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Learning objectives:
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• To know the immunonutrients and understand mechanisms of 
action;

• To know guidelines for immunonutrition in surgery, 
gastroenterology and ICU. 
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• Fatty acids 
- n-3 PUFA, Olive oil

• Amino acids: 
- Glutamine, Arginine

• Antioxidants: 
- Selenium, Vit. C, Vit D, Vit E, Zinc

• Nucleotides

Specific substrates for  artificial 
nutrition



Glutamine

• The most abundant non-essential free amino acid in humans,
contributing more than 50% of the body’s free amino acid pool;

• Μay be synthesised in vivo, but during catabolic states due to
major surgery, burn, severe trauma or sepsis, its consumption
may exceed its endogenous production, thus it was called a
“conditionally essential” amino acid.



Arginine

• a non-essential amino acid, which may become essential in stress 
conditions,

• synthesized in the kidneys from citrulline, which stems from 
glutamine digested in the intestine,

• effects on the immune system are also similar to those of GLN, 
because of analogous pathways

• its conversion to citrulline by nitric oxide synthase (NOS) leads to 
nitric oxide (NO) formation, which is a potent mediator of the 
inflammatory response



Arginine

• Sepsis ↑ Synthesis of acute-phase 
proteins 

• Wound or fractures ↑ wound healing, nitrogen 
retention, growth 

• Intestinal ischemia improves outcome 
• Small-bowel resection ↑ GI barrier function, 

↓ bacterial translocation
• Radiation enteritis ↑ mucosal thickness, villous 

height, number of villi 



Nucleotides
- increase the number of T-helper cells (Lyt-1 or CD4 phenotype), 

- increase the expression of cytokines in the spleen (IL-2) and gut 
explants (IL-6 and IL-8), 

- Stimulate macrophages, 

- support tissue recovery from ischaemia–reperfusion injury and GI 
mucosal trophism in PN-fed rats 



Anti-inflammatory mediators

ω-3
Eucosapentaenoic acid
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Pro-inflammatory mediators
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Vitamins

• enhancing innate defense mechanisms, cell-mediated
immunity, and the production of antibodies,

• in stress conditions vitamin E acts as free radicals
scavenger, vitamin C acts as enzyme co-factor and
scavenger of lipid peroxidation products,

• vitamins A, B6, B12, C, D and E support the Th1 cytokine-
mediated immune response and production of cytokines
and prostaglandins
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Acute pancreatitis

• there is little data proving the advantage of
immunonutrition

• only the animal studies suggest that enteric diet
enriched with glutamine, arginine, and probiotics has a
positive effect on gut barrier function and immune
function in pigs with severe acute pancreatitis

• EIN maintained gut barrier function and immune
function in pigs with SAP

Zou XP, et al. JPEN.2010 Sep-Oct;34(5):554-66



Acute pancreatitis



Inflammatory bowel disease and immunonutrition: novel 
therapeutic approaches through modulation of diet and 

the gut microbiome.

Immunology. 2018 Sep;155(1):36-52



The role of immunonutritional support in 
cancer treatment: Current evidence

Clin Nutr. 2017 Dec;36(6):1457-1464.



ICU





Recommendation 30

• High doses of omega-3-enriched EN formula should not be given by 
bolus administration. 

• Grade of recommendation: B – strong consensus (91 % agreement)

Recommendation 31

• EN enriched with omega-3 fatty acids within nutritional doses can 
be administered. 

• Grade of recommendation: 0 – strong consensus (95 % agreement)

Recommendation 32

• High doses omega 3 enriched enteral formulas should not be given 
on a routine basis. 

• Grade of recommendation: B – consensus (90 % agreement)
Singer et al. Clin Nutr 2018 (ESPEN Guidelines) 



Recommendation 33
• Parenteral lipid emulsions enriched with EPA + DHA (Fish 

oil dose 0.1-0.2 g/kg/d) can be provided in patients 
receiving PN. 

