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Abstract
Purpose of Review The COVID-19 pandemic is a unique disease process that has caused unprecedented challenges for inten-
sive care specialists. The hyperinflammatory hypermetabolic nature of the disease and the complexity of its management cre-
ate barriers to the delivery of nutritional therapy. This review identifies the key differences which characterize this pandemic 
from other disease processes in critical illness and discusses alternative strategies to enhance success of nutritional support.
Recent Findings Prolonged hyperinflammation, unlike any previously described pattern of response to injury, causes meta-
bolic perturbations and deterioration of nutritional status. High ventilatory demands, hypercoagulation with the risk of bowel 
ischemia, and threat of aspiration in patients with little or no pulmonary reserve, thwart initial efforts to provide early enteral 
nutrition (EN). The obesity paradox is invalidated, tolerance of EN is limited, intensivists are reluctant to add supplemental 
parenteral nutrition (PN), and efforts to give sufficient nutritional therapy remain a low priority.
Summary The nature of the disease and difficulties providing traditional critical care nutrition lead to dramatic deterioration 
of nutritional status. Institutions should not rely on insufficient gastric feeding alone but focus instead on redoubling efforts 
to provide postpyloric deep duodenal/jejunal EN or re-examine the role of supplemental PN in this population of patients 
with such severe critical illness.

Keywords COVID-19 disease · Coronavirus · SARS-CoV-2 · Nutritional therapy · Enteral nutrition · Parenteral nutrition · 
Malnutrition

Introduction

Since the early part of 2020, the emergence of the COVID-
19 pandemic has posed incredible personal and professional 
challenges for healthcare providers charged with treating this 
complex group of patients. While we have learned much 

about the disease process leading to many improvements 
in its clinical management, unfortunately, efforts to pro-
vide adequate nutritional therapy have not been nearly as 
successful.

At the onset of the pandemic, any strategies adopted for 
providing nutritional therapy to this new patient population 
was based on guidelines previously published for provid-
ing traditional nutritional therapy to critically ill patients in  
an intensive care unit (ICU) [1•, 2•]. However, it quickly 
became evident that the wide range of symptoms, the sheer 
volume of patients, and the unpredictability of the disease 
process combined with excessive demands for oxygenation 
created barriers limiting the successful delivery of such 
nutritional therapy. The objectives of this manuscript are 
to highlight the unique nutritional and metabolic features 
of the critically ill patient with COVID-19 and understand 
the role that obesity plays in this disease process. Also, it 
is important to understand how the constraints of COVID-
19 disease impact the delivery of early enteral nutrition 
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(EN), and to learn appropriate changes in strategy to pro-
vide nutritional therapy despite considerable barriers in a 
manner that is appropriate for each individual institution 
or medical center.

Key Difference: The Nature of the Pandemic

The SARS-CoV-2 virus that causes COVID-19 disease 
shares a unique subclass with the viruses associated with 
the severe acute respiratory syndrome (SARS) and the 
Middle Eastern respiratory syndrome (MERS), which were 
responsible for two pandemics that preceded the current 
COVID-19 pandemic (Fig. 1) [3, 4]. SARS started in Hong 
Kong in 2003, spreading through Asia, causing 8098 peo-
ple to be infected and resulting in a 9.7% mortality [5]. Ten 
years later in 2012 after the SARS pandemic, the MERS 
pandemic started in Saudi Arabia and spread as far as Korea. 
A total of 2494 patients were infected and had a 34% mor-
tality rate. In comparison, the SARS-CoV-2 virus causing 
the COVID-19 pandemic started in 2019 and over the first 
18 months resulted in 116 million individuals worldwide 

being infected. COVID-19 disease initially had a mortal-
ity rate of 4.4%, but after 18 months with improvements in 
management, the cumulative mortality rate was reduced to 
a rate of 2.2% [5]. The original hosts for the SARS-CoV-2 
virus were bats, but infestation quickly spread to an inter-
mediate host (the Chinese Pangolin or ant-eater), and then 
to humans. This is one example of a virus jumping from one 
animal species to another (Fig. 1) [3, 4]. 

