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s u m m a r y

Micronutrients (MN), i.e. trace elements and vitamins, are essential components of the diet in relatively
small amounts in any form of nutrition, with special needs in critically ill patients.

Critical illness is characterised by the presence of inflammation and oxidative stress. MNs are
tightly involved in antioxidant and immune defences. In addition, some conditions, and treatments
result in large losses of biological fluids containing MNs: therefore, acute renal injury requiring renal
replacement therapy, acute intestinal failure, and major burns and trauma are at high risk of acute
depletion of body stores, and of deficiency. MN requirements are increased above standard DRI.
Blood level interpretation is complicated by inflammation: some biomarkers assist the status
determination.

Due to the acute challenges of critical illness, it of utmost importance to cover the needs to maintain
the organism's endogenous immune and antioxidant defences, and capacity to repair tissues. Practical
strategies are proposed.
© 2024 The Authors. 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/).
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Abbreviations

AKI acute kidney injury
CRRT continuous renal replacement therapy
CRP C-reactive protein
DRI Daily recommended intakes
ESICM European Society of Intensive Care medicine
ESPEN European Society for Clinical Nutrition &

Metabolism
FREM Feeding, Rehabilitation, Endocrinology &

Metabolism section
HF heart failure
IF intestinal failure
LLL Life Long Learning (ESPEN educational program)
LVEF left ventricular ejection fraction
MN Micronutrient
RCT randomized controlled trial

Learning objectives

� To become aware about specific micronutrients (MN) and

health issues associated with critical illness.

� To be able to identify and interpret the causes and di-

agnoses of low blood levels.

� To know the MN that might need monitoring in acutely ill

patients

� To develop awareness about the mechanisms underpin-

ning increased MN requirements in selected diseases

� To be able to identify the pathologies and conditions at

risk of insufficient status and know how to handle it.

� To address the risks and management of refeeding

syndrome.

Key messages

� Micronutrient (MN) status assessment is complicated in

critic ally ill patients by the nearly systematic presence of

inflammation which causes redistribution of MNs from

the circulating compartment, without necessarily reflect-

ing deficiency.

� Suboptimal MN status or deficiency are frequent critically

ill patients due to diseases itself, or to the treatments that

are required.

� Conditions at highest risk of deficiency are those with

acute losses of MNs from biological fluids: acute renal

injury requiring renal replacement therapy, acute intesti-

nal failure, and major burns and trauma.

� MNs are major determinants of antioxidant defences

(especially ascorbic acid, selenium, vitamin D), and

therefore require special attention.

� As MNs work as a web, multiple MN complementation is

a physiological approach, while single MN administration

should be used only in proven deficiency.
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1. Introduction

Micronutrient (MN) data remain sparse in patients with acute
conditions requiring urgent medical care, eventually hospital-
isation, and even intensive care (ICU) admission. This is primarily
due to a lack of awareness about the clinical relevance of MN and
limited availability of blood analytics for status determination. This
absence was reflected by the answers to a survey conducted by the
ESICM-FREM section confirming that MN diagnostics were limited,
and that there was no systematic organisation of their monitoring
[1]. However MN deficiencies and inadequacies are frequent, and
affect the full range of MNs, contributing to poor outcome [2].
Abnormalities of blood levels of e.g. zinc are commonly observed
especially in presence of an inflammatory response, but association
with outcomes remain inconclusive due to low number of labora-
tory results, as shown by a large observational study investigating
Mg, P, and zinc [3]. One challenge in the adoption of MN status
markers for clinical management lies with their difficult interpre-
tation that can be confounded by the level of inflammation at the
time of the blood sampling [4].

In acute medical and surgical conditions, some degree of
inflammation is generally present, being generally intense in crit-
ical illness. Inflammation complicates the assessment of the blood
levels. Using the surrogate C-reactive protein (CRP) as an indicator
of its intensity, low levels for most MNs have been shown to occur
as a result of the cytokine-mediated redistribution from the
circulating compartment to other organs [5]. Low blood levels
therefore do not necessarily reflect a deficiency [4], despite being
oftenmisclassified as such [6]. The effects of inflammation on blood
levels in response to acute injury or infection is manifests within
hours but may also be prolonged in chronic illness.

New standards have been set with the 2022 MN-guideline
regarding the wording to be used to describe the patient's status
[4]: it is stressed that the diagnosis of deficiency requires

1) Evidence of objective loss (or insufficient MN intakee), AND
2) the presence of clinical signs or symptoms OR Blood/plasma

concentrations below reference range together with metabolic
effects of inadequacy.

