperglycemia and hypertriglyceridemia. Patients treated with PN
had a higher incidence of hyperglycemia. However, in the multi-
variate analysis neither the use of PN during the first week nor the
presence of hyperglycemia were associated with increased mor-
tality. It has been reported that hyperglycaemia in patients with or
without diabetes is a poor prognostic factor in hospitalized COVID-
19 patients [39,40]. In our series, out of 64 patients who died, 60
had hyperglycemia (93.8%) (p < 0.001). This agrees with the liter-
ature and reflects the effect of the intense inflammatory response,
6

the secondary effects of the drugs employed in the treatment of
these patients, the use of propofol and the medical nutritional
therapy, on top of the baseline characteristic of these patients with
frequent underlying metabolic diseases [41].

Obesity (mainly sarcopenic) and its comorbidities are important
risk factors for severe COVID-19. As the ESPEN guidance paper on
COVID-19 and obesity stand out, a correct diagnosis and nutritional
management is essential in patients with obesity [42]. In our study
energy and proteins requirements were calculated using adjusted
weight if BMI�25kg/m2. In addition,we observed that those patients
treated with IMV received more calories and protein than those
treated HFNC or non-IMV, therefore special care should be taken in
these cases to secure thedeliveryof nutrients andavoid underfeeding.

Even though this study includes a large number of patients
mostly followed by a small number of Nutrition Unit staff, there are
some important limitations. Firstly, we did not calculate the sample
size, as we included all the patients admitted in ICU that fulfilled
the inclusion criteria Secondly, it is a retrospective study, and some
datawere difficult to retrieve from themedical records. Thirdly, it is
a unicentric study, so the results may not be generalizable to other
centers. Fourthly, the caloric requirements were estimated as in-
direct calorimetry was not available. Fifthly, the start of EN was
difficult in many cases because of the characteristics of this
pandemic and the need to increase the ICU staff with unskilled
heath care personnel. Lastly, the small difference in the provision of
nutritional goals between patients that survived or not could be a
limitation of the statistical analysis.

In conclusion, the majority of patients reached energy and
protein requirements in the first week of ICU admission due to the
use of PN (total or complementary to EN). Patients with HFNC or
non-IMV may be at risk of malnutrition if total or complementary
PN to oral diet/ONS/tube feeding is not used to cover nutritional
requirements. Therefore, if EN is not possible or insufficient, PN can
be safely used in critically ill patients with COVID-19 with a close
monitoring of metabolic complications.
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