COVID-19 is a uniquedisease process, which creates its 
own set of complications. First, a full spectrumof disease 
phenotypes exists, ranging from completely asymptomatic 
individuals tothose who experience severe critical illness 
in the form of acute respiratorydistress syndrome (ARDS), 
often requiring multiorgan support in an intensivecare set-
ting. Fortunately, 80% of those patients infected have mild 
disease,15% have symptoms that require hospitalization, 
and only 5% require intensivecare. [6, 7] At thestart of the 
pandemic, 75% of the ICU patients were requiring mechani-
calventilation, a percentage that dropped significantly to 25% 
as strategies formeeting ventilatory demands were adopted 
to prevent intubation. 

Fig. 1  Classification of SARS-CoV-2 Virus (Figure adapted with 
permission from H A. Aboubakr et al. and Galanopoulos M et al. – 
references [3, 4]). Legend: SARS severe acute respiratory syndrome, 

MERS Middle Eastern respiratory syndrome, SARS-CoV-2 severe 
acute respiratory syndrome coronavirus-2
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For a variety of reasons, the process of making recom-
mendations for the nutritional therapy of those COVID-19 
patients with severe critical illness was not easy early in the 
pandemic, and factors which impacted those recommenda-
tions did not remain consistent as the pandemic progressed. 
Quickly it became apparent that the disease process violated 
many of the existing standards of traditional critical care 
nutrition. The position on the pandemic curve of new cases 
for a particular region or location could have profound impli-
cations in terms of supplies (personal protective equipment 
or PPEs) and medications. Additionally, institutional culture 
as well as the leadership and expertise in a given ICU had 
tremendous influence on local protocols and what patients 
would actually receive in terms of supplies, nutrients, and 
supplemental therapies. In order to improve the delivery of 
nutrition in this new pandemic, intensivists would need to 
reassess their biases and existing prejudices with regard to 
traditional critical care nutrition [8].

Key Difference: Lack of Effective Guidelines 
for Nutritional Therapy

At the beginning of the pandemic, there was an urgent 
need for the Society of Critical Care Medicine (SCCM) 
and the American Society for Parenteral and Enteral 
Nutrition (ASPEN) to provide clinicians with guidelines 
to manage this new population of critically ill patients. A 
group of experts was gathered to provide guidelines for 
nutritional therapy, which were developed in March 2020, 
placed on the SCCM website, and eventually published 
in the Journal for Parenteral and Enteral Nutrition [1•]. 
Given the lack of data on COVID-19 patients at the time, 
basic principles for nutritional therapy were adopted from 
traditional critical care delineated in the ASPEN/SCCM 
2016 guidelines [2•]. Those basic principles were centered 
on early gastric feeding with a gradual increase in the infu-
sion rate to goal. The emphasis on early EN included those 
patients who required prone positioning, extracorporeal 
membrane oxygenation (ECMO), or paralysis by neuro-
muscular blockade. Also, the early nutritional guidelines 
emphasized the use of exclusive parental nutrition (PN) as 
soon as possible if EN was not feasible. There was no men-
tion of adding supplemental PN to EN when the amount 
of tube feeding was insufficient [1•].

A national survey was conducted by the University of 
Louisville from September 2020 to December 2020 in order 
to expand collective knowledge on the status of providing 
nutritional therapy for this difficult group of patients. The 
survey was sent out by email, social media, and newsletter 
to members of ASPEN. Of the 440 individuals who viewed 
the link, 45% responded by completing the survey, of which 
30% were physicians and 70% were dietitians. Responses 

were equally split between healthcare providers at com-
munity (51%) and academic medical centers (43%). At the 
time of this survey, 49% of the centers had a protocol to 
treat COVID-19 patients, but only 21% had a protocol for 
providing their nutritional therapy. Some of the key issues 
raised by their responses included the difficulty in feeding a 
patient undergoing awake proning and the reluctance to add 
supplemental PN to insufficient EN. Results of the survey 
indicated that an emphasis solely on gastric feeding was 
rarely effective in this group of patients [9•].