In presence of acute losses (such as exudative losses in burns or
high output intestinal fistulae), the word “depletion” applies as
there has been no time to develop clinical consequences and signs
that require several weeks to manifest.

The present LLL course (44.4) will address conditions for which
major MN status alterations have been shown. Table 1 serves for
diagnostic orientation regarding the likeliness of MN deficit or
deficiency in the conditions that are presented.

For each disease category, “practical considerations” are pro-
vided. They do not have the force of recommendations as there is
no hard evidence supporting them: they are based on observational
studies and practical clinical expertise of the authors (all being
members of the ESPEN MN-special interest group).
2. Refeeding syndrome

The transition from fasting to eating is a physiological process
that often goes unnoticed until it malfunctions. During fasting,
energy is initially supplied by glycogen mobilisation, followed by
muscle protein breakdown, and subsequently by lipolysis, which
produces free fatty acids used as direct fuel or converted into ke-
tone bodies in the liver [7]. Energy production from fatty acids and
ketones requires less phosphate and no thiamine (B1) compared



Table 1
Risk factors for MN depletion or deficiency in different conditions according to the presence of prior malnutrition, active biological fluid losses [4], and inflammation, with the
MNs most frequently affected.

Disease Malnutrition on
admission

Biological
fluid losses

Level of Inflammation Likeliness of status alteration MN at highest risk

AKI on CKD with
conservative treatment

often no moderate Deficiencies in case of
prior malnutrition

B1, B6, B9, K, D, Cu, Se, Zn

AKI with CRRT no Yes (effluent) moderate Acute depletion frequent B1, B3, Cu, Se,
Sepsis e septic shock no no intense Vit.C may be consumed

and depleted
B1, B12, C, D, Fe, Se, Zn

Cardiac failure often no moderate Deficiencies are frequent B1, B2, B3, B6, B9, D, Cu,
Se, Fe, CoQ10

Cardiac surgery no minimal moderate No Se, Zn
Major trauma & soft

tissue injury
no Yes (drains) moderate to intense Acute depletion frequent C, E, Se, Zn

Refeeding syndrome Chronic or acute no Depends on
accompanying disease

Depletion and deficit frequent B1 (all B)

Acute intestinal failure no Yes (fistulae,
diarrhoea)

elevated Acute depletion frequent Zn

Viral infections Variable no intense In case of prior malnutrition C, D, Se, Zn
Major burns no Yes (exudates) intense Acute depletion frequent C, D, Cu, Se, Zn

Abbreviations: AKI ¼ acute kidney injury, CKD ¼ chronic kidney disease, CRRT ¼ continuous renal replacement therapy.
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with glucose phosphorylation. Consequently, serum phosphate,
potassium, and thiamine levels remain stable during fasting, even
with low intake and depletion of bodily stores, including diuretic
effects caused by ketone bodies.

When nutrition begins, insulin not only transports glucose but
also moves potassium intracellularly (Fig. 1). Glucose oxidation
increases the demand for thiamine and phosphate. Thiamine is
crucial for branched-chain amino acid oxidation. Untreated hypo-
kalemia, hypophosphatemia, acute thiamine deficiency, along with
hypomagnesemia and sodium overload, can lead to fatal arrhyth-
mias, muscleweakness, andwet beriberi, manifesting as congestive
heart failure, lactic acidosis, and acute abdominal symptoms [8].
This dramatic clinical scenario is often overlooked, especially in
acute conditions.

Refeeding syndrome was first observed in the Burgundian
famine in 1033 and more recently during the Dutch hunger winter
[9]. Surprisingly, it can also arise under expert nutrition manage-
ment and monitoring. A post-hoc analysis of the Swiss EFFORT trial
was recently conducted [10,11]: the combination of oral nutrition
support and expert dietitian follow-up not only improved protein
and energy intake but also reduced morbidity and mortality in
acutely ill patients, but refeeding syndrome may have occurred in
some patients of the intervention group. Notably, the NRS2002-
score, introduced 20 years ago by ESPEN [4], proved to be an
excellent predictor of refeeding risk. Subsequently, the authors
provided a concise overview of measures to prevent and manage
Fig. 1. Pathophysiology of the refeeding syndrome (mitochondrial
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refeeding syndrome, including dynamic strategies for multi-
micronutrient, potassium, phosphate, and magnesium supple-
mentation, strict fluid management, and nutrient restriction [7].

