
Micronutriments en Réa
MN Guidelines ESPEN 2022
Prof. Hon Mette M. Berger
Lausanne University Hospital (CHUV)
Switzerland

16-18 JUIN 2022

55m



MN guideline development & structure

https://doi.org/10.1016/j.clnu.2022.02.015

16 ESPEN experts
• Multidisciplinary group:

Endocrinology, Gastroenterology, ICU, 
Nutritionist, Pharmacist, Biologists 

• Generation of individual texts 
that were cross-discussed

• Web-meetings
• Invitation of 11international 

experts
• Two Delphi rounds

29 recommendations
• 3 general
• 26 specific

Chapter structure
• Main functions
• Needs
• Biomarkers - analytical methods

– Conversion to SI units
• Effect of inflammation
• Deficiency

– When and how to treat?
• Toxicity
• Recommendations

– When to measure?
– What to measure?
– How much to provide in EN/PN
– When to provide additional 

amounts
– How to provide additional amounts



TRACE ELEMENTS (11) VITAMINS (13)
Cu Copper A Retinol
Se Selenium D Cholecalciferol*
Zn Zinc E Alpha-tocopherol
Fe Iron K Phyloquinone
Mn Manganese B1 Thiamine
Mo Molybdenum B2 Riboflavin
Cr Chromium B3 Niacin (PP)*
F Fluoride B5 Pantothenic acid
I Iodine B6 Pyridoxine 
Co Cobalt B7 Biotine
V Vanadium B9 Folic acid 

B12 Cobalamin
+ Ni, Si, Sn  C Ascorbic acid

Q10 Coenzyme 

Essential Micronutrients

* Synthesized by the body

Antioxidant
functions

Deficit Risk 
in 
Switzerland

Wound healing

No DRI for
Carnitine
Choline
CoQ10



Definitions – status assessment – Table 3

ESPEN MN Guideline, Berger et al Clin Nutr 2022

Blood/plasma concentrations are within local reference range 
(international range if no national reference is available), and
Absence of any clinical signs or symptoms related to MNs.
Status may be adequate despite a low plasma value in a 
patient with inflammation.

Presence of an objective loss of a MN in body fluids, or intake 
below standard recommendation with blood/plasma
concentrations below reference range (see below).

Evidence of objective loss of a MN in body fluids, or intake 
below standard recommendation
AND EITHER:
Presence of clinical signs or symptoms, compatible with a 
MN deficiency 
OR Blood/plasma concentrations below reference range 
together with metabolic effects of inadequacy
Detection (by monitoring of blood concentrations) of 
higher than upper reference values, associated with the
administration or intake (accidental or intentional) of 
amounts greater than recommendations.

Presence of clinical signs or symptoms compatible with 
toxicity. The history can show the intake of amounts 
considered unsafe or toxic.
Toxicity diagnosis is most frequently based on blood levels.



The 4 big causes of nutrient & micronutrient deficits

ê Absorption é Losses

ê Intakes

- diarrhoea
- Gastric losses
- Intestinal fistulae
- CRRT
- burns
- diuretics
- Alcohol abuse
- diabetes

é
Requirements

- infection
- SIRS
- Anabolism
- growth

- anorexia
- fasting
- malnutrition
- PN without MN

Global Malabsorption :
- Short bowel
- Celiac disease
- pseudo-obstruction
- Cystic fibrosis

Specific malabsorption:
- fat (vit. ADEK)
- achlorhydria (B12)
- Pancreas failure
- Enteropathic Acro. (Zn)



Wording used to describe the type of prescription –
Table 5

ESPEN MN Guideline, Berger et al Clin Nutr 2022

Complementation will be used to indicate the delivery of MNs to 
cover basal needs (e.g. to complete enteral feeds [4], or PN).

Doses aiming to restore a normal status, and where the deficit is 
known. Sometimes called supplementation but term to be avoided 
as confusing

Term used when the aim is to deliver higher than standard doses 
(i.e. superior to DRI or PN recommendation) [41].
The term does not include pharmaconutrition but designates 
doses higher than basal requirements delivered in an attempt to 
correct depletion or deficiency.