Key Difference: Dynamic Changes in Overall 
Management

Throughout the pandemic, clinicians were forced to deal 
with a rapidly evolving dynamic process where informa-
tion was being accumulated around the globe and research-
ers were scrambling to provide objective evidence by 
which to manage these patients. Such an environment 
made it difficult to standardize or protocolize treatment, 
and to quickly apply the academic experience to commu-
nity centers. As would be expected, there were many strat-
egies that worked, but several others which failed to be 
effective. For instance, the availability of several therapeu-
tic agents such as convalescent serum and hydroxychlo-
roquine early on appeared promising but were later found 
to have little effect on outcome. In contrast, the antiviral 
agent Remedesivir, the production of monoclonal antibod-
ies (Baricitinib, Tocilizumab), and eventually the develop-
ment of mRNA vaccines appeared particularly effective 
and may have contributed successfully to the reduction in 
mortality. Early in the pandemic, melatonin was recom-
mended for use in COVID-19 disease with several micro-
nutrients such as vitamin D, vitamin C, zinc, and selenium 
because each agent demonstrated antiviral properties, anti-
oxidant effects, and had been shown to reduce systemic 
inflammation. While the micronutrients so far have not 
been shown to change outcome appreciably and thus have 
not gained generalized utilization, use of melatonin has 
continued because of its additional anti-psychotic effects 
and benefit in promoting sleep in these patients who are 
so often sleep-deprived and vulnerable to ICU-induced 
psychosis.

There was a major shift in the strategies to meet oxygena-
tion demands and the management of the hyperinflammatory 
response in these patients. At the beginning of the pandemic, 
the recommended strategy was early invasive mechanical 
ventilation (IMV). However, as more data emerged, there 
was a shift towards alternative treatment strategies such as 
use of non-invasive positive pressure ventilation (NIPPV) 
and high flow oxygen modalities. Clinicians were advised 
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against using steroids early on, but outcome was shown to be 
better with aggressive early use of corticosteroids. Despite 
generalized fatigue of healthcare workers and the politi-
cization of public health measures, these rapidly evolving 
measures resulted in better more successful treatment of 
COVID-19 disease as evidenced by a reduction in mortality 
from 4.5 to 2.2% [10].

Key Difference: Invalidation of the Obesity 
Paradox

For some time, observational data describing the obesity 
paradox have provided reassurance to intensivists with 
the implication that patients who are overweight or have 
class I or class II obesity have better outcome with reduced 
mortality compared to patients with the normal body mass 
index (Fig. 2) [11–14]. Experience with the pandemic so 
far appears to invalidate the obesity paradox, at least for 
the COVID-19 disease process. Obesity increases the likeli-
hood of contracting COVID-19 disease, and is a risk factor 
for greater disease severity, poorer outcome, and increased 
mortality [13, 14]. It increases the risk for development of 
ARDS and severe pneumonia [15, 16]. The presence of 

obesity is ranked second after age (over 60 years) as a risk 
factor for serious and severe disease [10]. Obesity increases 
the likelihood of hospital admission by twofold compared 
with non-obese patients with COVID-19 [11]. Other factors 
which contribute to greater disease severity and mortality 
include cardiovascular disease, diabetes, chronic respiratory 
disease, hypertension, malignancy, lower socioeconomic sta-
tus, male sex, and pre-existing malnutrition. [11–13].

A potential reason for higher mortality in obese patients 
with COVID-19 is that ACE-2 receptors may be expressed at 
the highest level in adipose tissue and the lungs. Also, obese 
patients may have other comorbidities such as obstructive 
sleep apnea (OSA) which causes baseline inflammation and 
cardiac strain such as pulmonary hypertension.

Clinicians have difficulty determining caloric require-
ments in the obese patient with COVID-19 disease, as 
weight-based predictive equations are less accurate and 
indirect calorimetry is impractical given the necessary infec-
tious precautions. These factors combined with poor deliv-
ery of the nutritional regimen result in significant weight 
loss throughout their hospitalization, which raises questions 
about the appropriateness of the high protein low calorie 
recommendations. Such a strategy needs to be reevaluated 
in this disease process [15–17].

Fig. 2  The Obesity Paradox 
(figure reproduced with permis-
sion from D L. Davenport et al. 
– reference [14])
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Key Difference: Imposing List 
of Management Priorities

Traditionally, provision of nutritional therapy can be a low 
priority in the management of critically ill patients. This 
tendency is amplified by the challenges and the sheer num-
ber of higher priority items in the complex management of 
the patient with COVID-19 disease (Fig. 3). On arrival to 
the ICU, these patients are generally profoundly hypoxemic, 
and so their ventilatory demands take the highest priority 
in the initial management. The next three pillars of therapy 
are anti-viral therapy, anti-thrombotic therapy given their 
hypercoagulation, and steroids to treat the hyperinflamma-
tory state. Subsequently, attention is often shifted towards 
the management of multiple organ failure, use and preserva-
tion of personalized protective equipment (PPE), and assur-
ing staff safety. Once all these management strategies are 
optimized, then attention can be turned to the delivery of 
nutritional therapy, considered unfortunately as one of the 
lowest priorities. As nutritional therapy is initiated, clini-
cians find that their patients have loss of taste and smell, 
and experience poor appetite, all of which is made worse 
by aerophagia while on NIPPV. Intensivists are reluctant 
to add another procedure just for placement of a feeding 
tube, especially one with the potential risk for aerosolization. 
Other concerns among providers caring for these patients on 
NIPVV is the fear of aspiration and the potential for a break 
on the seal of the bi-level positive airway pressure (BIPAP) 
mask that the feeding tube can cause. Any thought of adding 