In critical illness, hypophosphatemia is common, especially
shortly after ICU admission [12]. The timing and necessity of cor-
recting this hypophosphatemia remain uncertain, as indicated by a
recent ESICM-FREM section review [13]. European guidelines
strongly recommend a temporary reduction in nutritional intake
(<500 kcal/day for 48 h) when hypophosphatemia occurs [14]. This
recommendation primarily stems from the ‘Refeeding-RCT,’ where
nutrient restriction in patients with absolute hypophosphatemia
(<0.65 mmol/L) and relative hypophosphatemia (delta
>0.16 mmol/L) led to improved survival, although phosphate levels
were promptly corrected with equivalent amounts of phosphate in
both study groups [15]. The non-hypophosphatemic patients were
not included in the study which makes it challenging to ascertain
the specificity of this effect to patients with hypophosphatemia.
However, a post-hoc observational study by Van Zanten et al.
confirmed that nutrient restriction was associated with improved
outcomes in hypophosphatemic patients. Moreover, no such rela-
tionship was observed in patients with normal phosphate levels
[16]. Furthermore, admission characteristics could not predict pa-
tients at risk. Whether these observations should be labelled as
‘refeeding syndrome’ remains debatable. Transient hypo-
phosphatemia may be more of a marker for ‘unpreparedness for
early enhanced feeding.’ This hypothesis needs confirmation
compartment not shown). In red the clinical manifestations.
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through a prospective RCT. The current practices for phosphate
monitoring and preventive MN provision in European ICUs vary
significantly, potentially leading to the oversight of early hypo-
phosphatemia [1,3].

In conclusion, while the physiology of refeeding in the ICU,
hospital, and beyond is still not fully understood, rigorous moni-
toring and management of MNs, nutrition dosages, and phosphate
levels can be lifesaving.

Practical considerations: Table 2 provides the basics of treat-
ment [8]: daily monitoring of blood phosphate belongs to good
practice, and enables detecting, whatever the cause, the develop-
ment of hypophosphatemia, and adapting the nutrition strategy,
and repletion doses required to maintain homeostasis. Note that a
glucose 5% infusion can be sufficient to trigger hypophosphatemia.

3. Cardiac failure and cardiac surgery

3.1. Cardiac failure

The heart is an organ exposed to a tremendous and prolonged
intense activity over lifespan. It is directly affected by malnutrition
[17]. With the kidney, heart is the organ with the highest energy
consumption per gram of tissue (before brain and liver) [18]. This
implies an intense mitochondrial activity and high metabolic level,
that generate a massive oxidative stress that required adequate MN
Table 2
Diagnosis and treatment of refeeding hypophosphatemia in critical illness.

Diagnosis of refeeding hypophosphatemia

Risk Factors Typical baseline characteristics, such as
low BMI, low intake, or severity of illness
or refeeding scores for outpatients and
general ward patients, do not predict the
emergence of refeeding
hypophosphatemia in the ICU.

Monitoring Measure serum phosphate once or twice
daily for 3e5 days post-ICU admission or
at least 72 h after nutrition therapy
initiation.

Definition nutrition therapy Nutrition therapy considers Oral, Enteral
or Parenteral Nutrition and non-
intentional energy (kcals), e.g., glucose/
dextrose, propofol, and citrate.

Treatment initiation criteria If serum phosphate drops below
0.65 mmoL/l (or delta >0.16 mmoL/l)
within 72 h of nutrition therapy
commencement.

Treatment of refeeding hypophosphatemia
Energy restriction Reduce to 500 kcal/24 h or 25% of

individual targeted full energy target for
48 h.

Protein intake reduction Limit to less than 25% of individual
targeted full protein target during the
caloric reduction phase.

Electrolyte Supplementation Correct hypophosphatemia,
hypokalaemia, and hypomagnesemia
until normal ranges are achieved.

Thiamine supplementation Provide thiamine (vitamin B1)
supplements for several days: 100
e300 mg/day.

Micronutrient administration Consider administration of IV or oral/
enteral multivitamins and trace element
complements (those used for PN) to reach
the DRI until a daily energy intake of
1500 kcal of total oral/enteral nutritional
intake has been achieved.

Gradual progression After this energy restriction phase (48 h),
gradually progress energy and protein
intake to the full target, e.g., in daily steps
of 25% per day until the full target has
been reached.
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levels for efficient control. This implies the necessity for provision
of the complete range of micronutrients. The vitamin B family is
essential for carbohydrate and amino acid aerobic metabolism and
adenosine triphosphate (ATP) production [19]. The selenoenzyme
glutathione peroxidase belongs to the intra- and extracellular first
line antioxidant defence, and thus requires an adequate provision
of selenium ensured [20,21]. Vitamin C has pleiotropic effects
affecting several cardiovascular processes. Considering the impact
of MNs on the mitochondrial energy production, deficiency diag-
nosis and correction should be integrated as an additional factor in
the heart failure (HF) equation; Bomer et al. [22] suggested “moving
our view of the failing myocardium away from an engine out of fuel
to a defective engine on a path to self-destruction.”