Treatment with a specific MN to improve host defenses, or any 
other biological endpoint associated with good clinical evolution 
and improve the outcome of critically ill patients.



Why choosing 1500 kcal as reference?

• The ESPEN recommendations are formulated for 1500 kcal/day 
because this is the most common target. 

• But international surveys show that feed delivery is generally below the 
prescribed target, resulting in 1000 kcal/day being the most frequently 
delivered dose

• Since all the MN are incorporated in the formula for EN products, the 
amount of each MN supplied depends on the volume of product 
provided. 

• In patients receiving less than 1500 kcal, an additional enteral or I.V. 
provision of MNs at the start of feeding may be considered, especially if 
there is a recent history of poor intake

ESPEN MN Guideline, Berger et al Clin Nutr 2022



High requirements?
Besoins élevés / accrus?

é requirements may occur in patients with 
– on-going increased losses such as 

gastrointestinal losses
– continuous renal replacement therapy
– hypermetabolic 
– depleted before commencing EN/PN
– pregnancy.

ESPEN MN Guideline, Berger et al Clin Nutr 2022



ESPEN MN Guideline, Berger—Shenkin-Schweinlin et al Clin Nutr 2022



Disease Deficiency favouring 
disease development 

Inadequacy or deficit 
worsening the 
condition

Deficiency as a result of 
disease

Alcoholism B1, Fe A, D, E, K, B1, B2, B6, B7,
B9, B12, C, Zn

Alcoholic hepatitis B6, Zn Se, Zn
Anaemia B1, B6, B9, B12, Fe, Cu, Co
Cancer cachexia D, Zn
Cardiomyopathies/ Heart 
failure

B1, B6, D, Se, Fe Se

COPD D, Cu, Se, Mn, Zn

Chronic intestinal failure B2, B7, B9, B12, A, D, E, K,
Cu, Fe, Zn

Chronic (atrophic) gastritis B9, B12, C, D, Fe
Diabetes mellitus B9, Cr
Inflammatory bowel 
diseases

Zn B1, B6, B12, A, D, E, K, Fe,
Se, Zn

Non-alcoholic fatty liver 
disease

Cu

Liver diseases Zn B12, A, D, E, Se, Zn
Multiple Sclerosis B7
Obesity β-carotene, E, Se, Zn B1, B9, D, Fe, Se, Zn
Obesity Post Bariatric 
surgery

A, D, E, K, B1, B9, B12, C,
Cu, Fe, Zn

Osteoporosis B12, D, K, Cu, Fe, Zn, Mn,
F, Bo

Renal failure (chronic) B1, B6, B9, K, D, Cu, Se, Zn
Sarcopenia B1, B12, D, carnitine, Zn D, Se, Zn
Critical illness B1, C, D, Cu, Fe, Se, Zn B1, B12, C, D, Fe, Se, Zn

Table 6A: Disease-specific risks of depletion or deficiency in trace elements and vitamins

ESPEN MN Guideline, Berger—Shenkin-Schweinlin et al Clin Nutr 2022



https://doi.org/10.1016/j.clnu.2022.02.015



Quantitative data on the magnitude of the systemic 
inflammatory response and its effect on micronutrient 

status based on plasma measurements
Duncan et al, Am J Clin Nutr, 2012;95:64

the results (2217 blood samples - 1303 patients) of routine micronutrient screens (plasma Zn, 
Cu, Se, and vitamins A, B-6, C, and E) and all vitamin D results (4327 blood samples from 3677 
patients) were extracted from the laboratory database

Glasgow, UK

Zinc

Copper

Selenium

Vit A



Vit E

Vit B6

Vit D

Vit C

Quantitative data on the magnitude of SIRS and its effect 
on micronutrient status based on plasma measurements

Duncan et al, Am J Clin Nutr, 2012;95:64



Trace elements
Acute phase response
Shenkin, Nutrition 11:100, 1995
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Oxidative stress and metallothionein expression - liver of rats 
with severe thermal injury 
Ding et al Burns, 28:215, 2002

Effects of severe thermal injury on the zinc concentrations both in the serum and in the liver. 
mean±sem, n=5. *P<0.001, **P<0.01 and # P<0.05 vs. the corresponding normal control

Déplétion du 
compartiment 
circulant



Timing
Une question de temps



Recognition of the importance of time



When should nutrition therapy be initiated ?
Which route should be used?

