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Nutrition in ICU

• Malnutrition in common in critically ill 
children

• Impaired immune function

• Increased infection

• Increased morbidity

• Longer intervals of care (ICU/Hospital LOS)

• Increased mortality



Benefits of Enteral Nutrition
• Attenuates systemic inflammation and 

immune response

• Improved GI mucosal integrity and function

• Reduced bacterial translocation

– Maintain normal gut flora

• Lower incidence of MODS

• Improved wound healing



Mehta NM et al. JPEN J Parenter Enteral Nutr. 2017;41:706-742 
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Clinical Guidelines

This document represents the first collaboration between 2 

organizations—the American Society for Parenteral and 

Enteral Nutrition (ASPEN) and the Society of Critical Care 

Medicine (SCCM)—to describe best practices in nutrition 

therapy for critically ill children.

Guideline Limitations

These SCCM-ASPEN clinical guidelines are based on general 

consensus among a group of professionals who, in developing 

such guidelines, have examined the available literature on  

the subject and balanced potential benefits of nutrition prac-

tices against risks inherent with such therapies. A task force of 

multidisciplinary experts in clinical nutrition—representing 

physicians, nurses, pharmacists, dietitians, and statisticians—

was jointly convened by the 2 societies. These individuals 

participated in the development of the guidelines and authored 

this document. These practice guidelines are not intended as 

absolute policy statements. Use of these practice guidelines 

does not in any way guarantee any specific benefit in out-

come or survival. The professional judgment of the attending 

health professionals is the primary component of quality 

medical care delivery. Since guidelines cannot account for 

every variation in circumstances, practitioners must always 

exercise professional judgment when applying these recom-

mendations to individual patients. These clinical guidelines 

are intended to supplement, but not replace, professional train-

ing and judgment.
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Abstract
This document represents the first collaboration between 2 organizations—the American Society for Parenteral and Enteral Nutrition 

and the Society of Critical Care Medicine—to describe best practices in nutrition therapy in critically ill children. The target of these 

guidelines is intended to be the pediatric critically ill patient (>1 month and <18 years) expected to require a length of stay >2–3 days in 

a PICU admitting medical, surgical, and cardiac patients. In total, 2032 citations were scanned for relevance. The PubMed/MEDLINE 

search resulted in 960 citations for clinical trials and 925 citations for cohort studies. The EMBASE search for clinical trials culled 

1661 citations. In total, the search for clinical trials yielded 1107 citations, whereas the cohort search yielded 925. After careful review, 

16 randomized controlled trials and 37 cohort studies appeared to answer 1 of the 8 preidentified question groups for this guideline. 

We used the GRADE criteria (Grading of Recommendations, Assessment, Development, and Evaluation) to adjust the evidence grade 

based on assessment of the quality of study design and execution. These guidelines are not intended for neonates or adult patients. The 

guidelines reiterate the importance of nutrition assessment—particularly, the detection of malnourished patients who are most vulnerable 

and therefore may benefit from timely intervention. There is a need for renewed focus on accurate estimation of energy needs and attention 

to optimizing protein intake. Indirect calorimetry, where feasible, and cautious use of estimating equations and increased surveillance for 

unintended caloric underfeeding and overfeeding are recommended. Optimal protein intake and its correlation with clinical outcomes are 

areas of great interest. The optimal route and timing of nutrient delivery are areas of intense debate and investigations. Enteral nutrition 

remains the preferred route for nutrient delivery. Several strategies to optimize enteral nutrition during critical illness have emerged. The 

role of supplemental parenteral nutrition has been highlighted, and a delayed approach appears to be beneficial. Immunonutrition cannot 

be currently recommended. Overall, the pediatric critical care population is heterogeneous, and a nuanced approach to individualizing 

nutrition support with the aim of improving clinical outcomes is necessary. ( JPEN J Parenter Enteral Nutr.  2017;41:706-742) 

Keywords
adolescent; algorithm; child; critical illness; energy; enteral nutrition; guidelines; immunonutrition; indirect calorimetry; infant; intensive 

care unit; malnutrition; nutrition team; obesity; parenteral nutrition; pediatric; pediatric nutrition assessment; protein; protein balance; 

resting energy expenditure

“On the basis of observational studies, we 
recommend EN as the preferred mode of 
nutrient delivery to the critically ill child.” 



