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Immunonutrition

What is Immunonutrition?
• Modulation of immune system activity by nutrients or food items
• Can be administered enterally or parenterally
• Usually given in amounts above those normally encountered

diet

in the

What is Immunonutrition?
• The goal of immunonutrition is a reduction in postoperative

infectious complications

• Preventing an exaggerated immune response
• Accelerating wound healing
• Augmenting phagocytic

and respiratory burst activities of neutrophils

• Improving protein synthesis
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Cruzat VF, Krause M, Newsholme P. Amino acid supplementation and impact on immune function in the context of exercise. J Int Soc Sports Nutr. 2014 Dec 14;11(1):61.

What is Immunonutrition?
• Typical immunonutrients include
• Omega-3 fatty acids
• Glutamine
• Arginine

Omega-3 Fatty Acids
• Eicosapentaenoic

acid
(EPA) and docosahexanoic
acid (DHA)

• Derived from fish oil
• Reduce the production of

the proinflammatory
omega-6 fatty acid
arachidonic acid

• Attenuate the production

of inflammatory
prostaglandins and
prostacyclins

• Reduce the cytotoxicity

inflammatory cells

of
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Fabian CJ, Kimler BF, Hursting SD. Omega-3 fatty acids for breast cancer prevention and survivorship. Breast Cancer Res. 2015 May 4;17:62.

Glutamine
• Conditionally-essential amino acid during times of stress
• Substrate for gluconeogenesis
• Can be oxidized for fuel for rapidly-proliferating

cells

• Primary fuel for lymphocytes and macrophages

Kim MH, Kim H. The Roles of Glutamine in the Intestine and Its Implication in Intestinal Diseases. Int J Mol Sci. 2017 May 12;18(5). pii: E1051.
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Arginine
• Required

for normal T-cell, B-cell, and macrophage functions

• Precursor to proline and polyamines, which are integral for wound

healing and tissue repair

• Can be metabolized to nitric
• Blood

flow homeostasis

oxide

• Epithelialization
• Tissue granulation

• Acute arginine depletion occurs

during inflammation and surgery

• Can predispose patients to infection

and impaired wound healing

©Abbott Laboratories
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Carb Loading
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What is Carb Loading?
Energy Storage

• Increasing carbohydrate

intake to raise glycogen
stores in muscle and liver

• Glycogen is the primary

Glycogen

Glucose

storage form of glucose
and acts as an energy
reserve

• Humans respond to

surgery and trauma with
the breakdown of stored
energy fuels (glycogen,
fat, muscle)

Breakdown

Stress Response
• The stress response exists to

mobilize the body’s energy
reserves to provide fuel for both
tissue recovery and the synthesis
of proteins important for the
immune system

• This response is mediated by

multiple neuroendocrine pathways
•

Hypothalamic-pituitary-adrenal
(HPA) axis

•

Sympathetic nervous system

Dobson GP. Addressing the Global Burden of Trauma in Major Surgery. Front Surg. 2015 Sep 3;2:43.

Metabolic
Stress
Response
• Lipid oxidation
• Protein breakdown
• Insulin resistance
• Hyperglycemia
• Alterations in

immune mediators

Dobson GP. Addressing the Global Burden of Trauma in Major Surgery. Front Surg. 2015 Sep 3;2:43.
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Why Carb Load?
• If exaggerated,

the stress response can have adverse effects
including hyperglycemia, catabolism, and immunosuppression
• Fasting can exacerbate this response

• Thus, the goal of preoperative carb loading is to better prepare the

patient for the upcoming surgical insult

• Preserve the normal stress response that is needed for recovery
• Increase glycogen

stores

• Reduce catabolism
• Attenuate insulin resistance

How to Carb Load
• The carbohydrate product most

often cited in the literature contains
maltodextrin as the main
carbohydrate source
• Found in soft drinks, infant

formula, peanut butter

• Typically accomplished

with the
consumption of 25-50 grams of
carbohydrates in the form of clear
liquid 2 hours before surgery

©Abbott Laboratories
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Fasting Guidelines