Recommendation 4 
• If oral intake is not possible, early EN (within 48 hours) in 
critically ill adult patients should be performed/initiated 
rather than delaying EN

•Grade : B – strong consensus (100 % agreement)

Recommendation 5
• If oral intake is not possible, early EN (within 48 hours) 

shall be performed/initiated in critically ill adult patients 
rather than early PN 

• Grade : A – strong consensus (100 % agreement)

Singer et al, Clin Nutr 2019



Recommendation 9
Continuous rather than bolus EN should be used.
Grade : B - strong consensus (95% agreement) 
Recommendation 10
Gastric access should be used as the standard approach to
initiate EN.
Grade : GPP - strong consensus (100% agreement)
Recommendation 11
In patients with gastric feeding intolerance not solved with
prokinetic agents, postpyloric feeding should be used.
Grade : B - strong consensus (100% agreement)

Which route should be used?



Disadvantages of Enteral vs. PN in ICU  

• Absorption capacity uncertain
• GI Motility uncertain
• Microbiome destroyed by antibiotics, etc
• Amounts really delivered << prescribed

• Amount of MNs really bioavailable ê



Evolution des apports dans le temps

État nutritionnel

Pathologies chroniques
ayant un impact sur la
nutrition et les besoins

Traitements en cours
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Recommendation 6
In case of contraindications to oral and EN, PN 
should be implemented within 3-7 days.
Grade of recommendation: B –
consensus (89 % agreement)

Recommendation 7
Early and progressive PN can be provided instead 
of no nutrition in case of contraindications for EN 
in severely malnourished patients. 
Grade of Recommendation: 0 –
strong consensus (95 % agreement)

Singer et al, Clin Nutr 2019



Micronutrient requirements – ESPEN Guideline 2022

Concept of high requirements



High requirements?
Besoins élevés / accrus?

Increased requirements may occur in patients 
with 

–on-going increased losses such as 
gastrointestinal losses

–continuous renal replacement therapy
–hypermetabolic 
–depleted before commencing EN/PN
– pregnancy.



Micronutriments 
critiques en réa.

Cr, Cu, Fe, Se, Zn
B1 (thiamine), C, D(?)



Recommendations N°4 - Chromium

Not applicable to general diabetic patients, but only for critically ill patients, in case of increasing 
insulin doses (30-50 U/h required to maintain blood glucose <10 mmol/L). Trial limited to 4 days.

A low plasma chromium level is associated with hyperglycemia, insulin resistance, high 
inflammatory status and increased cardiovascular risk in humans. Chromium insufficiency has 
been hypothesized to be a contributing factor to the development of type 2 diabetes and some 
studies have revealed a negative relationship between serum chromium and HbA1C levels.



Recommendations N°6 - Copper

Recommendation 6.1
Copper levels should be measured:
- In patients coming for post-bariatric surgery follow up or after other 
abdominal surgeries that exclude the duodenum.

- In patients admitted for neuropathy of unclear etiology.
- In major burn patients whether (or not) receiving complements of copper.
- In the context of continuous renal replacement for more than 2 weeks.
- In patients on home enteral nutrition fed by jejunostomy tubes.
- In patients on long term PN, regularly every 6-12 months.
Grade of recommendation B - Strong consensus 94%

ESPEN MN Guideline, Berger et al Clin Nutr 2022



Recommendations N°6 - Copper

ESPEN MN Guideline, Berger et al Clin Nutr 2022



Recommendations N°9 - iron

ESPEN MN Guideline, Berger et al Clin Nutr 2022

When and how to provide additional amounts?