supplemental PN to insufficient tube feeding is dampened by 
concern for worsening hypertriglyceridemia and hypergly-
cemia. These barriers to the delivery of nutritional therapy 
and its overall position in the imposing list of priorities lead 
to an end result of weight loss and increasing risk of refeed-
ing syndrome throughout hospitalization in the ICU (Fig. 3).

Key Difference: Unique Metabolic Response

The metabolic response to COVID-19 is unique, differing 
from every other model of stress response to injury that has 
been described previously in the past (Fig. 4a–d). Using 
serial measurements by indirect calorimetry, Wischmeyer 
has shown a pattern of prolonged hypermetabolic energy 
expenditure, essentially extending the acute and immediate 
post-acute phases of critical illness out 3 to 5 weeks [18•]. In  
this report, energy expenditure was shown to remain close 
to that which would be expected for normal resting energy 
expenditure (REE), at 95% of that predicted by the Harris 
Benedict equation, during the first week. After that point, 
the patients become hypermetabolic, averaging 124% the 
Harris Benedict predicted value in the second week and 
even higher at 143% for the third week of hospitalization 
in the ICU (Fig. 4a) [18•]. The late prolonged peak of this 
model is different from the Cuthbertson model of Ebb and 
Flow phase of injury (Fig. 4b) [19], the Systemic Inflam-
matory Response Syndrome (SIRS)/Compensatory Anti-
inflammatory Response Syndrome (CARS) model (Fig. 4c) 

Fig. 3  Prioritization of 
responsibilities in the complex 
management of the critically ill 
patient with COVID-19 disease. 
Legend: PPE personalized pro-
tective equipment, Rx therapy
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[20], and the Persistent Inflammation Catabolism Syndrome 
(PICS) (Fig. 4d) [20]. All three of these later models peak 
within 5 to 7 days before returning to normal baseline (Ebb/
Flow), being offset by the opposing hypometabolism (SIRS/
CARS) or failing to return completely to baseline over sev-
eral weeks of hospitalization (PICS).

The hyperinflammatory response during COVID-19 ill-
ness is a systemic phenomenon that leads to cytokine storm 
with elevation of systemic markers, such as C-reactive pro-
tein (CRP) and erythrocyte sedimentation rate (ESR). Evi-
dence that this systemic response is extended to individual 
organ systems is shown by elevation of myoglobin (mus-
cle), troponin (heart), and aspartate transaminase/alanine 
transaminase (liver). The extended period of hyperinflamma-
tion causes several metabolic derangements such as severe 
insulin resistance, volume overload, and hypernatremia 
secondary to insensible loss and osmotic diuresis. Patients 
typically get hypocalcemia, hyperkalemia or hypokalemia, 
hyperphosphatemia (secondary to muscle breakdown and 
mitochondrial failure), and hypertriglyceridemia [21, 22]. 
Due to the difficulties in providing nutritional therapy for 
these patients, their risk of refeeding syndrome may actually 
increase throughout their ICU stay. The net result of these 
metabolic derangements is severe deconditioning, immobi-
lization, and accelerated proteolysis of muscle mass.

Key Difference: Excessive Ventilatory 
Demands

The excessive ventilatory demands and the efforts needed 
to meet those demands may be the most prominent factor 
impeding delivery of nutritional therapy. In traditional criti-
cal care, use of early EN has been shown to reduce pneu-
monia and other infectious morbidity. In COVID-19 dis-
ease, however, the threat of aspiration from EN in a patient 
with little or no pulmonary reserve thwarts more aggressive 
efforts at providing nutritional support.

