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s u m m a r y

Background & aims: Different metabolic phases can be distinguished in critical illness, which influences
nutritional treatment. Achieving optimal nutritional treatment during these phases in critically ill pa-
tients is challenging. COVID-19 patients seem particularly difficult to feed due to gastrointestinal prob-
lems. Our aim was to describe measured resting energy expenditure (mREE) and feeding practices and
tolerance during the acute and late phases of critical illness in COVID-19 patients.
Methods: Observational study including critically ill mechanically ventilated adult COVID-19 patients.
Indirect calorimetry (Q-NRGþ, Cosmed) was used to determine mREE during the acute (day 0e7) and
late phase (>day 7) of critical illness. Data on nutritional intake, feeding tolerance and urinary nitrogen
loss were collected simultaneously. A paired sample t-test was performed for mREE in both phases.
Results: We enrolled 21 patients with a median age of 59 years [44e66], 67% male and median BMI of
31.5 kg/m2 [25.7e37.8]. Patients were predominantly fed with EN in both phases. No significant differ-
ence in mREE was observed between phases (p ¼ 0.529). Sixty-five percent of the patients were hy-
permetabolic in both phases. Median delivery of energy as percentage of mREE was higher in the late
phase (94%) compared to the acute phase (70%) (p ¼ 0.001). Urinary nitrogen losses were significant
higher in the late phase (p ¼ 0.003).
Conclusion: In both the acute and late phase, the majority of the patients were hypermetabolic and fed
enterally. In the acute phase patients were fed hypocaloric whereas in the late phase this was almost
normocaloric, conform ESPEN guidelines. No significant difference in mREE was observed between
phases. Hypermetabolism in both phases in conjunction with an increasing loss of urinary nitrogen may
indicate that COVID-19 patients remain in a prolonged acute, catabolic phase.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).
1. Introduction

A new strain of coronavirus SARS-CoV-2 (COVID-19) has been
identified as the cause of the pandemic outbreak of respiratory
illness in people [1]. People who are infected with the virus
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experience symptoms of fever, cough, nasal congestion, fatigue and
a hyper inflammatory reaction can occur resulting in a systematic
response and multiple organ failure (MOF) [2]. Besides this, the
virus may invade the gastrointestinal tract [3]. Elderly people (>60
years) and those with comorbidities are more likely to become
critically ill and be admitted to an intensive care unit (ICU) for
treatment of COVID-19 induced pneumonia [1,4,5].

Providing optimal nutritional intake is a challenge in critically ill
patients due to a complex and fluctuating metabolism that affects
their nutritional status over time. Critical illness is characterized by
an inflammatory response, which incites a catabolic response, and
can be divided into several metabolic disease phases [6,7]. The
‘early acute phase’ is seen during the first 48 h after ICU admission
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and will subsequently evolve into the ‘late acute phase’, usually
lasting no longer than day seven of admission. During the acute
phase the body is provided with energy from an irrepressible
endogenous supply of glucose through gluconeogenesis, covering
over 50% of resting energy expenditure (REE) [8e10]. In critically ill
COVID-19 patients, the acute phase is clinically characterized by a
severe inflammatory response [4]. It has been shown that the acute
inflammatory reactions increases REE, but underlying conditions
such as MOF, use of sedatives and paralyzing agents decreases REE
[11,12]. Following the acute phase, the patient enters the ‘late (or
chronic) phase’ of disease, which evolves into the ‘recovery phase’
after leaving the ICU, generally associated with an increase in REE
[10,13,14]. In COVID-19 patients, the late phase is characterized by a
lower use of sedatives, as well as initiation of weaning off me-
chanical ventilation and starting mobilization parallel with a
reduction of inflammation. However, COVID-19 patients are
admitted to the ICU for a prolonged period in comparison to regular
ICU patients [4], thus the metabolic phases of disease may be
different and longer than usual.

Predictive equations for calculating energy requirements
(pREE), often used in day-to-day clinical practice, are inaccurate for
the ICU population when compared to indirect calorimetry [9,15].
Indirect calorimetry is considered the golden standard to deter-
mine measured REE (mREE) of critically ill patients [7,16]. Accurate
determination of caloric needs for ICU patients is of importance to
prevent both overfeeding and underfeeding [7,17], as overfeeding is
related to a higher risk on mortality [18] and underfeeding nega-
tively impacts ICU stay, infections, muscle mass and time spent on
mechanical ventilation [7,19,20]. Regardless of these challenges,
patients admitted with COVID-19 also seem particularly difficult to
feed enterally, with diarrhea and high gastric residual volumes
(GRV) recorded by clinicians. Faeces volumes over 350 g per day are
associated with malabsorption [21], whereas a large GRV (2�
>150 ml in 24 h) is more indicative of delayed gastric emptying
[22e24].