Chronic HF affects approximately 10% of old adults >80 years
and is aggravated by MN deficiencies [19,23]. The non-
pharmacological management of the condition includes MNs [24].
Selective selenium and thiamine deficienciesmay directly cause HF,
while vitamins C and E and beta-carotene, are antioxidants that
have a protective effect on the vasculature. Vitamins B6, B12 and
folate deficiency results in increasing levels of homocysteine as
they are required for its transformation into methionine: the high
levels are associated with increased oxidative stress. A RCT testing a
9 month intervention with a cocktail (calcium, magnesium, zinc,
copper, selenium, vitamin A, thiamine, riboflavin, vitamin B6,
folate, vitamin B12, vitamins C, E, and D, and CoQ10) versus placebo
[25], showed in that the intervention reduced the left ventricular
volumes [�13.1 (17.1)% vs.þ3.8 (10.0)%; P < 0.05] and increased left
ventricular ejection fraction (LVEF) by 5.3%, improving quality of
life. Recently the importance of iron deficiency has been stressed, as
it affects over 50% of patients with chronic HF and is associatedwith
worsening of clinical evolution [26]. Furthermore, a meta-analysis
on in six cardiac trials (n ¼ 246) showed that vitamin C increased
LVEF on average by 12.0% (95% CI 8.1e15.9%; P < 0.001). In six non-
cardiac trials (n¼ 177), vitamin C increased LVEF on average by 5.3%
(95% CI 2.0e8.5%; P ¼ 0.001) [27].

A meta-analysis including 884 RCTs evaluating 27 types of
micronutrients and n3-PUFA among 883,627 participants
(4,895,544 person-years) showed that supplementation of some
but not all MNs may benefit cardiometabolic health. The study
highlights the importance of micronutrient diversity and the
balance of benefits and risks to promote and maintain cardiovas-
cular health in diverse populations [28].

Micronutrient deficiencies may finally contribute to cardiac ar-
rest, but data in this situation are few. A pilot trial testing thiamine
3 � 100 mg/day after cardiac arrest was negative [29].

Practical consideration: in patients with cardiac failure, the
potential for MN deficiencies should be addressed, searching for
global or specific MN malnutrition. The MNs at highest risk of
deficiency are iron, selenium, the vitamin B family, vitamins C and
D, and deficits, are present in up to 50% of patients. Deficiencies
should be corrected. A pragmatic approached would be to provide
multi-MN complements including iron, despite the European and
American Societies not yet recommending more than iron admin-
istration [22], because of limited trial evidence [30]. The in-
terventions should not be based on single MNs but on a multi-
modal complementation.

3.2. Cardiac surgery

Different attempts have been made at addressing the additional
oxidative stress represented by the surgery. A meta-analysis
including 15 trials and 2050 cardiac surgery patients showed that
vitamin C might prevent post-operative atrial fibrillation and
shorten the duration of hospital stay and ICU stay [31]. In a meta-
analysis of seven RCTs, it was shown that intravenous
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administration of vitamin C (1e16 g/day) decreased cardiac
troponin levels in periprocedural myocardial injury [32]. A RCT
testing a 5-daymulti-MN cocktail (Se 270mcg, Zn 30mg, Vit C 1.1 g,
Vit B1 100 mg) in high risk patients, was associated with a faster
resolution of the inflammation response (measured by CRP) but no
other clinical improvement [33]. Despite data indicating alteration
of selenium status being associated with higher oxidative stress
and more organ failures in cardiac surgery [34,35], high dose
perioperative selenium intervention has been disappointing with
only amodest reduction of postoperative vasopressor requirements
[36]. A meta-analysis including seven RCTs with low risk of bias
including 2521 patients (65% males) showed no noticeable differ-
ences between high dose single selenium and control groups [37].
The most recent selenium RCT (1416 cardiac surgery patients)
showed no significant benefit from perioperative administration of
high-dose IV sodium selenite (2000 mg followed by 1000 mg for 10
days) [38]. A RCT testing the preop and postoperative administra-
tion of a combination of vitamin E (1200 IU then 200IU) and zinc
(120 mg then 30 mg) for 3 weeks showed a faster reduction of the
inflammatory response and of the oxidative stress (reflected by
MDA): a significant reduction of hospital LOS was observed [39].