• Grade of recommendation: 0 – strong consensus (100 % 
agreement)

Singer et al. Clin Nutr 2018 (ESPEN Guidelines) 



Immunonutrition for acute respiratory distress 
syndrome (ARDS) in adults.

• AUTHORS' CONCLUSIONS:
This meta-analysis of 10 studies of varying quality examined effects of
omega-3 fatty acids and/or antioxidants in adults with ARDS. This
intervention may produce little or no difference in all-cause mortality
between groups. We are uncertain whether immunonutrition with omega-3
fatty acids and antioxidants improves the duration of ventilator days and
ICU length of stay or oxygenation at day 4 due to the very low quality of
evidence. Adverse events associated with immunonutrition are also
uncertain, as confidence intervals include the potential for increased
cardiac, gastrointestinal, and total adverse events.

Cochrane Database Syst Rev. 2019 Jan 24;1:CD012041









Potential Beneficial Effects of Glutamine
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Recommendation 26
• In patients with burns > 20% body surface area, 

additional enteral doses of glutamine (0.3-0.5 g/kg/d) 
should be administered for 10-15 days as soon as EN is 
commenced.

• Grade of recommendation: B – strong consensus (95 % 
agreement)

ESPEN Guidelines on 
Nutrition in Intensive care

Singer et al. Clin Nutr 2018 (ESPEN Guidelines) 



Recommendation 27

• In critically ill trauma, additional enteral nutritional doses 
of glutamine (0.2-0.3 g/kg/d) can be administered for the 
first 5 days with EN. In case of complicated wound healing 
it can be administered for a longer period of 10-15 days.

Recommendation 28

• In ICU patients except burn and trauma patients, 
additional enteral glutamine should not be administered.

• Grade of recommendation: B – strong consensus (92.31 % 
agreement)

Singer et al. Clin Nutr 2018 (ESPEN Guidelines) 



New Engl J Med 368;16 NEJM.org April 18, 1489-2013

REDOXS



• 1223 patients
• APACHE scores >26
• Randomized within 

18 hours of admission
• Placebo, 
• Antioxidants
• Gln
• Gln + Antioxidants 

AOX

Yes No

Glutamine Yes 32.6% 32.2%

No 29.0% 25.3%

Mortality

Overall Glutamine vs no Glutamine 32.4% vs 27.2%; P=0.05
But “The primary endpoint on 28 day mortality has not 
reached a significant difference”

REDOXS 







Recommendation 29
•In unstable and complex ICU patients, particularly in 
those suffering from liver and renal failure, parenteral 
glutamine-dipeptide shall not be administered.
•Grade of recommendation: A – strong consensus 
(92.31 % agreement)

Singer et al. Clin Nutr 2018 (ESPEN Guidelines) 



1. Oxidative stress is increased in critically ill patients and 
contributes to organ damage / malignant inflammation

2. As the increase in oxidative stress is associated with 
depletion of the stores of anti-oxidants, the 
administration of antioxidants can be beneficial

3. Adding anti-oxidant compounds to nutrition support is 
physiological

Nutrition in ICU Antioxidants



Recommendation 34

• To enable substrate metabolism, micronutrients (i.e. 
trace elements and vitamins) should be provided daily 
with PN. 

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

Singer et al. Clin Nutr 2018 (ESPEN Guidelines) 

Nutrition in ICU Antioxidants



Recommendation 35
•Antioxidants as high dose monotherapy should not 
be administered without proven deficiency.
•Grade of recommendation: B – strong consensus (96 
% agreement)

Singer et al. Clin Nutr 2018 (ESPEN Guidelines) 

Nutrition in ICU Antioxidants







Recommendation 36

• In critically ill patients with measured low plasma levels (25-
hydroxy-vitamin D < 12.5 ng/ml, or 50 nmol/l) vitamin D3 should
be supplemented

• Grade of recommendation: GPP- consensus (86 % agreement)

Recommendation 37

• In critically ill patients with measured low plasma levels (25-
hydroxy-vitamin D < 12.5 ng/ml, or 50 nmol/l) a high dose of
vitamin D3 (500,000 UI) as a single dose can be administered
within a week after admission.