With the need to prevent intubation and placement on 
IMV, the use of proning has been increasingly emphasized 
in the management of the patient with COVID-19. Proning 
has been shown to improve ventilation, promote clearance 
of secretions, and reduce mortality [23]. The University of 
Louisville survey found that 18% of patients could sustain 
awake voluntary proning for only 4–6 h, 30% sustained for 

Fig. 4  Comparison of the metabolic response to injury in COVID-19 
disease (a) (figure adapted with permission from J Whittle et al. – ref-
erence 18) to previously described models: Cuthbertson Ebb/Flow (b) 
(figure reproduced with permission from JS Carson et  al. – reference 
[19]). SIRS/CARS (c) and PICS (d) (figures reproduced from B Mathias 
et al. – reference [20]). Legend: SIRS systemic inflammatory response 
syndrome, CARS compensatory anti-inflammatory response syndrome, 
PICS persistent inflammatory catabolism syndrome

▸
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more than 6 h, but the majority of patients (44%) were sim-
ply asked to attempt proning “as tolerated.” The nutritional 
therapy recommended for patients during awake voluntary 
pronating involves oral intake as tolerated in terms of small 
frequent meals or oral supplements through a straw. Feed-
ings are timed with rotation, such that the last intake occurs 
1 h before patients are placed in the prone position to reduce 
risk of aspiration. If patients fail to meet their requirements 
with oral intake, a nasogastric feeding tube is recommended 
after 5–7 days [9].

Once patients are intubated, sedated, and placed on 
mechanical ventilation, longer periods of proning can be 
utilized. The University of Louisville survey indicated that 
13% sustained proning for 7–12 h, while 58% tolerated up 
to 13–18 h. [9] The SCCM website guidelines for feeding 
in this situation recommended intragastric EN along with 
elevation of the head of the bed to 25° to reduce the risk 
of aspiration, facial edema, and intraabdominal hyperten-
sion. Given how cumbersome shifting of patients can be 
from the supine to the prone position and vice versa, tube 
feeding should be discontinued immediately before shift-
ing to avoid accidental dislodgment [24]. Typically, in 
practice, tube feeding is markedly reduced while proning 
such that patients arbitrarily receive only 25% of their goal 
feeding while prone, increasing to 100% of goal when they 
are placed back supine. Previous studies done prior to the 
COVID-19 pandemic would suggest that this practice is not 
necessary. A study by Reignier showed that use of a proning 
protocol, which consisted of a prophylactic prokinetic and 
elevation of the head of bed to 25°, resulted in an increase 
in tidal volume (TV) and greater rate of delivery of EN, 
with no increase in nausea, vomiting or ventilator-associated 
pneumonia (VAP) [25]. Another study by Sams showed no 
difference in aspiration while proning between gastric and 
postpyloric feeding [26]. Yet Reignier showed that providers 
were twice as likely to stop EN when non-COVID patients 
were in prone (82%) vs supine (49%) position, indicating a 
pre-existing bias that has most likely been carried over to 
the pandemic [27].

NIPPV with a BiPAP mask is typically used beforehand 
to prevent the need for intubation and placement on IMV, or 
afterward as a step-down measure 24–48 h post-extubation. 
Some providers believe NIPPV is a relative contraindica-
tion to EN, given the difficulty in maintaining a seal on the 
mask with a nasogastric tube in place. Subsequently, many 
of these patients are kept NPO [1•]. The University of Lou-
isville survey found that 39% of patients were kept nil per 
os (NPO), 28% received gastric feeding, 17% received post-
pyloric feeding, and only 5% received PN [9].

Extra-corporeal membrane oxygenation (ECMO) is used 
most often as a last resort after failure of mechanical ventila-
tion. There is a perception of increased risk of gastric feed-
ing because of delayed gastric emptying and risk of ischemic 

bowel. However, previous reports suggest that early use 
of EN for patients on ECMO has a better outcome with 
decreased mortality than delaying the initiation of EN [28, 
29]. With the use of paralytics and neuromuscular blockade, 
Ohbe showed that early vs delayed EN resulted in decreased 
hospital mortality and hospital length of stay (findings that 
may be explained by the fact that neuromuscular blockade 
affects only skeletal muscle and not the smooth muscle of 
the GI tract) [30].