So far, there is literature on the time course of mREE during
different metabolic phases and conditions and diseases
[13,14,25e31], but little is known about this in COVID-19 patients
[32,33]. Furthermore, no data are available yet on feeding practices
and tolerance for COVID-19 patients. Therefore, the aim of this
study is to describe mREE and feeding practices and tolerance
during the acute and late phases of critical illness in COVID-19
patients. Based on the clinical characterization of these patients
we hypothesized a lower mREE in the acute phase compared to
pREE and an increase in mREE in the late phase. Furthermore,
feeding intolerance in both phases was expected.
2. Material and methods

2.1. Study population and study design

This single-centre observational study was conducted from
April 2020 till July 2020 in the ICU of the Erasmus Medical Centre
(MC), with the approval from the institutional review board of the
Erasmus MC, Rotterdam, The Netherlands (MEC-2020-0336). The
study protocol adheres to the current standard of care feeding
protocol of the Department of Intensive Care. The need for
informed consent was waived by the Institutional review board. All
adult patients (�18 years of age) admitted to the ICU with a
confirmed COVID-19 respiratory infection were included. Patients
with 1) metabolic disease requiring a specific diet (e.g. Phenylke-
tonuria), 2) (home)-parenteral nutrition started >7 days before
admission unrelated to COVID-19 infection, 3) no indirect calo-
rimetry measurement in both acute and late phase, were excluded.
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2.2. Data collection and management

Data were collected from the data management system (HiX™,
Chipsoft, Amsterdam, The Netherlands). From each COVID-19 pa-
tient mREE was measured once during the acute phase (lasting up
until day 7), and once during the late phase (from day 8 onwards)
[7]. Patients transferred from other ICU's were considered to be in
the acute or late phase, according to their admission day to the ICU
of the Erasmus MC. Since the most critically ill patients were
transferred, we considered them all to be in the acute phase upon
admission. Patient's baseline characteristics included demographic
data (age, weight, height, sex, BodyMass Index (BMI), Mortality risk
score (APACHE-IV) score and comorbidities). Additional variables
collection of additional variables pertained to the same day as
mREE was measured were collected and included clinical data in
relation to mREE; body temperature, illness severity score (SOFA-
score), gradation of sedation depth (RASS-score), plasma inflam-
matory markers (C-reactive protein (CRP), Interleukin-6 (IL-6)), use
of opiates (sufentanil, remifentanil) and type of mechanical venti-
lation (pressure controlled, pressure support), urinary urea levels,
gastrointestinal function (based on GRV and faeces volume) and
nutritional data (oral, EN or PN intake, type of feeding tube, caloric
and protein intake, non-nutritional calories, calculated feeding goal
(CFG) and prescribed feeding goal).

2.2.1. Energy expenditure
mREE was determined with an indirect calorimeter (Q-NRGþ,

Cosmed, Italy) and performed preferably on day 4 and 10 of ICU
admission. Prior to each measurement patients had to be in a
clinically stable condition for at least 30 min and FiO2 <70%. The Q-
NRGþ was connected to the ventilator conform the practical
guidance for the use of indirect calorimetry in COVID-19 patients
[34]. Duration of the measurement was minimum 10 min during
steady state (<10% coefficient of variation of VCO2 and VO2). Ox-
ygen consumption, carbon dioxide production, the respiratory
quotient (RQ) and mREE were collected. Valid measurements were
defined as RQ ranges between 0.7 and 1.1 and <10% overall varia-
tion of VCO2 and VO2. Hypermetabolism was defined as mREE/
pREE >1.1 and hypometabolism as <0.9. All measurements were
performed by the same person (BVH).

2.2.2. Feeding practice and tolerance
Data on feeding practices and tolerance were collected at the

daymREE was performed. Feeding practice includes oral, enteral or
parenteral feeding administration and place of feeding tube (e.g.
nasogastric, nasoduodenal). GRV and faeces volumes were
considered as indicators for feeding intolerance. GRV was consid-
ered high if �2 times �150 mL per day (conform standard feeding
protocol in our hospital). Malabsorption was defined as faeces
volumes �350 g per day [21]. Additionally, urine samples were
collected to determine urea levels (mmol/L). Urine nitrogen loss (g/
d) was calculated from urea levels and 24-h urine volumes at the
day the sample were taken. Urinary urea was not determined for
patients who received continuous renal replacement therapy
(CRRT) [35,36]. Urinary protein loss (g/d) was calculated as urinary
nitrogen loss � 6.25. Protein balance (g/d) was defined as delivered
protein intake minus the urinary protein loss.

2.2.3. Nutritional intake
Nutritional parameters included administered nutritional en-

ergy (kcal) and protein (grams) and non-nutritional calories (e.g.
lipid-based emulsions and glucose) intake per day. Feeding goals, as
recommended by ESPEN, were determined per individual by one
ICU dietitian (PLL) [7]. The initial goal was to achieve hypocaloric
(<70% of mREE) energy provision in the acute phase and
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normocaloric (70e100% of mREE) in the late phase. Conform our
nutrition protocol actual body weight (kg) upon admission was
used to calculate feeding goals, unless there was clinical manifes-
tation of fluid overload, the estimated usual body weight before
admission was used. The calculated feeding goal (CFG) for energy,
equal to pREE, was determined for every patient individually per
time point. The CFG corresponds with the energy requirement as
predicted with the use of either the WHO (BMI � 30 kg/m2) or
Harris and Benedict (BMI > 30 kg/m2) equation [37e39]. Correction
of energy requirement for influential factors (þ0e10% sedation and
mechanical ventilation, þ10e20% mechanical
ventilation, þ20e30% no mechanical ventilation), were made per
individual for the day indirect calorimetry was performed and
ranged generally from 0 to 30 percent. The CFG for protein gener-
ally ranging from 1.3 to 1.7 g/kg [7,40], taking into account the
presence of wounds/decubitus and CRRT [7,40]. Delivery of energy
was calculated by adding all calories from oral intake, EN, PN and
non-nutritional sources. Delivery of protein was calculated by
adding protein administered by oral intake, EN and PN.

2.3. Statistical analysis

Data on baseline characteristics were analyzed by means of
descriptive statistics: mean (standard deviation (SD)), median
(interquartile range (IQR)) and numbers (percentages (%)). Differ-
ences between pREE and mREE within each phase and differences
in mREE between the acute and late phase were analyzed with a
paired samples t-test. Data analysis was performed using IBM SPSS
statistics for windows, version 25.0 (IBM Corp. Armonk, NY, USA). A
2-sided p-value of less than a ¼ 0.05, was considered to be statis-
tically significant.