How much to provide in typical EN and PN? 

When to provide less?



Recommendations N°9 - Iron

Table 7: Impact of deficiency and inflammation on the most frequent biomarkers of iron status

Worldwide, iron deficiency is the most common nutritional deficiency, 
affecting hundreds of millions of people. 
Iron deficiency leads to impaired physical and cognitive functions, and to 
a high risk of morbidity for mother and child in pregnancy. 
Iron deficiency is often overlooked, especially when the complete blood count 
is abnormal. However, iron deficiency anemia is less common than iron 
deficiency without anemia. 
Iron deficiency has economic consequences as it reduces working capacity, 
increasing sick-leave, and being often incorrectly treated with 
antidepressants



Recommendations N°9 - Iron
Investigations and treatment



Hepcidin-ferroportin (Fpn) interaction determines the flow of iron into plasma. Hepcidin 
concentration is in turn regulated by iron, erythropoietic activity and inflammation

The Role of Hepcidin in Iron Metabolism
Nemeth & Ganz, Acta Haematol. 2009; 122: 78–8

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2855274/


Impact of treating iron deficiency (ID), diagnosed according to hepcidin 
quantification, on outcomes after a prolonged ICU stay compared 
to standard care: a multicenter, randomized, single-blinded trial
Lasocki S et al, CritCare 2021; 25:62

Multicentric RCT: 399/ 405 randomized patients were analyzed (201 intervention, 
198 control). A total of 220 patients (55%) had ID at discharge
Intervention: patients were treated with intravenous iron (1 g ferric carboxymaltose) 
when hepcidin was < 20mcg/l

Primary endpoint: not different - post-ICU 
LOS ttt 33(13;90) vs. control 33(11;90) days
2nd endpoints: 
D90 mortality significantly lower in 
intervention arm (16(8%) vs 33(16.6%) 
deaths, absolute risk difference −8.7 (−15.1 
to −2.3)%, p=0.008), 
One-year survival was improved (p=0.04).



Recommendations N°12 - selenium



Recommendations N°12 - selenium



Distribution of serum or plasma selenium in adults aged 40–64 years in the UK 2001 
NDNS population (representing status in Europe), and the US 2003–04 NHANES 
population (representing status in North America)

Selenium and human health
Rayman M, Lancet 2012:379: 1256



Effect of Sodium Selenite Administration and PCT-Guided Therapy on 
Mortality in Patients With Severe Sepsis or Septic Shock: 
A Randomized Clinical Trial
Bloos et al, JAMA Intern Med 2016;176:1266

Loading dose Na 
selenite, 1000 μg, 
followed by a 
continuous IV infusion 
of Na Se 1000 μg, daily 
until discharge from 
the ICU, but max 21 
days, or placebo.2 × 2 factorial trial performed in 33 ICUs in Germany



Recommendations N°13 - Zinc
Recommendation 13.1
Zinc measurement should be done:
- In patients with increased gastrointestinal and/or skin losses  
- on commencing long term PN and repeated as required depending on the 
presence of conditions associated with risk of deficiency.
- in patients on long-term PN, every 6-12 months
Grade of recommendation GPP - Consensus 88%

Recommendation 13.5
In patients on PN who have gastrointestinal losses (fistulae, stomas, and diarrhea), while nil per 
mouth, IV doses up to 12 mg per day can be used and are usually sufficient to maintain the status: 
this addition will be required for as long as gastrointestinal losses persist.
Grade of recommendation 0 - Strong consensus 100%
Recommendation 13.6
Patients with major burns >20% BSA have increased requirements due to exudative losses: 30e35 
mg/day IV for 2-3 weeks should be provided.
Grade of recommendation B - Strong consensus 91%
Recommendation 13.7
In acquired zinc deficiency, 0.5-1 mg/kg per day of elemental zinc (Zn 2+), can be given orally for 
3e4 months. Organic compounds such as zinc histidinate, zinc gluconate and zinc orotate show a 
comparatively better tolerability than inorganic zinc sulfate and zinc chloride.
Grade of recommendation GPP - Consensus 82%
Recommendation 13.8
In acrodermatitis enteropathica, a life-long oral intake of 3 mg/kg per day of elemental zinc (Zn2þ) 
may be provided, with the dosage adjusted accordingly to plasma or serum zinc levels.
Grade of recommendation 0 - Strong consensus 94%