Why NPO for Surgery?
• Fasting reduces

the risk of aspiration of gastric contents

• Fasting reduces

gastric volume and acidity

• Fasting is associated with patient thirst, hunger, anxiety, and

headaches

How Long to Fast?
• 2 hours: Clear liquids
• 6 hours: Light meal or nonhuman milk
• ≥ 8 hours: Fried foods, fatty foods, or meat

Practice Guidelines for Preoperative Fasting and the Use of Pharmacologic Agents to Reduce the Risk of Pulmonary Aspiration: Application to Healthy Patients Undergoing Elective Procedures: An Updated
Report by the American Society of Anesthesiologists Task Force on Preoperative Fasting and the Use of Pharmacologic Agents to Reduce the Risk of Pulmonary Aspiration. Anesthesiology. 2017
Mar;126(3):376-393.

8

TexMed 2019

Is Carb Loading Safe?
• Preoperative fasting from midnight is unnecessary

in most patients

• In the absence of contraindications, there is no evidence that

patients given clear liquids up to 2 hours before elective procedures
are at a greater risk of aspiration vs. those who fasted for the
traditional 12 hours

• Clear liquids empty from the stomach within 60-90 minutes
• Maltodextrin

empties from the stomach within 90 minutes

Practice Guidelines for Preoperative Fasting and the Use of Pharmacologic Agents to Reduce the Risk of Pulmonary Aspiration: Application to Healthy Patients Undergoing Elective Procedures: An Updated
Report by the American Society of Anesthesiologists Task Force on Preoperative Fasting and the Use of Pharmacologic Agents to Reduce the Risk of Pulmonary Aspiration. Anesthesiology. 2017
Mar;126(3):376-393.
Weimann A, Braga M, Carli F, Higashiguchi T, Hübner M, Klek S, Laviano A, Ljungqvist O, Lobo DN, Martindale R, Waitzberg DL, Bischoff SC, Singer P. ESPEN guideline: Clinical nutrition in surgery. Clin Nutr.
2017 Jun;36(3):623-650.

Review
of
Evidence

Carb Loading: Where to Start?
• Over 40 RCTs investigating the effects of carb loading on clinical

outcomes

• Multiple systematic reviews and meta-analyses
• Often with inconsistent results
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Preoperative carbohydrate loading for
elective surgery: a systematic review
and meta-analysis
• Published in Surgery Today in 2012
• 22 RCTs evaluating preop carb treatment (PCT)
• Results

• PCT was associated with fewer decreases in the postop insulin sensitivity

index

• No significant difference in LOS
• No aspiration events noted
• Inconsistent data on anxiety and thirst effects

Li L, Wang Z, Ying X, Tian J, Sun T, Yi K, Zhang P, Jing Z, Yang K. Preoperative carbohydrate loading for elective surgery: a systematic review and meta-analysis. Surg Today. 2012 Jul;42(7):613-24.

Preoperative carbohydrate loading for
elective surgery: a systematic review
and meta-analysis
• Conclusions
• PCT appears safe and may attenuate postoperative

placebo

• Patient well-being might be improved

insulin resistance vs.

by PCT

• The quality of most of the published trials was poor
• Evidence levels for most outcomes

were low

Li L, Wang Z, Ying X, Tian J, Sun T, Yi K, Zhang P, Jing Z, Yang K. Preoperative carbohydrate loading for elective surgery: a systematic review and meta-analysis. Surg Today. 2012 Jul;42(7):613-24.

A meta-analysis of randomised
controlled trials on preoperative oral
carbohydrate treatment in elective
surgery
• Published in Clinical Nutrition in 2013
• 21 prospective RCTs evaluating PCT vs. control
• Results

• PCT reduced postop insulin resistance with no effects on in-hospital

complications

• No overall difference in LOS in orthopedic surgical procedures or in pts

with an expected LOS < 2 days

• Pts undergoing major abdominal surgery following

significantly lower LOS (1.08 days)

PCT had a

Awad S, Varadhan KK, Ljungqvist O, Lobo DN. A meta-analysis of randomized controlled trials on preoperative oral carbohydrate treatment in elective surgery. Clin Nutr. 2013 Feb;32(1):34-44.
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A meta-analysis of randomised
controlled trials on preoperative oral
carbohydrate treatment in elective
surgery
• Conclusions
• PCT may be associated with a reduction in LOS in patients undergoing

major abdominal surgery

• There was significant heterogeneity

amongst the studies

• The quality of evidence was low-to-moderate

Awad S, Varadhan KK, Ljungqvist O, Lobo DN. A meta-analysis of randomized controlled trials on preoperative oral carbohydrate treatment in elective surgery. Clin Nutr. 2013 Feb;32(1):34-44.