Prevention of AKI after cardiac surgery is an important issue.
Niacin (Vitamin B3) is a precursor of Nicotinamide Adenine Dinu-
cleotide (NAD), which is central to energy metabolism. Impaired
NADþ-biosynthesis has been associated with ischemic AKI after
major cardiovascular surgeries [40]. At current, a large RCT in car-
diac surgery patients is investigating whether niacin supplements
can reduce renal damage (NCT04750616).

Practically, Multi-MN, i.e. diversity with moderate MN doses,
might be the correct strategy as shown by Witte et al. [25].

4. Sepsis

Sepsis is defined as a life-threatening organ dysfunction due to
dysregulated host response to infection, which is reflected by an
increasing Sequential Organ Failure Assessment (SOFA) score �2
points [41]. Septic shock occurs in a subset of patients with sepsis
and comprises an underlying circulatory and cellular/metabolic
abnormality that is associated with increased mortality. Septic
shock is defined by persisting hypotension requiring vasopressors
to maintain a mean arterial pressure of 65 mmHg or higher and a
serum lactate level greater than 2 mmol/L (18 mg/dL) despite
adequate volume resuscitation.

This condition is characterised by an intense inflammation and
major acute phase response due to the associated surge of che-
mokines. Low to very lowMN blood levels are a constant finding in
sepsis and septic shock. Numerous publications have shown
reduced circulating levels of all MNs during sepsis, except for
copper levels that [4], the recent COVID-19 being one more
example of low blood levels [42]. In most patients there are no
biological fluid losses, hence no real MN deficiency [4]. The fact that
infection and inflammation can lead to the misclassification of the
patients in terms of trace element status was shown long ago in
children [43].

Forceville et al. showed that the selenium levels decreased
proportionally to the severity of sepsis and septic shock, i.e. of
inflammation [44]. Knowing the importance of selenium in the
antioxidant defences [45], and the evidence of increased oxidative
stress andmitochondrial dysfunction in sepsis [46], a series of trials
attempted to raise selenium status and linked antioxidant defences
using high dose selenium. While some studies suggest a reduction
of mortality the lack of effect has been confirmed in the latestmeta-
analysis including 24 RCTs [47].

Ascorbic acid levels are profoundly depressed in critically ill
patients [48], and especially in sepsis. A dose finding RCT showed
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that doses of 50 mg/kg/4 times per day were required to normalise
the levels in septic patients [49]. Numerous trials have been con-
ducted after the study by Marik et al. who combined Vitamin C,
Thiamine and Hydrocortisone for the Treatment of septic shock
[50]: subsequent trials have been disappointing, except for one trial
testing high dose ascorbic acid alone [51] showed mortality
reduction. A series of other MNs have also been tested, mainly vi-
tamins A, C, D and E, and zinc [52]. Several trials have tested high
dose vitamin D, a MN with low status associating with ICU mor-
tality, but with no clear result [53], possibly explained by hetero-
geneity of the populations.

In summary, the above attempts to treat septic shock with high
dose monotherapy MNs are not nutritional interventions but
pharmaco-nutrition. High-dose monotherapy is non-physiological.
Furthermore, MNs are likely to generate their actions on immune
system and tissue healing via a complex web of interactions
exceeding the reductionism of a high-dose monotherapy.

Practical considerations: Prevention and correction of de-
ficiencies should be undertaken, but at this stage no complement or
supplement can be recommended, while careful attention should
be given to cover the basal requirements. Doses of 2e3 g/day of
intravenous vitamin C have been shown to normalise blood levels
and to be safe [54].

5. Acute renal failure & renal replacement therapy

The incidence of acute kidney injury (AKI) in the ICU has
increased during the past decades due to increased severity of
illness as well as its better recognition using the KDIGO criteria: it is
now recognized as a heterogeneous syndrome that affects acute
morbidity andmortality, but also the long-term prognosis [55]. The
incidence of AKI ranges from 20 to 50% with lower and higher
incidence seen in elective surgical and sepsis patients respectively
[56,57].

Continuous renal replacement therapy (CRRT) is being used
more frequently in the ICU, due to its better hemodynamic toler-
ance [58]. CRRT has both direct and indirect impacts on nutritional
status beyond the desired removal of toxic elements. Balance
studies have been conducted and have shown continuous losses
and negative balances of water-soluble MNs such as copper, sele-
nium, zinc, vitamins C and thiamine [59,60].

In addition to the impact of inflammation resulting in MN
redistribution, other mechanisms are responsible for changes in
blood MN levels such as changes in absorption and extraction,
increased utilization, and alterations in protein binding (increase/
reduction of MN transport proteins) [61]. Important dietary com-
ponents encompassing micronutrients, are lost during CRRT,
because they are removed or adsorbed on the extra-corporeal cir-
cuit. Retrospective studies of critical ill patients have shown that
low blood levels of at least one MN was present in 80e90% of those
who required CRRT [62,63]. The ESICM-AKI section members con-
ducted a scoping review of 35 publications [61], and showed that
during CRRT, losses of several MN and amino acids are associated
with low blood levels with a real risk of deficiency for vitamins B1
and C, copper, and selenium.