3. Results

3.1. Study population

After METC approval a total of 62 critically ill patients with
confirmed COVID-19 were eligible for enrollment. Of which 21
patients (67% male) were measured in both phases (Table 1). The
majority of the excluded patients had only one measurement or
were measured outside the set time frame of our predefined
Table 1
Baseline characteristics of study population at admission to the ICU.

All included patients, n ¼ 21

Male sex, n (%) 14 (66.7)
Age (yr), median [IQR] 59 [44e66]
BMI (kg/m2), median [IQR] 31.5 [25.7e37.8]
Normal weight, n (%) 5 (23.8)
Overweight, n (%) 4 (19.0)
Obese, n (%) 12 (57.1)

APACHE IV score (%), median [IQR] 22.2 [9.5e35.0]
Comorbidities, n (%)
Diabetes mellitus type 2 10 (35.5)
Cardiac disease 5 (23.8)
Respiratory disease 8 (38.1)
Gastrointestinal disease 1 (4.8)
Cancer 2 (9.5)
Renal disease 2 (9.5)
Immune disease 1 (4.8)
Neurological disease 1 (4.8)
Syndromea 1 (4.8)

Transferred from another ICU, n (%) 19 (90.5)

Abbreviations: APACHE IV ¼ acute physiology and chronic health evaluation IV,
BMI ¼ body mass index, ICU ¼ intensive care unit. APACHE IV is expressed as a risk
percentage ranging from 0 to 100%, where a higher percentage indicates higher risk
on mortality at admission.

a Syndrome due to a genetic disorder.
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disease phases. The median age of patients was 59 years [44e66],
median BMI was 31.5 kg/m2 [25.7e37.8] and 57% were obese
(BMI > 30 kg/m2). The most common comorbidities were diabetes
mellitus type 2, cardiac disease and respiratory disease (Table 1),
and the majority of the patients had at least two comorbidities.
Most patients (90.5%) were transitioned from other ICU's to the ICU
in the Erasmus MC, an academic, tertiary referral centre specialized
in mechanical ventilation. The median of days spend in another ICU
was 3 days [0e6]. A total of 33% patients was measured in the acute
early and 67% in the acute late phase, which was considered to be
the acute phase.
3.2. Feeding practice and tolerance

Patients were predominantly fed with EN in both phases. One
patient received PN in the late phase. Nasoduodenal tubes were
used more often in the late phase (71%) as opposed to the acute
phase (48%) (p ¼ 0.021). Presence of gastro-intestinal symptoms
differed between phases. A higher median GRV (ml/day) was
recorded in the acute phase (125 [26e350]) compared to the late
phase (75 [40e238]). In the late phase, a higher frequency of
malabsorption (45%) was seen, compared to the acute phase (20%).
Urinary nitrogen loss and urinary protein losses were significantly
higher in the late phase compared to the acute phase (p ¼ 0.003)
(Table 2).
3.3. Measured resting energy expenditure

All patients were measured in both the acute and late phase,
with median day of measurement, day 4 [2e5] and day 11,
respectively [9e12]. Overall we found no significant difference of
mREE between the acute and late phase (p ¼ 0.529) (Table 3).
However, mREE was percentual higher in the late phase for the
majority of the patients (Fig. 1) and hypermetabolism was present
in both phases in 65% of the patients (Table 3). Body temperature
was comparable between phases. Median RASS score, CRP and IL-6
values decreased significantly from the acute to the late phase
(Table 3). Ventilation mode shifted from predominantly controlled
ventilation in the acute phase (90%) to mostly ventilation support
in the late phase (65%). Use of opiates changed from an opiate with
a long-half-life (sufentanil) in the acute phase to a short-acting
opiate (remifentanil) in the late phase (Table 3). The median
length of ICU stay was 29 days [16e38] and 81% of the patients
survived. In total the median length of hospital stay was 38 days
[18e46]. The majority of the patients (60%) received inpatient or
home-based rehabilitation care due to severe muscle weakness
after discharge.
3.4. Nutritional intake

The mean delivery of energy as percentage of mREE was lower
in the acute phase (70%) compared to the late phase (94%)
(p ¼ 0.001). In both the acute and late phase of disease mREE was
significantly higher compared to pREE (respectively p ¼ 0.001 and
p ¼ 0.000). Concerning protein delivery, administered and pre-
scribed amounts were higher in the late phase compared to the
acute phase (Table 3). The percentage of protein delivered
compared to the prescribed goal did not differ significantly
(p¼ 0.471). Based on urinary nitrogen loss presented in Table 2, the
mean urinary protein loss was 110 g (1.5 g/kg/d) in the acute and
161 g (1.9 g/kg/d) in the late phase [41]. This resulted in a signifi-
cantly more negative urinary protein balance (p ¼ 0.003) (Table 3).



Table 2
Feeding practices and tolerance, energy and protein administration during the acute phase (�7 days) and late phase (>7 days) of critical illness for all subjects.