• Grade of recommendation: 0 – consensus (86 % agreement)

Singer et al. Clin Nutr 2018 (ESPEN Guidelines) 



• Preoperatively, oral nutritional supplements shall be
given to all malnourished cancer and high-risk patients
undergoing major abdominal surgery. (BM, HE).

A special risk group are the elderly people with sarcopenia. (A)

• Immune modulating oral nutritional supplements including
arginine, omega-3-fatty acids and nucleotides can be preferred
(0) (BM, HE) and administered for five to seven days
preoperatively (GPP)

ESPEN Guideline:
Clinical Nutrition in Surgery 

Weimann et al. Clin Nutr 2017; 36:  623-650



Hegazi et al, J Am Coll Surg 2014; 219: 1078-1087

Immunonutrition vs regular diet 

Wound infection Non-infectious

LOS Infectious
Complications 
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Immunonutrition vs ONS 

Non-infectious

LOS 

Wound infection 

Infectious
Complications 



Pharmaconutrition administration on outcomes of 
elective oncological surgery for gastrointestinal 

malignancies: is timing everything?

• Drawing together the key points from this review of theses meta-analyses, the
timing of pharmaconutrition provision is perhaps the most important clinical
consideration regarding this issue at the present time.

• Two meta-analyses have shown that preoperative pharmaconutrition failed to
deliver any benefit over standard formulations when used as a standalone
intervention, and the accepted benefits of pharmaconutrition i.e., reduction in
infectious complications and LOS, were only reported in peri- and postoperative
administration. These two meta analyses have further shown benefits of
pharmaconutrition with respect to reduced non-infective complications and
anastomotic dehiscence in postoperative and perioperative administration
respectively.

• Based on the present evidence, it seems premature to include blanket
recommendations for the use of pharmaconutrition within this population group
without reference to the timing to provision.

Transl Gastroenterol Hepatol. 2018 Aug 8;3:52



Moya et al, Medicine 2016; 95: e3704

Immunonutrition and ERAS 



Chevrou-Séverac et al, Clin Nutr 2014; 33: 649 - 654

Oral / enteral immunonutrition
– cost saving 



Nutritional Goals in the  Perioperative 
Period

Supplementation of PN ?

• Glutamine 
• Omega-3-fatty acids  



Ziegler et al, Ann Surg 2016; 263: 246-255

Glutamine 



N-3 fatty acid enriched 
parenteral nutrition regimens in elective 

surgery and ICU patients: 
A meta-analysis

• 23 studies, including a total of  1502 patients

– 13 carried out in ICU patients (n = 762)
– 10 carried out in surgery patients not admitted  

to the ICU (n = 740)

Pradelli et al, Critical Care 2013; 16: R 184



Omega-3-fatty acids  infectious 
complications 

39%  reduction in infection rate



ESPEN Guideline: 
Clinical Nutrition in Surgery

When is parenteral supplementation indicated?

• Parenteral glutamine supplementation may be considered in
patients who cannot be adequatey fed enterally and,
therefore require exclusive PN (0) (BM, HE).

• Postoperative parenteral nutrition including omega-3-fatty
acids should be considered only in patients who cannot be
adequatey fed enterally and, therefore require exclusive PN
(B) (BM, HE).

Weimann et al. Clin Nutr 2017; 36:  623-650



Arginine in clinical practice

SURGERY 
Arginine levels are 
lower and arginase

activity is higher 

SEPSIS
Nitric oxide, a major 

metabolite of arginine, 
is elevated 

IT WORKS IT DOES NOT WORK



Controversies in immunonutrition

- Heterogenity of study groups (number of malnourished vs well-
nourished patients)

- Heterogenity of nutritional interventions  (pre-, peri-, 
postoperative, all together)