Osterman et al. conducted a prospective study including 33
critically ill patients with AKI who required (n ¼ 24) or not CRRT
[64]. The serial plasma concentrations of vitamins and trace ele-
ments were measured for six consecutive days. All trace elements,
vitamin C, and folate were detected in the effluent fluid. The plasma
levels of zinc, iron, selenium, vitamin D, and vitamin C were below
the reference range. However, the low plasma values were
observed irrespective of CRRT.

A prospective observational study including 50 critically ill pa-
tients with AKI [65], assessed blood levels of several vitamins and



Fig. 2. Prevalence of micronutrient deficiencies in 178 paediatric patients transitioning
from prolonged PN to full enteral nutrition. During transition 42.5% of patients had at
least one vitamin deficiency, 25% had at least one mineral deficiency, and 27.5% had
multiple MN deficiencies. Most common MN status threats were of iron, copper, and
fat-soluble vitamins during both periods (adapted from Ubesie et al. [74]) (same figure
as Fig. 1 in Module 44-3).
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trace elements before, during, and after CRRT. The blood concen-
trations of vitamin C, selenium, and zinc were below normal range
at the beginning of the study. CRRT resulted in a significant addi-
tional reduction in vitamin C, selenium, and zinc levels.

The IVOIRE study, a RCT focusing on patients with septic shock
and AKI requiring CRRT [66], compared different treatment rates
(n ¼ 17 and n ¼ 13 patients with rates of 70 and 35 ml/kg/h,
respectively). At the initiation of RRT, the serum levels of both
Vitamin A and Vitamin C were below the normal range in 28 (93%)
and 30 (100%) patients, respectively. By day 4, the Vitamin A levels
had nearly normalized, whereas the Vitamin C levels remained low
throughout the entire study period. Furthermore, there was a sta-
tistically significant decrease in Vitamin C levels between day 0 and
day 4. The dose of CRRT did not have any impact on the blood levels
of those MNs.

A study showed that such losses could be attenuated (copper,
zinc, folic acid) by the use of refiltering technique compared to
high-volume hemofiltration [67].

Practical considerations: there is yet no hard recommendation
as to how to address the MN status threats in CRRT. Experts advise
to determine blood levels (Cu, Se, B vitamins) in case of prolonged
CRRT beyond 2 weeks, and to correct deficiencies based on blood
levels [14,61,68]. Some centres have started administering one vial
of the PN multi-MN products (trace element and vitamins) per day
as soon as the CRRT lasts > one week. This strategy per day is under
investigation.

6. Acute intestinal failure

Intestinal failure is defined as “the reduction of gut function
below the minimum necessary for the absorption of macronutri-
ents and/or water and electrolytes, such that intravenous supple-
mentation is required to maintain health and/or growth [69]. For
Chronic Intestinal Failure (CIF) [70], please see LLL- 44-3.

In the critically ill patients, acute IF is frequently observed and
generally transient, with limited MN issues. Acute intestinal failure
(IF) can be both the cause, and the consequence of critical illness.
Intestinal hypoperfusion, perforation, mechanical obstruction, or
ileus (due to major surgery, medication, or toxins) are most com-
mon causes. Graft versus host disease, infections (cytomegalovirus
or pseudomembranous colitis), auto-immune reactions in the
context of immune therapy are less common and more difficult to
recognise. The Gastrointestinal Dysfunction Score (GIDS) should be
used to define IF based on clinical signs [71].

The obvious consequence of IF for micronutrient management is
the risk for insufficient intestinal absorption (due to temporary
restriction of enteral nutrition doses) and inadequate absorption
due to gastric dysfunction (folate & vitamin B 12), ileal resection or
increased losses in bile fistula or diarrhoea [72].

Literature on MNmanagement in IF is scarce with few RCTs, but
ESPEN recommendations are straightforward and concise “All
micronutrients and electrolytes should be administered from the
beginning of nutritional therapy” [73].

In patients presenting with acute on chronic intestinal failure
who may have received parenteral nutrition for a longer period of
time, deficiency should be suspected affecting B2, B7, B9, B12, A, D,
E, K, Cu, Fe, Zn, Carnitine and chromium [4]. A liberal administra-
tion of PN doses of MNs is advocated.