Preoperative carbohydrate treatment
for enhancing recovery after elective
surgery
• Published in the Cochrane Database of Systematic Reviews in 2014
• 27 RCTs of PCT vs. placebo or fasting in adults
• Results

• In 19 trials including 1351 participants, PCT was associated with a

shortened LOS vs. placebo or fasting (by 0.3 days; very low-quality
evidence)

• In 2 trials including 86 participants, PCT was associated with a shortened

time to passage of flatus vs. placebo or fasting (by 0.39 days; high-quality
evidence)

• In 3 trials including 41 participants, PCT was associated with increased

postop insulin sensitivity (high-quality evidence)

• In 14 trials including 913 participants, PCT was not associated with an

increase or decrease in the risk of postop complications (risk ratio 0.98;
low-quality evidence)

Smith MD, McCall J, Plank L, Herbison GP, Soop M, Nygren J. Preoperative carbohydrate treatment for enhancing recovery after elective surgery. Cochrane Database Syst Rev. 2014 Aug 14;(8):CD009161.

Preoperative carbohydrate treatment
for enhancing recovery after elective
surgery
• Conclusions
• PCT did not alter postop complications

rates

• PCT was associated with a small reduction in hospital LOS vs. placebo or

fasting

• There was significant heterogeneity

amongst the studies

Smith MD, McCall J, Plank L, Herbison GP, Soop M, Nygren J. Preoperative carbohydrate treatment for enhancing recovery after elective surgery. Cochrane Database Syst Rev. 2014 Aug 14;(8):CD009161.
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Network meta-analysis of the effect
of preoperative carbohydrate loading
on recovery after elective surgery
• Published in the British Journal of Surgery

in 2017

• Included 43 RCTs involving 3110 participants
• Attempted to adjust for different carbohydrate doses and control

methods

• Stratified participants into 2 dose groups: low (10-44 grams) and high (≥

45 grams) carbohydrates

• Stratified participants into 2 control

groups: fasting and water or placebo

• Primary outcomes: hospital LOS and postop complication rate
• Secondary outcomes: postop insulin resistance, vomiting, and

fatigue

Amer MA, Smith MD, Herbison GP, Plank LD, McCall JL. Network meta-analysis of the effect of preoperative carbohydrate loading on recovery after elective surgery. Br J Surg. 2017 Feb;104(3):187-197.

Network meta-analysis of the effect
of preoperative carbohydrate loading
on recovery after elective surgery
• Results
• Compared with fasting, low-dose PCT decreased LOS by 0.4 days
• Compared with fasting, high-dose PCT decreased

LOS by 0.2 days

• No statistically significant difference in LOS vs. water or placebo
• No statistically significant difference in postop complication rate,

or in most of the secondary outcomes, between PCT and control
groups

Amer MA, Smith MD, Herbison GP, Plank LD, McCall JL. Network meta-analysis of the effect of preoperative carbohydrate loading on recovery after elective surgery. Br J Surg. 2017 Feb;104(3):187-197.

Network meta-analysis of the effect
of preoperative carbohydrate loading
on recovery after elective surgery
• Conclusions
• PCT before elective surgery conferred

a small reduction in LOS vs.