Mehta NM, et al. JPEN. 2010;34:38-45



Rogers EJ, et al. Nutrition 2003;19:865– 868.



The Origins of Parenteral Nutrition
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Under Which Conditions Should PN 
Be Used?
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Consensus Recommendation

695251 PENXXX10.1 177/01486071 17695251 Journal of Parenteral and Enteral Nutrition Worthington et al
resear ch-article 2017

From the 1Thomas Jefferson University Hospital, Philadelphia, Pennsylvania, 

USA; 2Nationwide Children’s Hospital, The Ohio State University, 

Columbus, Ohio, USA; 3University of Missouri, Columbia, Missouria, USA; 
4University of the Sciences, Philadelphia, Pennsylvania, USA; 5University 

of Washington, Seattle, Washington, USA; 6Central Admixture Pharmacy 

Services, Inc, Denver, Colorado, USA; 7Cleveland Clinic Foundation, 

Cleveland, Ohio, USA; 8Mt Carmel West Hospital, Columbus, Ohio, USA; 
9The Children’s Hospital of Philadelphia, Perelman School of Medicine, 

University of Pennsylvania, Philadelphia, Pennsylvania, USA; 10Ann 

& Robert H. Lurie Children’s Hospital, Feinberg School of Medicine, 

Northwestern University, Chicago, Illinois, USA; and the 11American Society 

for Parenteral and Enteral Nutrition, Silver Spring, Maryland, USA.

Financial disclosure: None declared.

Conflicts of interest: Sharon Durfee, employee of Central Admixture Pharmacy 

Services, Inc, serves in a clinical capacity and has no sales responsibilities.

Received for publication January 17, 2017; accepted for publication 

January 22, 2017.

This article originally appeared online on February 17, 2017.

Corresponding Author:

Beverly Holcombe, PharmD, BCNSP, FASHP, FASPEN, ASPEN, 8630 

Fenton St, Suite 412, Silver Spring, MD 20910, USA. 

Email: beverlyh@nutritioncare.org

When Is Parenteral Nutrition Appropriate?

Patricia Worthington, MSN, RN, CNSC
1
; Jane Balint, MD

2
;  

Matthew Bechtold, MD, FACP, FASGE, FACG, AGAF
3
;  

Angela Bingham, PharmD, BCPS, BCNSP, BCCCP
4
;  

Lingtak-Neander Chan, PharmD, BCNSP, CNSC, FACN
5
; Sharon Durfee, RPh, BCNSP

6
;  

Andrea K. Jevenn, RD, LD, CNSC
7
; Ainsley Malone, MS, RD, CNSC, FAND, FASPEN

8
;  

Maria Mascarenhas, MBBS
9
; Daniel T. Robinson, MD

10
; and Beverly Holcombe, PharmD, BCNSP , FASHP, FASPEN

11

Abstract
Parenteral nutrition (PN) represents one of the most notable achievements of modern medicine, serving as a therapeutic modality for all 

age groups across the healthcare continuum. PN offers a life-sustaining option when intestinal failure prevents adequate oral or enteral 

nutrition. However, providing nutrients by vein is an expensive form of nutrition support, and serious adverse events can occur.  In an effort 

to provide clinical guidance regarding PN therapy, the Board of Directors of the American Society for Parenteral and Enteral Nutrition 

(ASPEN) convened a task force to develop consensus recommendations regarding appropriate PN use. The recommendations contained 

in this document aim to delineate appropriate PN use and promote clinical benefits while minimizing the risks associated with the therapy. 