Also, the recovery of IF and transition to enteral nutrition con-
stitutes a vulnerable phase for development of micronutrient
deficiency, as revealed in a prospective paediatric cohort study
(Fig. 2). A retrospective study in 178 patients with IF in transition to
enteral nutrition, i.e. receiving between 20% and 100% of estimated
nutrition needs, showed multiple low blood levels of MNs, called
deficiencies, affecting principally iron, B12 and vitamin D: the study
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showed the need for routine monitoring and supplementation
during this critical transition phase [74]: Of note, inflammationwas
not assessed (no CRP value was reported), and MN blood values
inferior to reference levels were qualified as deficiency which ac-
cording to our criteria is uncertain but possible. After successful
transition the prevalence of low levels decreased. The transition
period requires special attention.

Practical consideration: As critically ill patients often present
undiagnosed low to very low blood MN levels, with a transient low
intake of MNs which remains below the DRI during the phase of
nutritional introduction and progression, a pragmatic strategy
consisting in the delivery of multi-micronutrient preparations
(doses used for parenteral nutrition) during the first days in the ICU
is recommended by an expert group of intensivists and is applied in
their ICUs [75].
7. Viral infections: SARS-CoV-2 and other viruses

Micronutrients are involved in the continuous progression of
the host's immune responses to the virus (Figs. 3 and 4) [76e78].
For a detailed review of the potential immune alterations linked
with deficiencies, please see Gombart et al. [79]. The primary de-
fences against the virus are the physical and biochemical barriers of
the respiratory tract. Normal epithelial differentiation and growth
in these barriers are dependent on adequate levels of vitamin A and
Fe [80]. Vitamins A, C, D, and Zinc regulate the fluidity of cell
membranes, maintain their integrity, facilitate communication
through gap junctions, and promote membrane repair [81e83].
Vitamin E helps reduce/lessen the breakdown of membrane lipids
caused by reactive oxygen species [80]. Vitamins A, D, C, as well as
the trace elements zinc, iron, copper, and selenium, play a role in
regulating the activities of antimicrobial peptides bound to the cell
membrane and the microbiota associated with the mucosal sur-
faces [84,85]. The movement of the mucosa and the control of
immune cell functions also coordinate with the integrated path-
ways of vitamins B6, B9, and B12 [84,86]. Vitamins A, C, D, zinc, iron,



Fig. 3. Four micronutrients (vitamin C, vitamin D, zinc, and selenium) have been shown to be particularly involved in the immune defenses. The figure shows the immunomo-
dulating actions, and the proposed beneficial mechanism in the pathogenicity of COVID-19: reproduced with permission from [77].
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copper, and selenium regulate the production of interferons (IFNs)
[87,88]. As a result, vitamins A, C, D, E, B6, B12, and folate, along
with the trace elements zinc, iron, copper, selenium, as well as the
mineral magnesium, constitute a set of nutrients that help enhance
the overall range of immune responses between viruses and hosts.

The Coronavirus Disease-2019 (COVID-19) is an infection caused
by the coronavirus SARS-CoV-2, which is an enveloped, positive
single-strand RNA virus [89]. The typical progression of symptoms
includes mild upper respiratory tract symptoms that can develop
into non-life-threatening pneumonia and in the worst cases prog-
ress to acute respiratory distress syndrome (ARDS), requiring
advanced life support [90]. Blood levels of Zn below reference
ranges have been shown to be associated with an insufficient
immunoglobulin production (IgA and IgA) in an otherwise healthy
population [91].

The COVID-19 pandemic was not the first episode showing the
interrelation between nutrition and MN status and virus virulence.
In 1999, Beck et al. pointed to the importance of selenium and host
defence against viruses [92]. In 2001 the same authors demon-
strated in an animal model how Coxsackie-B3 virus could become
virulent in selenium deficient mice, by reducing their endogenous
antioxidant defences reflected by lowglutathione peroxidase (GPX)
[93], and against influenza [94].

Practical consideration: there is no MN treatment for respira-
tory viral diseases except zinc for common cold [95], but zinc
deficiency prior to disease has been shown to be frequent and re-
duces immune defence [91]. Covering the basal needs is particu-
larly important for maintenance of immunity.
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8. Major burns, trauma, and soft tissue injuries

Extensive injuries, whether in the form of major burns, major
trauma, extensive soft tissue destruction such in necrotizing fas-
ciitis, or open abdomen are a specific category of critically ill pa-
tients. They are characterised by a destruction of the skin barrier on
a variable surface of the body surface area (BSA), associated with
biological fluid losses in major burns affecting >20%BSA. Data
remain sparse, mostly coming from major burns and trauma with
some balance studies.