Key Difference: Reluctance to Utilize 
Supplemental PN

The role of supplemental PN added to insufficient EN in 
traditional critical care has been limited in the past. Greater 
use of this strategy may be required in the COVID-19 pan-
demic due to the troublesome barriers in delivering EN. The 
ASPEN/SCCM 2016 guidelines stated that in traditional 
critical care, practitioners should consider adding supple-
mental PN only after 7–10 days if EN alone is insufficient 
(< 60% goal) regardless of the risk [2•]. The key issue with 
COVID-19 patients is that they often sustain prolonged inad-
equate nutritional support, and their disease course is not 
always predictable. Throughout the COVID-19 pandemic, 
there appeared to be a reluctance among critical care provid-
ers to add supplemental PN. In the past, PN was considered 
harmful and even described as “poisonous” when utilized 
in critical illness compared to use of EN [31]. For the past 
decade, intensivists have believed that trophic feeding or 
permissive underfeeding should be sufficient for critically ill 
patients with similar outcomes to full feeding [32]. During 
the COVID-19 pandemic, specifically, the requirement for 
so many intravenous medications and their infusion pumps 
resulted in the intensivists being reluctant to dedicate central 
access to the use of PN. Additional concern centered on the 
premise that use of supplemental PN would worsen glycemic 
control and hypertriglyceridemia.

But the strongest argument for failing to add supple-
mental PN to insufficient EN in critically ill patients with 
COVID-19 disease was the lack of evidence to date in 
the literature that such practice would have any benefit on 
patient outcomes (Table 1). Two trials were designed simply 
to evaluate the concept of supplemental PN. The EPaNIC 
trial showed that early vs late supplemental PN was associ-
ated with worsening morbidity including increased risk of 
infections and hospital length of stay [33]. The Heidegger 
Supplemental Parenteral Nutrition (SPN) trial showed 
reduced risk of nosocomial infections with supplemental 
PN; however, those infections cited were considered minor 
infections (skin, nose, etc.) and there was no difference in 
major infections such as pneumonia or bacteremia [34 ]. 
One trial was designed to evaluate “goal-directed therapy” 
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where requirements were measured by indirect calorimetry 
and supplemental PN was added to insufficient EN to meet 
those requirements. Results of this EAT-ICU trial showed 
no difference between the study group meeting therapeutic 
goals compared to controls on EN alone [35]. Three other 
trials reported on the value of supplemental PN through 
the lens of “tight calorie control,” where specific require-
ments were determined and supplemental PN similarly 
was added to EN to meet those requirements. The single 
center “pilot” TICACOS trial showed worse outcomes in 
the group receiving supplemental PN with an increase in 
duration of mechanical ventilation and hospital LOS, albeit 
a trend towards reduced mortality was seen compared to 
controls on “liberal” EN alone [36]. The other two trials, the 
“international” multicenter TICACOS trial and the TOP-UP 
trial [37, 38], showed no difference in outcomes between 
study patients and controls. While these trials were done in 
non-COVID-19 patients, experience with the pandemic has 
shown that the patients with COVID-19 disease are differ-
ent with a sustained hypermetabolic state and a prolonged 
increase in energy and protein requirements. As such, one 
might argue that any reluctance to add supplemental PN 
to continued inadequate EN should be reconsidered, as 
the alternative (which is the current practice of EN alone) 
appears to perpetuate deterioration of nutritional status.

Key Difference: Perceived Need 
for Micronutrient Supplementation

The use of empiric micronutrient supplementation is con-
troversial in traditional critical care. The increasing oxi-
dative stress of critical illness can deplete micronutrients 
involved in antioxidant defense even in patients whose 
levels were replete prior to injury (Fig. 5). [39] Outcome 
benefits are variable, doses have yet to be standardized, lit-
tle emphasis is placed on documenting deficiencies prior to 

supplementation, and recommendations from European and 
North American nutrition societies are discordant. Renewed 
interest on use of micronutrient supplementation arose early 
in the COVID-19 pandemic. Four specific micronutrients 
(zinc, selenium, vitamin D, and vitamin C) have been shown 
to have antioxidant, anti-inflammatory, and antiviral proper-
ties, which garnered attention for their potential role in pre-
venting, treating, or at least attenuating the disease process 
of COVID-19. While little data in the form of randomized 
controlled trials (RCTs) are available and formal recom-
mendations through societal guidelines are not yet feasible, 
nonrandomized observational trials suggest potential benefit 
from the provision of these four micronutrients.