- Various formulas (Impact, Stresson, Reconvan)
- Various caloric load (hypercaloric, hypocaloric)
- Heterogenity of definitions for complications, nutritional status, 

etc.
- Poor methodology: < 50% of ITT analyses



Arginine in ICU: clinical studies
AUTHOR(S) Number of 

patients (n)
Study groups Type of diet Results

Bower  et al. 1995 
35

326 IMEN vs isocaloric Impact Decrased complications ratio in 
IMEN, but: higher mortality

Atkinson et al. 
1998 36

398 IMEN vs isocaloric Impact Mechanical ventilation and ICU 
stay reduced

Caparros et al. 
200137

235 Experimental formula vs 
sntadard

Experimental 
formula

Standard formula – better 
results

Kieft et al, 2005 38 597 IMEN vs standard Stresson ICU stay similar, shorter 
ventilator days in immunogroup

Dent et al, 2003 39 170 IMEN vs standard Optimental vs 
Osomolite HN

Mechanical ventilation and ICU 
stay reduced

Heyland  et al. 
200140

Metaanalysis 
22 RTC
2419 pts.

IMEN vs standard EN Impact Decrease of complications, no 
differences in mortality

Montejo et al. 
2003 41

Metaanalysis 
1270

IMEN vs standard EN Various 
(Impact, 
Stresson)

Decrease of complications, no 
differences in mortality



Omega-3-PUFAs’ formulations

EPA + DHA are the key players!

Ph Eur monograph nr 1352
• EPA + DHA  ≥ 45%
• Total n3-FAs ≥ 60%

Ph Eur monograph nr 1912
• EPA + DHA ≥ 22%
• Total n3-FAs ≥ 28%



Enteral fat administration: Not all the 
formulas have the same fat content



Omega-3-PUFAs’ formulations
Intralipid®

20%1

Lipofundin®

MCT/LCT    
20%1

Structolipid®

20%1

Omegaven
®

10%1
ClinOleic®

20%1
Lipoplus®

20%2
SMOFlipid®

20%1

Oil source 100% soy 50% coconut 
50% soy

36% coconut 
64% soy

100% fish 80% olive 
20% soy

50% coconut
40% soy
10% fish

30% soy
30% coconut 

25% olive
15% fish

SFA (%) 15.0 59.4 46.3 21.2 14.5 58.0 40.6

MUFA (%) 24.0 11.0 14.0 24.3 63.7 11.5 29.3

PUFA (%) 61.1 33.8 40.0 42.3 22.0 26.8 26.4

ω-3 (%) 8.0 4.5 5.0 35.2 2.8 5.4 7.3

ω-6 (%) 53.1 29.3 35.0 7.1 19.2 21.5 19.1

ω-9 (%) 24.0 11.0 14.0 15.1 62.3 10.6 27.7

1. Wanten GJA, Calder PC. Am J Clin Nutr. 2007;85(5):1171-1184. 2. Driscoll DF. Nutr Clin Pract. 2006;21(4):381-386.

MCT, medium-chain triglyceride; LCT, long-chain triglyceride.



Key messages - Ι

• Immunonutrition is a special type of nutritional therapy, in which 
provision of nutrients covers not only basic needs, but exerts a 
required clinical effect – it modifies immune system function;

• Glutamine can be beneficial in trauma and burn patients, may also 
improve the outcome of surgery; 

• Arginine cannot be used in severe sepsis patients, but is of high 
value in high-risk elective surgery patients; 



Key messages - ΙΙ

• Omega-3-polyunsaturated fatty acids can reverse PN associated
cholestasis in children, reduce postoperative complications after GI
surgery, improve the outcome in critically ill ARDS and trauma
patients, and influence the expansion of pancreatic cancer;

• As some of vitamins and trace elements can act as
immunomodulators, their dosage should be significantly increased
during catabolic stress;

• Further studies are needed to fully understand mechanisms and
clinical value of immunonutrients.



Key messages - ΙΙΙ

• A particular group of patients who benefit from
immunonutrition are malnourished patients undergoing
extensive surgery

• Currently, due to insufficient clinical data, immunonutrition
cannot be recommended to patients with ulcerative colitis
or Crohn’s disease.

• In the case of acute pancreatitis intravenous administration
of glutamine may have a positive impact.
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