These consensus recommendations build on previous ASPEN clinical guidelines and consensus recommendations for PN safety. They 

are intended to guide evidence-based decisions regarding appropriate PN use for organizations and individual professionals, including 

physicians, nurses, dietitians, pharmacists, and other clinicians involved in providing PN. They not only support decisions related to initiating 

and managing PN but also serve as a guide for developing quality monitoring tools for PN and for identifying areas for further research.  

Finally, the recommendations contained within the document are also designed to inform decisions made by additional stakeholders, such 

as policy makers and third-party payers, by providing current perspectives regarding the use of PN in a variety of healthcare settings. (JPEN 

J Parenter Enteral Nutr.  2017;41:324-377)
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1B: Prior to initiating PN, conduct a full evaluation of the 

feasibility of using enteral nutrition (EN); reserve PN for 

clinical situations in which adequate EN is not an option.

Neonatal

1C: Consider PN for neonates in the critical care setting, 

regardless of diagnosis, when EN is unable to meet 

energy requirements for energy expenditure and growth.

Pediatric

1D: Use PN for children when the intestinal tract is not 

functional or cannot be accessed or when nutrient needs 

to provide for growth are greater than that which can be 

provided through oral intake or EN support alone.

2: Circumstances Where PN Is the Preferred 

Method of Nutrition Support

Adult

2A:  Use PN in patients who are malnourished or at risk for 

malnutrition when a contraindication to EN exists or 

the patient does not tolerate adequate EN or lacks suf-

ficient bowel function to maintain or restore nutrition 

status (Tables 1.1 and 1.2).

Neonatal and Pediatric

2B: Initiate PN for total or supplemental nutrient provision 

if EN is not feasible or not sufficient to meet total 

nutrient needs.

3: Determining When EN Is Not Feasible

Adult

3A: Evaluate clinical factors derived from history, physical 

examination, and diagnostic evaluations in determin-

ing if EN is contraindicated (Table 3.1).

Neonatal and Pediatric

3B: Initiate PN and withhold EN in neonatal and pediatric 

patients when a clear contraindication to EN exists, 

such as intestinal injury and perforation.

3C: Assess intestinal function and perfusion, as well as 

overall hemodynamic stability, when evaluating readi-

ness for EN, rather than relying on strict adherence to a 

list of contraindications to EN, such as the presence of 

umbilical catheters or use of vasoactive medications.

4: Time Frame for Initiating PN

Adult

4A: Initiate PN after 7 days for well-nourished, stable adult 

patients who have been unable to receive significant (50%  

or more of estimated requirements) oral or enteral nutrients.

4B: Initiate PN within 3 to 5 days in those who are nutri-

tionally-at-risk and unlikely to achieve desired oral 

intake or EN.

4C: Initiate PN as soon as is feasible for patients with base-

line moderate or severe malnutrition in whom oral 

intake or EN is not possible or sufficient.

4D: Delay the initiation of PN in a patient with severe meta-

bolic instability until the patient’s condition has improved.

Neonatal

4E: Begin PN promptly after birth in the very low birth 

weight infant (birth weight less than 1500 g). Insufficient 

data exist to suggest a specific time frame in which PN is 

ideally initiated in more mature preterm infants or criti-

cally ill term neonates.

Pediatric

4F: For the infant, child, or adolescent with a self-limited 

illness, it is reasonable to delay starting PN for 1 week. 

However, initiate PN within 1–3 days in infants and 

within 4–5 days in older children and adolescents 

when it is evident that they will not tolerate full oral 

intake or EN for an extended period.

5: Selecting Appropriate Vascular Access for 

PN Administration

Global Recommendations

5A: Individualize the selection of vascular access device 

(VAD) for PN administration based on an evaluation of 

the risks and benefits of the device, clinical factors, 

and psychosocial considerations.

5B: Choose the smallest device with the fewest number of 

lumens necessary for the patient’s needs.

5C: Dedicate 1 lumen of the VAD for PN administration 

when possible.

5D: Position the tip of the central venous access device 

(CVAD) in the lower third of the superior vena cava 

near the junction with the right atrium.

5E: Confirm optimal position of the CVAD tip prior to ini-

tiating PN.