Feeding practice and tolerance Acute phasea Late phaseb p-value

n ¼ 21 n ¼ 21

EN vs. PN, n 21 vs. 0 20 vs. 1
Feeding tube, n (%)
Nasogastric tube 11 (52.4) 6 (28.6)
Nasoduodenal tube 10 (47.6) 15 (71.4) 0.021
GRV (ml/day), median [IQR] 125 [26e350] 75 [40e238] 0.785
High GRVc, n (%) 2 (9.5) 1 (4.8) 0.578
Metoclopramide (yes), n (%) 13 (61.9) 7 (33.3) 0.055
Faeces (ml/day), median [IQR] 0 [0e300] 270 [15e638] 0.104
Malabsorptiond (yes), n (%) 4 (20.0) 9 (45.0) 0.227
Urinary nitrogen loss (g/d), mean ± SD 18 ± 11 26 ± 13 0.003
Urinary protein loss (g/d), mean ± SD 110 ± 66 161 ± 81 0.003

Nutritional intake

Administered energy (kcal), mean ± SD 1560 ± 577 2126 ± 639 0.001
Administered protein (g/d), mean ± SD 97 ± 38 127 ± 38 0.001

Abbreviations: EN ¼ enteral nutrition, GRV ¼ gastric residual volume, mREE ¼ measured resting energy expenditure, pREE ¼ predicted resting energy expenditure,
PN ¼ parenteral nutrition.
p-value of less than a ¼ 0.05, was considered to be statistically significant.

a Median day of measurement: 4 [2e6].
b Median day of measurement: 11 [9e14].
c �2 times �150 mL GRV/day was considered to be high GRV.
d >350 g faeces/day was considered malabsorption [21]. Urinary protein loss g/d is calculated as urinary nitrogen loss g/d � 6.25.

Table 3
Measured energy and protein balance and independent variables in the acute and late phase of critical illness in patients with two mREE measurements (n ¼ 21).

Acute phasea Late phaseb p-value

Energy

pREE (kcal), mean ± SD 1900 ± 334 1975 ± 330 0.522
mREE (kcal), mean ± SD 2267 ± 668 2284 ± 623 0.529
RQ, mean ± SD 0.76 ± 0.11 0.81 ± 0.09 0.934
Metabolismc, n (%)
Hypometabolic 1 (5.0) 1 (5.0)
Normometabolic 6 (30.0) 6 (30.0)
Hypermetabolic 13 (65.0) 13 (65.0)

Delivery of calories (% of mREE), mean ± SD 70 ± 24 94 ± 24 0.004

Protein

Prescribed protein feeding goal (g), mean ± SD 108 ± 40 133 ± 25 0.005
Delivery of protein (g/kg/d), mean ± SD 1.0 ± 0.4 1.3 ± 0.3 0.053
Urinary protein loss (g/kg/d), median [IQR] 1.5 [0.9e1.8] 1.9 [1.3e2.3] 0.008
Urinary protein balanced (g/d), median [IQR] �9.0 [�28.4; 31.8] �63 [�101.4;�12.1] 0.003

Potential confounding variables

Body temperature (�C), mean ± SD 37.6 ± 0.8 37.7 ± 1.1 0.806
RASS-score, median [IQR] �5 [ �5;�5] �4 [�5;�2] 0.013
SOFA-score, median [IQR] 5 [4.5e6] 4 [2e5] 0.160
Ventilation mode, n (%)
Controlled ventilation 19 (90.0) 7 (35.0)
Ventilation support 2 (10.0) 13 (65.0)

C-reactive protein (mg/L), median [IQR] 196 [132e310] 72 [29e173] 0.001
Interleukin-6 (pg/mL), median [IQR] 71 [45e268] 29 [9e61] 0.006
Urinary nitrogen loss (g/d), median [IQR] 16 [10.6e18.3] 21 [18.5e29.3] 0.003
Opiates, n (%)
Sufentanil 17 (80.0) 4 (20.0)
Remifentanil 4 (20.0) 17 (80.0)

Abbreviations: mREE ¼ measured resting energy expenditure, pREE ¼ predicted resting energy expenditure, RASS ¼ richmond agitationesedation scale, RQ ¼ respiratory
quotient, SOFA ¼ sequential organ failure assessment score.
p-value of less than a ¼ 0.05, was considered to be statistically significant.

a Median day of measurement: 4 [2e5].
b Median day of measurement: 11 [9e12].
c Metabolism determined as (predicted REE/mREE) � 100%. Considered hypometabolic if <90% of predicted REE and hypermetabolic if >110% of predicted REE.
d Urinary protein balance defined as delivered protein intake g/d e urinary protein loss g/d.
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4. Discussion

This study describes the mREE, feeding practices and feeding
tolerance of critically ill COVID-19 patients. No significant dif-
ference in mREE between the acute and late phase of critical
386
illness was observed in our sample of patients. Overall, mREE
was higher than pREE in both phases. Demographics of our
sample size based on BMI [42e45] and gender [42,46e49] are
comparable with other recent studies in critically ill COVID-19
patients.



Fig. 1. Percentual change in kilocalories of measured resting energy expenditure (mREE) between the first measurement in the acute phase and the second measurement in the late
phase per patient (n ¼ 21).
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Concerning feeding practices in both phases of disease enteral
nutrition could be administered and increased but remained below
the mREE. High GRVwas not frequently observed in both phases, as
the malabsorption was more frequently seen in the late phase,
although this was not significant.

Contrary to our expectations we didn't find a significant differ-
ence in mREE between the phases. It might be expected that mREE
is increased during the late phase of disease due to less use of
sedatives and weaning of mechanical ventilation as a result of
decreased inflammation. Although inflammatory parameters
decreased, it might be explained by a prolonged acute phase in
COVID-19 patients. It is questionable whether our measurement
schedule was suitable to distinguish the phases in our study pop-
ulation. Furthermore, the massive loss of muscle mass during ICU
stay will lead to a decrease to the contribution of mREE [10,40].
However, we didn't have measurements of muscle mass loss of
these patients in both phases of disease and because the fractional
contribution of muscle mass is approximately 20% of the mREE, it is
questionable whether the loss of muscle mass and it's contribution
in mREE can be accurately measured [50,51].