8.1. Major burns

In major burns, large exudative losses that contain the trace
elements copper, selenium and zinc [96] have been shown to cause
acute depletion that results from the specific losses contributes to
alterations of immunity and metabolism. The patients are charac-
terised by an intense oxidative stress and massive inflammatory
response [97]. As shown by randomised trials, the intravenous
administration of doses of trace elements that compensates for the
losses (i.e. repletion) is associated with significant clinical benefits
in terms of improved immunity, attenuation of oxidative stress and
inflammation, reduced infectious complications, and better wound
healing [98e100]. Other complementation studies have been
beneficial as confirmed by a meta-analysis including 8 studies (four
RCT and four non-RCT) enrolling a total of 398 patients [101].

Practical considerations: in major burn patients, MNs should
be provided intravenously from admission doses corresponding at



Fig. 4. Protective actions against COVID-19 using vitamin C, vitamin E, zinc, selenium,
and omega-3 fatty acids: reproduced with permission from [78].
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least to the daily PN doses for 7e30 days, the duration depending
on burn size. Whenever possible, daily intravenous copper 3,5 mg,
selenium 400 mg and zinc 35 mg repletion doses should be pro-
vided for the same duration in addition to DRI [102], a strategy
which is recommended by the dedicated ESPEN guidelines [103],
and whose benefits are confirmed in meta-analysis [101].

8.2. Major trauma

In major trauma, the fluid losses are less important, mainly
resulting from bleeding from various drains [104]. The patients are
characterized by an intense oxidative stress [33,105]. In this con-
dition, selenium homeostasis is particularly challenged even
affecting Triiodothyronine activation by the type I iodothyronine
deiodinase, a selenoprotein that is sensitive to selenium (Se) defi-
ciency [106,107]. A RCT providing repletion doses of a cocktail
containing thiamine, vitamin C, Se and Zinc for 5 days was associ-
ated with a reduction of the length of hospital stay [108]. A large
before and after retrospective cohort study including 4294 major
trauma patients (Injury severity score ¼ 21) tested the impact of a
high dose combination of MN (ascorbic acid 1000 mg q 8 h, a-
tocopherol 1000 IU q 8 h, and selenium 200 mcg qd for 7-days) on
major trauma outcome, showed a significant reduction of morality
[105]. In the follow up study the authors showed that the high-dose
AO protocol was associated with a reduction in respiratory failure
and days on mechanical ventilation, and a marked decrease in
abdominal wall complications, including abdominal compartment
syndrome and of surgical site infections [109].

Wound healing results in increased nutritional requirements. A
cross-sectional study conducted in 44 patients with delayed wound
healing after trauma showed multiple but variable alteration of
status of Vitamin D, ascorbic acid, b-carotene, and selenium, all
being inversely correlated to CRP [110]. A RCT conducted in 20
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trauma patients with delayed wound healing providing ascorbic
acid, alpha-tocopherol, beta-carotene, zinc, selenium and gluta-
mine at nutritional doses was associated with a significant reduc-
tion of healing time (35 ± 22 vs. 70 ± 35 days; P ¼ 0.01) [111].
Despite these convincing results, further studies are required.

Practical considerations: aftermajor trauma, MN requirements
are increased by the wound healing process. Covering at least DRI is
essential, and higher doses (5 times DRI) of ascorbic acid, tocoph-
erol and selenium delivered for 1 week after injury have been
proven to improve outcome.

8.3. Soft tissue injuries

Soft-tissue injuries, including fasciitis, are conditions with an
intense inflammation, and are likely associated with alterations of
MN status but more investigations in this domain are needed.
Topical zinc applications have however been used, and appears to
be superior to oral therapy due to its action in reducing superin-
fections and necrotic material via enhanced local defense systems
and collagenolytic activity, and the sustained release of zinc ions
that stimulates epithelialization of wounds [112].

Streptococcus group A infections may cause devastating soft
tissue damage: a review signals that vitamin D deficiency seems to
be a risk factor, and that its administration may improve antibac-
terial defenses by stimulating innate immunity [113].

9. Conclusion

In acutely ill and critically ill patients, MN studies remain sparse
or missing. But the link between MN, inflammation and immunity
is strongly established. In absence of hard interventions study re-
sults, it is essential to remain a clinician, and to assess which
mechanism may result in the development of a deficiency before
admission, or of an acute depletion during the acute disease phase.
Diagnosis will include blood determinations whenever available
with the simultaneous assessment of the level of inflammation. The
latter complicates the assessment but should not hinder blood
determinations, and particularly their repetition at intervals when
the condition persists.
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