6: Peripheral PN

Adult

6A: Use peripheral PN only for short-term purposes, no 

more than 10–14 days, as supplemental PN or as a 

bridge therapy during transition periods, where oral 

intake or EN is suboptimal or clinical circumstances do 

not justify placing a CVAD.

6B: Estimate the osmolarity of peripheral PN formulations.

6C: Maintain an upper limit of 900 mOsm/L for the periph-

eral PN formulations.

Neonatal and Pediatric

6D: In well-nourished neonatal and pediatric patients, use 

peripheral PN for short-term purposes until oral intake or 

EN can be established or to serve as a bridge to central PN.



• No difference in central-line related complications

• Similar rates of 30-day complication rates and 90-
day mortality

• Higher incidence of infections in PN group

(14.1% vs 6.4%, p=0.01)



EN PN



Harvey SE, et al. N Engl J Med 2014;371:1673-84.



30 day mortality

Intervention Control

33.1% 34.2%

Infectious complications 0.22 0.21

90 day mortality 37.3% 39.1%

Harvey SE, et al. N Engl J Med 2014;371:1673-84.







PEPaNIC Study – Primary Outcome

ICU-related Infection

Late Early

8.4% 4.2%

3.2% 1.4%

Airway

Blood borne

18.5% 10.7%ALL 18.5% 10.7%ALL

7.8% Absolute Risk Reduction

[95% CI 4.2 – 11.4%]

ICU Length of Stay

Late Early

6.5 + 0.4 9.2 + 0.8

8.4% 4.2%

3.2% 1.4%

Airway

Blood borne



• Overfeeding?

• Unexpectedly high rate

• Time to infection

PEPaNIC Study



J Pediatr Gastroenterol Nutr, Vol. 41, Suppl. 2, November 2005 
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Clinical Guidelines

This document represents the first collaboration between 2 

organizations—the American Society for Parenteral and 

Enteral Nutrition (ASPEN) and the Society of Critical Care 

Medicine (SCCM)—to describe best practices in nutrition 

therapy for critically ill children.

Guideline Limitations

These SCCM-ASPEN clinical guidelines are based on general 

consensus among a group of professionals who, in developing 

such guidelines, have examined the available literature on  

the subject and balanced potential benefits of nutrition prac-

tices against risks inherent with such therapies. A task force of 

multidisciplinary experts in clinical nutrition—representing 

physicians, nurses, pharmacists, dietitians, and statisticians—

was jointly convened by the 2 societies. These individuals 

participated in the development of the guidelines and authored 

this document. These practice guidelines are not intended as 

absolute policy statements. Use of these practice guidelines 

does not in any way guarantee any specific benefit in out-

come or survival. The professional judgment of the attending 

health professionals is the primary component of quality 

medical care delivery. Since guidelines cannot account for 

every variation in circumstances, practitioners must always 

exercise professional judgment when applying these recom-

mendations to individual patients. These clinical guidelines 

are intended to supplement, but not replace, professional train-

ing and judgment.

711387 PENXXX10.1177/01486071 17711387 Journal of Parenteral and Enteral Nutrition Mehta et al
resear ch-article 2017

Guidelines for the Provision and Assessment of Nutrition 

Support Therapy in the Pediatric Critically Ill Patient: 

Society of Critical Care Medicine and American Society  

for Parenteral and Enteral Nutrition

Nilesh M. Mehta, MD
1
; Heather E. Skillman, MS, RD, CSP, CNSC

2
;  

Sharon Y. Irving, PhD, CRNP, FCCM, FAAN
3
; Jorge A. Coss-Bu, MD

4
;  

Sarah Vermilyea, MS, RD, CSP, LD, CNSC
5
; Elizabeth Anne Farrington, PharmD, FCCP, FCCM, FPPAG, BCPS

6
; 