In our study hypermetabolism was present in both phases in
65% of the patients. This is in accordance with two studies in which
respectively 22 and 7 COVID-19 patients wasmeasured respectively
between day 5e21, and day 8e55 after ICU admission [32,33]. In
these studies all patients were hypermetabolic after day 7, however
no intra-individual analysis of mREE were performed. De Waele
et al. reported normometabolism in 6 COVID-19 patients at day
1e26 after ICU admission [52]. Based on our results the need for
indirect calorimetry to guide nutritional treatment in COVID-19
patients should be emphasized since predictive formulas under-
estimated REE.

Enteral nutrition was most commonly used in both phases
(100% vs. 95%), with significant more use of nasoduodenal tubes in
the late phase (p ¼ 0.021). Compared to mREE hypocaloric energy
provision (70%) was observed in the acute phase, which seems an
optimal intake during the first 3 days of ICU stay [26]. After which
the caloric delivery could be increased to 80e100% of mREE [7]. The
deficit in our study might be explained by interruptions of feeding
due to prone positioning and medical procedures [53,54]. Supple-
mental parenteral nutrition in the first week of ICU stay is not a
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standard procedure in our protocol and is weighted case-by-case,
because the best timing remains debatable [7]. During the late
phase the caloric delivery was almost normocaloric (94% of mREE).
Likewise, Zusman et al. investigated mREE in a general ICU popu-
lation (n ¼ 1171) and reached 90% caloric administration of mREE
[26]. Protein delivery was in accordance with the ESPEN guidelines
in the acute and late phase (1.0 g/kg/d vs. 1.3 g/kg/g and 1.3 g/kg/
d vs. 1.3 g/kg/g) [7,55].

However, we observed a negative protein balance in both phases
based on urinary protein loss which might indicate that the protein
intake was inadequate to compensate the protein breakdown.
Moreover, faecal and insensible nitrogen losses were not even
taken into account. It has been suggested that critically ill patients
with obesity, like our study population, should receive higher
protein intakes of 2.0e2.5 g/ideal bodyweight kg/d to approach
nitrogen equilibrium [56]. We found significant more urinary ni-
trogen loss in the late phase (p ¼ 0.003). Lower levels in the acute
phase could be the result of autophagy and a smaller extent of
delivered protein in this phase. In the late phase of critical illness,
the human body relies more on exogenous sources of energy and
protein [6]. Moreover, the accumulated loss of muscle mass during
ICU stay due to catabolism and immobilization may result in
increased levels of nitrogen excretion in the late phase [57,58].
Likewise, Pittiruti et al. reported an increase of urinary nitrogen loss
in the late phase (>5 days) of both septic and non-septic patients,
with the highest amounts in septic patients without MOF (25.6 g/d)
[59]. Long et al. reported an increase of urinary nitrogen loss
following the severity of disease, without a significant difference
between trauma, septic and burn patients [40]. Based on these
results the need for monitoring urinary nitrogen excretion should
be emphasized to guide protein delivery in COVID-19 patients. It is
however questionable if a higher protein intake can be achieved to
overcome this negative protein balance due to the persistent high
inflammatory state of the patients.

Contrary to our expectations gastrointestinal symptoms were
mild and GRV volumes remained low in both phases whereas
faeces volume increased in the late phase. This might be due to the
fact that the volume of enteral nutrition increased and inflamma-
tory response decreased. This is in contrast with Arkin et al. who
reported that there is a considerable gastrointestinal involvement



P.L.M. Lakenman, B. van der Hoven, J.M. Schuijs et al. Clinical Nutrition ESPEN 43 (2021) 383e389
due to the COVID-19 infection [54]. It is contemplated that the
abundant use of sedatives reduces gastrointestinal motility and it
was reported that gastrointestinal hypo motility was worse in
COVID-19 patients compared to other ICU patients due to the high-
doses of sedatives who were needed [54,55]. However this was not
observed in our study and might be explained by the fact that
feeding tolerance was only measured at the day mREE was
performed.

Limitations of our study are mREE was performed in the acute
and late phase according to our schedule, but not corrected for the
days spend in another ICU which could result in bias. Delivery of
calories and protein was according to our protocol, but nutritional
losses and feeding tolerance could not be fully explored due to the
observational study design and depends on accurate reporting in
the medical charts. Also, urinary nitrogen losses may be under-
estimated, due to the catabolic nature of ICU patients and the
possibility of losses via other routes [60].

5. Conclusion

No significant difference in measured energy expenditure be-
tween the acute and late phase of critical illness was observed in
this sample of COVID-19 patients. However, in both phases the
majority of the patients were hypermetabolic and fed belowmREE.
In conjunction with an increasing loss of nitrogen in the late phase
and a negative nitrogen balance it can be concluded that patients
remained in a prolonged catabolic phase. Our sample of COVID-19
patients could be fed enterally with an acceptable tolerance of
intake but it has to be investigated if it is possible to achieve a
higher enteral intake without an increase of gastro-intestinal
intolerance to overcome the massive protein breakdown and
counteract the catabolic response.

Funding statement

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Author contributions

All authors conceived and designed the research; PLL, BVH
conducted the measurements and calculations; PLL and JMS
analyzed the data; PLL and BVH wrote the manuscript. All authors
have read, edited and approved the manuscript.

Declaration of competing interest

None Declared.