ESPEN MN Guideline, Berger et al Clin Nutr 2022



Recommendations N°13 - Thiamine

ESPEN MN Guideline, Berger et al Clin Nutr 2022



Refeeding syndrome: illustrative  cases and  guidelines for prevention and treatment
Stanga Z.  Eur J  Clin  Nutr 2008, 62, 687–694

Quelques jours de jeune (3-4 suffisent)

500 ml Glu5%



Refeeding syndrome: illustrative  cases and  guidelines for prevention and treatment
Stanga Z.  Eur J  Clin  Nutr 2008, 62, 687–694



Recommendations N°13 - Thiamine

ESPEN MN Guideline, Berger et al Clin Nutr 2022

Table 8 - Recommended thiamine treatment doses



Recommendations N°13 - Thiamine

ESPEN MN Guideline, Berger et al Clin Nutr 2022



RCT in 13 ICUs, 339 adult critically ill patients
Inclusion: P<0.65 mmol/l with 72 hrs nutrition



Recommendation 55
Electrolytes (potassium, magnesium, phosphate) should be 
measured at least once daily for the first week.
Grade : GPP – strong consensus (92 % agreement)

Recommendation 56
In patients with refeeding hypophosphatemia (<0.65 mmol/l or 
a drop of >0.16 mmol/l), electrolytes should be measured 2-3 
times a days and supplemented if needed. 
Grade : GPP – strong consensus (100 % agreement)

ESPEN Guidelines: Clinical Nutrition in the ICU
Singer et al, Clin Nutr 2019



Prevalence of hypophosphatemia in the ICU
Results of an international one-day point prevalence survey

ESICM-MEN, Berger MM et al , Clin Nutr 2021: 40, 3615-3621

• Cases of hypoP were detected at any time of patient's ICU stay
• The absence of phosphate repletion protocols in 60% of participating 

ICUs = unexpected finding

Primary objective : 
Prevalence of HypoP
(<0.8 and < 0.65 mmol/l)
56 adult and 4 pediatric 
ICUs, from 22 countries
909 patients (883 adults) 
hypoP 15.4%

P measurements were performed daily in 21 ICUs, but only 1-3 times per 
week in 39 ICUs (65% of ICUs) 



Recommendations N°23 – Vitamin D3 (25-OH)D

ESPEN MN Guideline, Berger et al Clin Nutr 2022



High Dose Vitamin D3 Supplementation Is Not Associated With 
Lower Mortality in Critically Ill Patients: A Meta-Analysis of RCTs
Gao Z et al, Front. Nutr., 04 May 2022

databases à Dec 4th, 
2020
PICOS criteria: (1) adult 
patients (>18 years) 
admitted to the ICU; (2) 
Intervention: high-dose 
vit. D3 (a single dose 
300,000 -540,000 IU), 
either enteral delivery or 
IM injection; (3) 
Comparison placebo-
control; (4) Outcome: 
mortality; (5) design: RCT
Results: 435 articles à
10 RCTs enrolling 2058 
patients were included

The effect of vitamin D3 on length of ICU and hospital stay in ICU adult patients



Length mechanical ventilation, of ICU and hospital stay

A high dose of 
vitamin D3 
significantly 
reduced the 
ventilator days 
(MD −9.38, 
95%CI −13.44 to 
−5.31, P < 0.001)

p<0.0001



Complement, Replete or Supplement?
Three different situations with different objectives