Twenty-two RCTs have evaluated the use of Selenium 
vs placebo or other antioxidant micronutrients in non-
COVID-19 critically ill patients. A systematic review of 

Table 1  Impact of supplemental 
parenteral nutrition on clinical 
outcomes

a Used indirect calorimetry
b Weight-based equation

Full feeding group Underfeeding com-
parison group

Outcomes

Supplemental PN
EPaNIC Trial 2011 Early (100% day 7) Late (45% day 7) ↑ Infect, LOS, ↓ dschg alive
Heidegger Trial 2013 SPN (103%) a EN (77%) ↓”Other” infections
Goal-Directed
EAT-ICU Trial 2017 Goal (90.7%) a Std (56.2%) No difference
Tight Calorie Control
Pilot TICACOS 2011 Tight (105.5%) a Liberal (80.5%) ↑MV, ICU/Hosp LOS
Internat TICACOS 2020 Tight (89.4%) a Liberal (66.9%) No difference
TOP-UP Trial 2017 Top-Up (95%) b EN (69%) No difference

Fig. 5  Pattern of antioxidant micronutrients in response to metabolic 
stress (figure reproduced with permission from MM Berger – refer-
ence [39]). Legend: AOX antioxidant
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this data showed no difference in mortality or nosocomial 
infections [40]. Two observational trials, however, have been 
published evaluating the use of selenium in ICU patients 
with COVID-19 disease. One trial measured the content of 
selenium in patients’ hair, and showed that higher content at 
the onset of disease was associated with a higher cure rate 
[41]. A second trial examined blood levels of selenium in 
survivors vs non-survivors in COVID-19, and showed that 
those patients discharged home had higher levels of sele-
nium than those who died [42]. While the findings of these 
observational studies are provocative, the data are not suf-
ficient to formally recommend therapy.

A meta-analysis of zinc supplementation vs placebo in 
four small RCTs in non-COVID-19 patients with burns and 
trauma showed no benefit from this micronutrient in any 
of the outcome parameters measured (mortality, infections, 
length of stay, or symptoms) [43]. In COVID-19 patients, 
a prospective non-randomized cohort multicenter study of 
zinc supplementation showed an increased rate of being 
discharged home and a significant reduced risk of in-hos-
pital mortality compared to placebo. The zinc used in the 
study was combined with a zinc transporter, which was 
hydroxychloroquine [44]. In a separate study, the COVID-
19 A-to-Z Multicenter RCT compared ambulatory patients 
who received either zinc, vitamin C, or both, with an end-
point of a 50% reduction in symptoms. Results showed no 
benefit of either supplement in comparison to standard of 
care [45].

A plethora of data exists on the use of vitamin D in 
non-COVID ICU patients. One meta-analysis showed 
benefit from the use of vitamin D, while another meta-
analysis showed no benefit [46, 47]. The PETAL VIOLET 
double-blind RCT first documented low vitamin D levels, 
after which study patients received a single enteral dose of 
500,000 IU which subsequently was documented to nor-
malize levels. However, results showed no mortality benefit 
from use of vitamin D [48]. In COVID-19 patients, there 
have been seven observational trials, five of which showed 
a correlation between vitamin D levels and improved out-
come (the higher the level, the better the outcome) [49–55]. 
The PO Calciferol RCT evaluated hospitalized COVID-19 
patients to see whether receipt of oral vitamin D vs pla-
cebo would prevent subsequent transfer to the ICU. Results 
showed that 98% of those who received vitamin D did not 
require ICU admission vs 50% who received placebo [56]. 
Currently, the large VITDALIZE trial is still in phase III and 
41 trials are currently registered in clinicaltrials.gov looking 
at use of vitamin D in COVID-19 patients.

A large body of data exists on use of vitamin C in non-
COVID-19 patients, mainly because of the interest in HAT 
therapy (Hydrocortisone, Ascorbic Acid, and Thiamine) in 
critical illness. There are seven RCTs, three of which showed 
minor benefits in terms of decreased hours of vasopressor 

therapy, faster clearance of lactic acidosis, and more rapid 
improvement in Sequential Organ Failure Assessment 
(SOFA) score [57–63]. On the other hand, the large CIT-
RIS-ALI RCT in non-COVID patients showed better 28-day 
mortality, increased ICU-free days, and increased transfer 
out of the ICU by day 6 in patients who received vitamin C 
vs placebo [64]. However, the authors indicated the study 
did not show clear benefit from vitamin C due to the absence 
of positive effect on 43 out of 46 secondary outcomes. In 
COVID-19 patients, one RCT compared high dose vitamin 
C (24 gm I.V. daily) for a week versus placebo and showed 
no benefit in any of the outcome parameters (ventilator-free 
days, mortality, length of stay, and SOFA score) [65]. There 
are three large trials that are currently in progress.