References

[1] Heymann DL, Shindo N. COVID-19: what is next for public health? Lancet
2020;395(10224):542e5.

[2] Velavan TP, Meyer CG. The COVID-19 epidemic. Trop Med Int Health
2020;25(3):278e80.

[3] Thibault R, Seguin P, Tamion F, Pichard C, Singer P. Nutrition of the COVID-19
patient in the intensive care unit (ICU): a practical guidance. Crit Care
2020;24(1):1e8.

[4] Wang Y, Lu X, Li Y, Chen H, Chen T, Su N, et al. Clinical course and outcomes of
344 intensive care patients with COVID-19. Am J Respir Crit Care Med
2020;201(11):1430e4.

[5] Emami A, Javanmardi F, Pirbonyeh N, Akbari A. Prevalence of underlying
diseases in hospitalized patients with COVID-19: a systematic review and
meta-analysis. Arch Acad Emerg Med 2020;8(1).

[6] Sharma K, Mogensen KM, Robinson MK. Pathophysiology of critical illness and
role of nutrition. Nutr Clin Pract 2019;34(1):12e22.

[7] Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC, Casaer MP, et al.
ESPEN guideline on clinical nutrition in the intensive care unit. Clin Nutr
2019;38(1):48e79.
388
[8] Berger MM, Pichard C. Feeding should be individualized in the critically ill
patients. Curr Opin Crit Care 2019;25(4):307e13.

[9] Fraipont V, Preiser JC. Energy estimation and measurement in critically ill
patients. J Parenter Enter Nutr 2013;37(6):705e13.

[10] Wischmeyer PE. Nutrition therapy in sepsis. Crit Care Clin 2018;34(1):
107e25.

[11] Mongardon N, Singer M. The evolutionary role of nutrition and metabolic
support in critical illness. Crit Care Clin 2010;26(3):443e50.

[12] Rattanachaiwong S, Singer P. Indirect calorimetry as point of care testing. Clin
Nutr 2019;38(6):2531e44.

[13] Uehara M, Plank LD, Hill GL. Components of energy expenditure in patients
with severe sepsis and major trauma: a basis for clinical care. Crit Care Med
1999;27(7):1295e302.

[14] Plank LD, Connolly AB, Hill GL. Sequential changes in the metabolic response
in severely septic patients during the first 23 days after the onset of perito-
nitis. Ann Surg 1998;228(2):146e58.

[15] McClave SA, Martindale RG, Kiraly L. The use of indirect calorimetry in
the intensive care unit. Curr Opin Clin Nutr Metab Care 2013;16(2):
202e8.

[16] Wernerman J, Christopher KB, Annane D, Casaer MP, Coopersmith CM,
Deane AM, et al. Metabolic support in the critically ill: a consensus of 19. Crit
Care 2019;23(1):1e10.

[17] Oshima T, Berger MM, De Waele E, Guttormsen AB, Heidegger C-P,
Hiesmayr M, et al. Indirect calorimetry in nutritional therapy. A position paper
by the ICALIC study group. Clin Nutr 2017;36(3):651e62.

[18] Weijs PJ, Looijaard WG, Beishuizen A, Girbes AR, Oudemans-van Straaten HM.
Early high protein intake is associated with low mortality and energy over-
feeding with high mortality in non-septic mechanically ventilated critically ill
patients. Crit Care 2014;18(6):701.

[19] Petros S, Horbach M, Seidel F, Weidhase L. Hypocaloric vs normocaloric
nutrition in critically ill patients: a prospective randomized pilot trial.
J Parenter Enter Nutr 2016;40(2):242e9.

[20] Singer P, Anbar R, Cohen J, Shapiro H, Shalita-Chesner M, Lev S, et al. The tight
calorie control study (TICACOS): a prospective, randomized, controlled pilot
study of nutritional support in critically ill patients. Intensive Care Med
2011;37(4):601e9.

[21] Wierdsma NJ, Peters JHC, Weijs PJM, Keur MB, Girbes ARJ, van Bodegraven AA,
et al. Malabsorption and nutritional balance in the ICU: fecal weight as a
biomarker: a prospective observational pilot study. Crit Care 2011;15(6):
R264.

[22] Kar P, Jones KL, Horowitz M, Chapman MJ, Deane AM. Measurement of gastric
emptying in the critically ill. Clin Nutr 2015;34(4):557e64.

[23] Metheny NA, Mills AC, Stewart BJ. Monitoring for intolerance to gastric tube
feedings: a national survey. Am J Crit Care 2012;21(2):e33e40.

[24] Chapman MJ, Besanko LK, Burgstad CM, Fraser RJ, Bellon M, O'Connor S, et al.
Gastric emptying of a liquid nutrient meal in the critically ill: relationship
between scintigraphic and carbon breath test measurement. Gut 2011;60(10):
1336e43.

[25] Plank LD, Hill GL. Sequential metabolic changes following induction of sys-
temic inflammatory response in patients with severe sepsis or major blunt
trauma. World J Surg 2000;24(6):630e8.

[26] Zusman O, Theilla M, Cohen J, Kagan I, Bendavid I, Singer P. Resting energy
expenditure, calorie and protein consumption in critically ill patients: a
retrospective cohort study. Crit Care 2016;20(1):367.

[27] McCall M, Jeejeebhoy K, Pencharz P, Moulton R. Effect of neuromuscular
blockade on energy expenditure in patients with severe head injury.
J Parenter Enter Nutr 2003;27(1):27e35.