• PCT before elective surgery conferred

no benefit in comparison

fasting

with water or placebo

Amer MA, Smith MD, Herbison GP, Plank LD, McCall JL. Network meta-analysis of the effect of preoperative carbohydrate loading on recovery after elective surgery. Br J Surg. 2017 Feb;104(3):187-197.
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Summary of Preop Carb Loading
• In the absence of contraindications, carb loading using clear liquids

within 2 hours of surgery does not increase the incidence of
aspiration

• Carb loading may be associated with attenuated insulin resistance,

patient well-being, and shortened time to flatus

• Carb loading may be associated with a reduction

in patients undergoing major abdominal surgery

in LOS, especially

• Overall, the majority of evidence indicates that carb loading does

not provide a significant clinical benefit over water or a flavored
drink containing no calories

What about Immunonutrition?
• There are at least 10 meta-analyses assessing immunonutrition
• Many were performed prior to the adoption of enhanced recovery

protocols and minimally-invasive surgical techniques

Preoperative standard oral nutrition
supplements vs immunonutrition:
results of systematic review and
meta-analysis
• Published in the Journal of the American College of Surgeons in 2014
• Compared outcomes after preop nutritional supplementation with

immunonutrition (IN) vs. standard oral nutritional supplements
(ONS) or a regular diet without supplements

• 8 RCTs of preop IN vs. ONS (561 patients)
• 9 RCTs of preop IN vs. no supplements (895 patients)
• Analysis performed for wound infection, infectious/non-infectious

complications, and LOS

Hegazi RA, Hustead DS, Evans DC. Preoperative standard oral nutrition supplements vs immunonutrition: results of a systematic review and meta-analysis. J Am Coll Surg. 2014 Nov;219(5):1078-87.
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Preoperative standard oral nutrition
supplements vs immunonutrition:
results of systematic review and
meta-analysis
• Results

• In RCTs controlled with non-supplemented standard diets, preop IN was

associated with decreased infectious complications (OR 0.49, 95% CI 0.30
to 0.83, p≤0.01) and decreased LOS (mean difference -2.22 days, 95% CI 2.99 to -1.45, p≤0.01)
• When compared to standard ONS, preop IN was not associated with
reduced wound infections, infectious complications, non-infectious
complications, or LOS
• Conclusion

• No evidence that IN is superior to ONS

Hegazi RA, Hustead DS, Evans DC. Preoperative standard oral nutrition supplements vs immunonutrition: results of a systematic review and meta-analysis. J Am Coll Surg. 2014 Nov;219(5):1078-87.

Meta-analysis of immunonutrition
in major abdominal surgery
• Published in the British Journal of Surgery

in 2017

• Included 83 RCTs evaluating IN in major abdominal surgery

pts)

(7116

• Analysis performed for mortality, overall complications, infectious

complications, and LOS

Probst P, Ohmann S, Klaiber U, Hüttner FJ, Billeter AT, Ulrich A, Büchler MW, Diener MK. Meta-analysis of immunonutrition in major abdominal surgery. Br J Surg. 2017 Nov;104(12):1594-1608.

Meta-analysis of immunonutrition
in major abdominal surgery
• Results

• Mortality was not altered by IN
• Across all trials, IN reduced overall complications

(OR 0.79, 95% CI 0.66
to 0.94, p=0.01), reduced infectious complications (OR 0.58, 95% CI 0.51
to 0.66, p<0.001), and reduced LOS (mean difference -1.79 days, 95% CI 2.39 to -1.19, p<0.001) compared with control groups
• These effects vanished after excluding trials at high and unclear risk of
bias
• Non-industry funded trials reported no positive effects for overall
complications while those funded by industry reported large effects
• Conclusion

• IN reduced overall complications,

shortened LOS

infectious complications, and

• Evidence carries a low-to-moderate confidence due to bias

Probst P, Ohmann S, Klaiber U, Hüttner FJ, Billeter AT, Ulrich A, Büchler MW, Diener MK. Meta-analysis of immunonutrition in major abdominal surgery. Br J Surg. 2017 Nov;104(12):1594-1608.
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Summary of Immunonutrition
• Preop immunonutrition appears safe
• For all patients, preop immunonutrition may not confer any

additional benefit over standard preop nutritional supplements
(those high in protein and supplemented with vitamins and
minerals)

• Immunonutrition may reduce

overall complications, infectious
complications, and shorten LOS in patients undergoing major
abdominal surgery, however, these results may be affected by bias

Future Directions

Future Directions
• Continue to incorporate preoperative nutritional support in ERAS

pathways

• Still need to determine the optimal formulation of these

preparations

• Combination of carbohydrates and immunonutrients
• Different formulations for specific patient populations

• Future studies should attempt to minimize bias and influence of

industry sponsorship
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