Subnormal intake

Normal status

Loss or
Preexisting
deficit

Replete

Complete

Supplement

Aim: 
To cover DRI

>5  DRI



Major burns – trace element losses 
Berger et al, Burns, 1992,18:373, Clin Nutr 1992,11:75, AJCN 1997,65:1473
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p<0.05

Burns TE repletion – trial 3 - plasma levels

Berger MM et al, 
Amer J Clin Nutr 2007

p<0.05



Trace element (Cu,Se,Zn) replacement in Burns 
Reduction of nosocomial pneumonia
Berger et al, 2006, 
Crit Care 10:R153

Log Rank 
p=0.0014
Wilcoxon 
p=0.0019

Aggregation of 2 
consecutive 
randomized
Trials à IV
- Cu 3 mg
- Se 300 mcg
- Zn 30 mg

65% reduction
of pneumonia

risk

n = 41
Burns 46% BSA



CRRT

Predilution

Postdilution

Blood from patient

Return patient



Curr Opin Crit Care 2021, 27:367–377

Aim to review the existing literature on micronutrients status during RRT: 35 
publications including data on effluent losses and blood concentrations were 
considered relevant and analysed. Data on amino acids were included. 
Among trace elements, negative balances have been shown for copper and 
selenium: low blood levels seem to indicate potential deficiency.
Smaller size water soluble vitamins were found in the effluent, but not larger size 
liposoluble vitamins. Low blood values were frequently reported for thiamine, folate 
and vitamin C, as well as for carnitine. 
All amino acids were detectable in effluent fluid. Duration of RRT was associated 
with decreasing blood values.

Summary
Losses of several MNs and amino acids associated with low blood 
levels represent a real risk of deficiency for vitamins B1 and C, 
copper and selenium: they should be monitored in prolonged RRT.
Further Research is urgently required as the data are insufficient to generate 
strong conclusions and prescription recommendations for clinical practice.



Micronutrient losses during CVVH
Berger MM et al, Amer J Clin Nutr, 410, 2004 

Plasma Cu, Se, Zn, and thiamine in effluents from patients with acute renal failure under
CRRT with either Na-bicarbonate (Bic group; Full) or Na- lactate (Lac group; �)



Scientific Reports (2020) 10:1505

Measured serial plasma concentrations of vitamin B1, B6, B12, C and D, folate, 
selenium, zinc, copper, iron, carnitine and 22 amino acids for 6 consecutive days, in 
36 CRRT patients and 6 non-CRRT
All amino acids, trace elements, vit. C and folate were detectable in effluent fluid. In 
>30% of CRRT and non-CRRT patients, the plasma levels of zinc, iron, selenium, vit. 
D3, vit. C, tryptophan, taurine, histidine and hydroxyproline were < reference range 
throughout the 6-day period

Proportion of patients with plasma below the reference range: CRRT / non-CRRT



Proportion of patients with plasma levels of essential and conditionally essential 
amino acids (non-essential below) < reference range. CRRT / non-CRRT
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Carnitine deficiency in chronic critical illness
Bonafé L et al, COCNM 2014

Obvious amyotrophy from day 40, in a previous healthy strong young man – major 
Burns and CRRT: hyper TG, hyperlactatemia and low carnitine

Day 55                                   Day 190



A guide to EN in ICUs: 10 expert tips for daily practiced
Preiser et al, Crit Care 2021

Recommendations for the progression of EN, micronutrients delivery 
and prevention of refeeding
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Guideline MN - Conclusion
• Ce document a pour objectif de servir de référence 

clinique globale et individuelles
• Règles de base : tenir compte des besoins intégrés 

et de l’impact de l’inflammation sur les valeurs 
sanguines mesurées –

• En réa: présence de plusieurs causes de besoins 
accrus et d’apports de base non couverts
– Stress oxydant
– Pertes spécifiques (CRRT, fistules, exsudats…)
– Déficit à l’admission avec NE progressive (donc <DRI)

• Dosages requis en cas de suspicion de déficit, ou 
de traitement actif - toujours ajouter CRP
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