Liam McKeever, MS, RDN
7
; Amber M. Hall, MS

8
; Praveen S. Goday, MBBS, CNSC

9
;  

and Carol Braunschweig, PhD, RD
10

Abstract
This document represents the first collaboration between 2 organizations—the American Society for Parenteral and Enteral Nutrition 

and the Society of Critical Care Medicine—to describe best practices in nutrition therapy in critically ill children. The target of these 

guidelines is intended to be the pediatric critically ill patient (>1 month and <18 years) expected to require a length of stay >2–3 days in 

a PICU admitting medical, surgical, and cardiac patients. In total, 2032 citations were scanned for relevance. The PubMed/MEDLINE 

search resulted in 960 citations for clinical trials and 925 citations for cohort studies. The EMBASE search for clinical trials culled 

1661 citations. In total, the search for clinical trials yielded 1107 citations, whereas the cohort search yielded 925. After careful review, 

16 randomized controlled trials and 37 cohort studies appeared to answer 1 of the 8 preidentified question groups for this guideline. 

We used the GRADE criteria (Grading of Recommendations, Assessment, Development, and Evaluation) to adjust the evidence grade 

based on assessment of the quality of study design and execution. These guidelines are not intended for neonates or adult patients. The 

guidelines reiterate the importance of nutrition assessment—particularly, the detection of malnourished patients who are most vulnerable 

and therefore may benefit from timely intervention. There is a need for renewed focus on accurate estimation of energy needs and attention 

to optimizing protein intake. Indirect calorimetry, where feasible, and cautious use of estimating equations and increased surveillance for 

unintended caloric underfeeding and overfeeding are recommended. Optimal protein intake and its correlation with clinical outcomes are 

areas of great interest. The optimal route and timing of nutrient delivery are areas of intense debate and investigations. Enteral nutrition 

remains the preferred route for nutrient delivery. Several strategies to optimize enteral nutrition during critical illness have emerged. The 

role of supplemental parenteral nutrition has been highlighted, and a delayed approach appears to be beneficial. Immunonutrition cannot 

be currently recommended. Overall, the pediatric critical care population is heterogeneous, and a nuanced approach to individualizing 

nutrition support with the aim of improving clinical outcomes is necessary. ( JPEN J Parenter Enteral Nutr.  2017;41:706-742) 

Keywords
adolescent; algorithm; child; critical illness; energy; enteral nutrition; guidelines; immunonutrition; indirect calorimetry; infant; intensive 

care unit; malnutrition; nutrition team; obesity; parenteral nutrition; pediatric; pediatric nutrition assessment; protein; protein balance; 

resting energy expenditure

Mehta NM et al. JPEN J Parenter Enteral Nutr. 2017;41:706-742 



Real Life Practice

156 ICUs, 52 Countries, 6 Continents

Kerklaan. Peds Crit Care Med 2016; 17: 10-18



Survey Results

• 55% start < 24 hours

• 3.5% after 7 days

EN supplementation
• 18% if insufficient

• 7.5% never used if EN 
provided

• 50% if EN < 50% target

• 24% if EN < 50% target
Kerklaan. Peds Crit Care Med 2016; 17: 10-18



How Much PN in Being Used?

PN used in ~30% of pts

– 8.8% Exclusively

– 21% EN + PN

• PN + EN

– 52.2% prescribed energy

– 61.2% prescribed protein

Mehta. Crit Care Med 2012; 40: 2204–2211 





Protein Balance in Critical Care

• Increase protein catabolism and turnover

• Amino acids mobilized from skeletal muscle stores

• Gluconeogenesis and inflammation

• Net negative protein balance

• Muscle weakness, functional disability, morbidity

• Higher protein delivery required (compared to healthy 
controls)



• Protein delivery = 37 +
38% of prescribed

• Linear relationship 
between protein intake 
and survival

Mehta NM, et al. Am J Clin Nutr 2015; 102(1): 199–206
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Summary of Proceedings