[28] Frankenfield DC, Oniert LA, Badellino MM, Wiles Iii CE, Bagley SM, Goodarzi S,
et al. Correlation between measured energy expenditure and clinically ob-
tained variables in trauma and sepsis patients. J Parenter Enter Nutr
1994;18(5):398e403.

[29] Kreymann G, Grosser S, Buggisch P, Gottschall C, Matthaei S, Greten H. Oxygen
consumption and resting metabolic rate in sepsis, sepsis syndrome, and septic
shock. Crit Care Med 1993;21(7):1012e9.

[30] Chai J, Sheng Z, Gao J. The effects of extensive excision of massive invasive
infected burn wound on the REE of burn patients with sepsis. Zhonghua Shao
Shang Za Zhi 2001;17(2):96e8.

[31] Wilmore DW, Long JM, Mason Jr AD, Skreen RW, Pruitt Jr BA. Catecholamines:
mediator of the hypermetabolic response to thermal injury. Ann Surg
1974;180(4):653.

[32] Yu PJ, Cassiere H, DeRosa S, Bocchieri K, Yar S, Hartman A. Hypermetabolism
and COVID-19. J Parenter Enter Nutr 2020;44(7):1234e6.

[33] Whittle J, Molinger J, MacLeod D, Haines K, Wischmeyer PE, Whittle J, et al.
Persistent hypermetabolism and longitudinal energy expenditure in critically
ill patients with COVID-19. Crit Care 2020;24(1):581.

[34] Singer P, Pichard C, De Waele E. Practical guidance for the use of indirect
calorimetry during COVID 19 pandemic. Clin Nutr Exp 2020;33:18e23.

[35] Btaiche IF, Mohammad RA, Alaniz C, Mueller BA. Amino acid requirements in
critically ill patients with acute kidney injury treated with continuous renal
replacement therapy. Pharmacotherapy 2008;28(5):600e13.

[36] Stroud M. Protein and the critically ill; do we know what to give? Proc Nutr
Soc 2007;66(3):378e83.

[37] Kruizenga HM, Hofsteenge GH, Weijs PJ. Predicting resting energy expendi-
ture in underweight, normal weight, overweight, and obese adult hospital
patients. Nutr Metab 2016;13:85.

http://refhub.elsevier.com/S2405-4577(21)00121-2/sref1
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref1
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref1
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref2
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref2
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref2
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref3
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref3
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref3
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref3
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref4
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref4
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref4
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref4
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref5
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref5
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref5
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref6
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref6
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref6
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref7
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref7
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref7
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref7
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref8
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref8
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref8
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref9
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref9
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref9
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref10
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref10
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref10
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref11
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref11
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref11
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref12
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref12
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref12
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref13
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref13
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref13
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref13
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref14
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref14
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref14
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref14
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref15
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref15
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref15
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref15
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref16
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref16
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref16
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref16
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref17
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref17
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref17
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref17
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref18
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref18
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref18
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref18
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref19
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref19
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref19
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref19
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref20
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref20
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref20
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref20
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref20
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref21
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref21
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref21
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref21
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref22
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref22
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref22
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref23
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref23
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref23
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref24
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref24
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref24
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref24
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref24
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref25
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref25
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref25
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref25
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref26
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref26
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref26
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref27
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref27
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref27
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref27
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref28
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref28
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref28
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref28
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref28
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref29
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref29
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref29
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref29
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref30
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref30
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref30
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref30
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref31
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref31
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref31
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref32
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref32
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref32
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref33
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref33
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref33
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref34
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref34
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref34
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref35
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref35
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref35
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref35
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref36
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref36
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref36
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref37
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref37
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref37


P.L.M. Lakenman, B. van der Hoven, J.M. Schuijs et al. Clinical Nutrition ESPEN 43 (2021) 383e389
[38] Roza AM, Shizgal HM. The Harris Benedict equation reevaluated: resting
energy requirements and the body cell mass. Am J Clin Nutr 1984;40(1):
168e82.

[39] Human energy requirements: report of a joint FAO/WHO/UNU expert
consultation. Food Nutr Bull 2005;26(1):166.

[40] McClave SA, Taylor BE, Martindale RG, Warren MM, Johnson DR,
Braunschweig C, et al. Guidelines for the provision and assessment of nutri-
tion support therapy in the adult critically ill patient: society of critical care
medicine (SCCM) and American Society for Parenteral and Enteral Nutrition
(A.S.P.E.N.). J Parenter Enter Nutr 2016;40(2):159e211.

[41] Fontaine E, Müller MJ. Adaptive alterations in metabolism: practical conse-
quences on energy requirements in the severely ill patient. Curr Opin Clin
Nutr Metab Care 2011;14(2):171e5.

[42] Moonen HPFX, van Zanten FJL, Driessen L, de Smet V, Slingerland-Boot R,
Mensink M, et al. Association of bioelectric impedance analysis body
composition and disease severity in COVID-19 hospital ward and ICU patients:
the BIAC-19 study. Clin Nutr 2021;40(4):2328e36.

[43] Pettit NN, MacKenzie EL, Ridgway JP, Pursell K, Ash D, Patel B, et al. Obesity is
associated with increased risk for mortality among hospitalized patients with
COVID-19. Obesity 2020;28(10):1806e10.

[44] Rychter AM, Zawada A, Ratajczak AE, Dobrowolska A, Krela-Ka�zmierczak I.
Should patients with obesity be more afraid of COVID-19? Obes Rev
2020;21(9):e13083.