Little consensus exists for the use of these micronutri-
ents in patients with COVID-19 disease. The SCCM/ASPEN 
joint guidelines and Australian Society of Parenteral and 
Enteral Nutrition (AUSPEN) were not able to make for-
mal recommendations based on the paucity of data in this 
population of patients [1•, 66]. The European Society for 
Clinical Nutrition and Metabolism (ESPEN) recommended 
providing the daily allowance of micronutrients only [67]. 
However, there is new consideration for use of vitamin D 
in COVID-19 patients who are hospitalized to attenuate 
the disease process enough to prevent transfer to the ICU 
because of results from the PO Calciferol trial [56]. The 
University of Louisville survey showed that vitamin C usage 
was reported in 42%, 45% reported vitamin D usage, 45% 
reported zinc usage, and melatonin usage was reported in 
16% [7]. At this point, it may be reasonable to check levels 
of zinc, vitamin D, and selenium (and replete if necessary). 
Appropriate doses to consider in COVID-19 patients would 
be 20–40 mg of elemental zinc, 3000–5000 IU of vitamin 
D daily or 50,000 IU weekly, and 250–500 μg daily of sele-
nium. Thiamine should be repleted empirically if there is 
suspicion for refeeding syndrome. No further recommenda-
tions for a COVID-19-specific antioxidant cocktail can be 
made until stronger data are available.

Conclusions

Bias, prejudices, and misconceptions carried over from tra-
ditional critical care impede effective nutritional support in 
this pandemic. Realistic fear of aspiration in patients with 
little or no pulmonary reserve, risk of bowel ischemia in 
conditions of hypercoagulation, and the real risk from the 
unpredictability of this disease process are all issues that 
need to be appropriately addressed. Identifying competent 
individuals for leadership, setting the tone for ICU manage-
ment, and establishing protocols are all necessary to improve 
the delivery of nutritional therapy in critically ill patients 
with COVID-19 disease.
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Medical centers should consider an institutional self-
evaluation to determine the culture, leadership, and expertise 
of their ICU Setting. As an institution, a baseline strategy 
for better delivery of nutritional therapy comes down to two 
choices. One choice would be a base strategy of early initia-
tion of small bowel feeding, where every COVID-19 patient 
undergoes placement of a post-pyloric feeding tube using a 
GPS-guided or optically guided enteral access device. Once 
access is secured, the small bowel feeding should be infused 
at the same rate whether the patient is in the prone or supine 
position (Fig. 6a). The other strategy would be to start oral 
diet or gastric feeding in all COVID-19 patients and consider 
adding supplemental PN within 2 days of admission to the 
ICU if requirements are not met (Fig. 6b) [68]. It is reason-
able to use a low rate of infusion of EN with proning or while 
patients are on NIPPV per the intensivist, as long as the early 
supplemental PN can make up the difference. The University 
of Louisville Survey showed that the majority (58%) of criti-
cally ill patients with COVID-19 disease got less than 60% of 
goal energy and protein requirements throughout hospitaliza-
tion in the ICU [7]. The key issue is that prolonged attempts 
at gastric feeding alone lead to dramatic underfeeding and 
unacceptable deterioration of nutritional status. 

There are noguarantees for the patient who survives 
COVID-19 that an optimal conditionexists at time of dis-
charge. The goal should not be limited simply to sending 
thesepatients out of the ICU and hospital to their homes, 
as several studies have shownthat only 12.6% patients were 
symptom-free and 44.1% had worsened quality oflife after 
discharge [69, 70]. Up to 67%of patients develop post-extu-
bation dysphagia and EN is needed in addition to oralintake 
in 24% of patients after discharge [71] Up to20% of patients 
develop Post-Traumatic Stress Disorder (PTSD) because of 
theirexperience in the ICU, and there is always a concern 
that patients might failto resolve the initial infection or rarely 
that they might get re-infected and haveto go back in to the 
hospital and the ICU [71].

In summary, COVID-19 is truly a unique disease process, 
with prolongation of the hypermetabolic hyperinflammatory 
phase of critical illness. The constraints of this disease cre-
ate considerable barriers to nutritional therapy. Beliefs and 
prejudices regarding the need for aggressive EN and earlier 
use of supplemental PN must be re-addressed. This pan-
demic has raised new challenges, and institutions will need 
either re-acquire the skill set for sufficient delivery of EN 
or re-define the role of supplemental PN in critical illness.
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