[45] Stefan N, Birkenfeld AL, Schulze MB, Ludwig DS. Obesity and
impaired metabolic health in patients with COVID-19. Nat Rev Endocrinol
2020:1e2.

[46] Itelman E, Wasserstrum Y, Segev A, Avaky C, Negru L, Cohen D, et al. Clinical
characterization of 162 COVID-19 patients in Israel: preliminary report from a
large tertiary center. Isr Med Assoc J 2020;22(5).

[47] Hu L, Chen S, Fu Y, Gao Z, Long H, Wang J-m, et al. Risk factors associated with
clinical outcomes in 323 COVID-19 hospitalized patients in Wuhan, China.
Clin Infect Dis 2020;158(1):97e105.

[48] Kalligeros M, Shehadeh F, Mylona EK, Benitez G, Beckwith CG, Chan PA, et al.
Association of obesity with disease severity among patients with coronavirus
disease 2019. Obesity 2020;28(7):1200e4.
389
[49] Lodigiani C, Iapichino G, Carenzo L, Cecconi M, Ferrazzi P, Sebastian T, et al.
Venous and arterial thromboembolic complications in COVID-19 patients
admitted to an academic hospital in Milan, Italy. Thromb Res 2020;191:9e14.

[50] Heymsfield SB, Gallagher D, Kotler DP, Wang Z, Allison DB, Heshka S. Body-
size dependence of resting energy expenditure can be attributed to non-
energetic homogeneity of fat-free mass. Am J Physiol Endocrinol Metab
2002;282(1):E132e8.

[51] Wang Z, Ying Z, Bosy-Westphal A, Zhang J, Schautz B, Later W, et al. Specific
metabolic rates of major organs and tissues across adulthood: evaluation by
mechanistic model of resting energy expenditure. Am J Clin Nutr 2010;92(6):
1369e77.

[52] De Waele E, Demol J, Jonckheer J. Resting energy expenditure measured by
indirect calorimetry: ventilated Covid-19 patients are normometabolic. Clin
Nutr ESPEN 2020;40:631e2.

[53] Stewart ML. Interruptions in enteral nutrition delivery in critically ill patients
and recommendations for clinical practice. Crit Care Nurse 2014;34(4):14e22.

[54] Arkin N, Krishnan K, Chang MG, Bittner EA. Nutrition in critically ill patients
with COVID-19: challenges and special considerations. Edinburgh, Scotland:
Clinical Nutrition; 2020.

[55] Barazzoni R, Bischoff SC, Breda J, Wickramasinghe K, Krznaric Z, Nitzan D,
et al. ESPEN expert statements and practical guidance for nutritional man-
agement of individuals with SARS-CoV-2 infection. Elsevier; 2020.

[56] Dickerson RN. Nitrogen balance and protein requirements for critically ill
older patients. Nutrients 2016;8(4):226.

[57] Preiser JC, Ichai C, Orban JC, Groeneveld ABJ. Metabolic response to the stress
of critical illness. Br J Anaesth 2014;113(6):945e54.

[58] Truong AD, Fan E, Brower RG, Needham DM. Bench-to-bedside review:
mobilizing patients in the intensive care unit e from pathophysiology to
clinical trials. Crit Care 2009;13(4):216.

[59] Pittiruti M, Siegel JH, Sganga G, Coleman B, Wiles III CE, Placko R. De-
terminants of urea nitrogen production in sepsis: muscle catabolism, total
parenteral nutrition, and hepatic clearance of amino acids. Arch Surg
1989;124(3):362e72.

[60] Pierre S. Basics IN clinical nutrition. 4th ed. The European Society for Clinical
Nutrition and Metabolism; 2019.

http://refhub.elsevier.com/S2405-4577(21)00121-2/sref38
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref38
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref38
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref38
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref39
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref39
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref40
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref40
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref40
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref40
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref40
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref40
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref41
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref41
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref41
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref41
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref42
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref42
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref42
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref42
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref42
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref43
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref43
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref43
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref43
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref44
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref44
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref44
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref44
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref45
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref45
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref45
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref45
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref46
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref46
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref46
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref47
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref47
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref47
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref47
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref48
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref48
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref48
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref48
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref49
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref49
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref49
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref49
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref50
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref50
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref50
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref50
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref50
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref51
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref51
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref51
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref51
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref51
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref52
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref52
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref52
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref52
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref53
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref53
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref53
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref54
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref54
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref54
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref55
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref55
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref55
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref56
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref56
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref57
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref57
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref57
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref58
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref58
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref58
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref58
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref59
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref59
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref59
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref59
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref59
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref60
http://refhub.elsevier.com/S2405-4577(21)00121-2/sref60

	Energy expenditure and feeding practices and tolerance during the acute and late phase of critically ill COVID-19 patients
	1. Introduction
	2. Material and methods
	2.1. Study population and study design
	2.2. Data collection and management
	2.2.1. Energy expenditure
	2.2.2. Feeding practice and tolerance
	2.2.3. Nutritional intake

	2.3. Statistical analysis

	3. Results
	3.1. Study population
	3.2. Feeding practice and tolerance
	3.3. Measured resting energy expenditure
	3.4. Nutritional intake

	4. Discussion
	5. Conclusion
	Funding statement
	Author contributions
	Declaration of competing interest
	References