The International Protein Summit was convened September 

23–25, 2016, in Charleston, South Carolina. Global experts 

were invited to participate as speakers and discussants, based 

on knowledge and international reputation in the areas of clini-

cal nutrition and more specifically protein metabolism. The 

format of an expert consensus conference or summit offers a 

rapid fluid process that works to help the practitioner by clari-

fying clinical issues in the literature and the investigator by 

providing direction for future research. The main focus and 

overall objective of the summit was to offer expert consensus 

opinion pertaining to the provision of protein in the intensive 

care unit (ICU) and help close the gaps between what is hap-

pening in clinical practice and what is recommended through 

guidelines by nutrition societies (American Society for 

Parenteral and Enteral Nutrition [ASPEN], Society of Critical 

Care Medicine [SCCM], European Society for Clinical 

Nutrition and Metabolism [ESPEN], and Canadian Critical 

Care Nutrition Guidelines). The summit had 6 objectives: (1) 

describe clinical outcome benefits and identify patient popula-

tions most affected by consumption of a high-protein diet; (2) 

identify barriers to the delivery of protein; (3) determine the 

etiology of associated loss of muscle mass and total body 

protein in the ICU; (4) assess protein requirements for various 

patient populations (ie pediatrics, sepsis, obesity); (5) identify 

optimal source, dosing, route, and delivery of feeding regi-

mens high in protein; and (6) provide a potential agenda for 

future research designed to generate higher levels of evidence 

supporting protein administration in the critically ill patient.

The highlights of the summit and recommendations reported 

here represent the opinion of the panel, not those of a national 

or international nutrition society. The expert panel convened 

does not represent a formal voting body or guideline commit-

tee. While the members of the expert panel were expected to 

review the literature pertaining to each topic, use of a formal 

process for grading the quality of evidence in the literature and 

determining the strength of each recommendation was not fea-

sible for the structure and function of the summit process. 

Once the manuscript and recommendations were completed, 

however, participants were sent an anonymous electronic sur-

vey and asked to indicate whether they agreed or disagreed 

with each of the consensus recommendations. Despite these 

limitations, we felt there was great value in assembling recog-

nized experts in the specific area of protein metabolism where 

there was a paucity of information available to clinicians. The 

693610 NCP XXX10.1 177/0884533617693610 Nutrition in Clinical Practice Hurt et al
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Abstract
The International Protein Summit in 2016 brought experts in clinical nutrition and protein metabolism together from around the globe to 

determine the impact of high-dose protein administration on clinical outcomes and address barriers to its delivery in the critically ill patient. 

It has been suggested that high doses of protein in the range of 1.2–2.5 g/kg/d may be required in the setting of the intensive care unit (ICU) 

to optimize nutrition therapy and reduce mortality. While incapable of blunting the catabolic response, protein doses in this range may be 

needed to best stimulate new protein synthesis and preserve muscle mass. Quality of protein (determined by source, content and ratio of amino 

acids, and digestibility) affects nutrient sensing pathways such as the mammalian target of rapamycin. Achieving protein goals the first week 

following admission to the ICU should take precedence over meeting energy goals. High-protein hypocaloric (providing 80%–90% of caloric 

requirements) feeding may evolve as the best strategy during the initial phase of critical illness to avoid overfeeding, improve insulin sensitivity, 

and maintain body protein homeostasis, especially in the patient at high nutrition risk. This article provides a set of recommendations based on 

assessment of the current literature to guide healthcare professionals in clinical practice at this time, as well as a list of potential topics to guide 

investigators for purposes of research in the future. ( Nutr Clin Pract. 2017;32(suppl 1):142S-151S)

Keywords
protein; lean body mass; enteral nutrition; parenteral nutrition; amino acids

“We recommend that a minimum of 1.2 g/kg/d of protein 
(with doses up to 2.0–2.5 g/kg/d) be used in critically ill 

patients admitted to the ICU”

“Achieving protein goals the first week following 
admission to the ICU should take precedence over 

meeting energy goals.”

Hurt RT, et al. Nutr Clin Pract. 2017;32(suppl 1):142S-151S 



Protein Delivery in PEPaNIC

• Despite increase in protein delivery

– Increase infection and AKI requiring RRT

– Increase mechanical ventilation, ICU/Hospital LOS



The Role of Fats

• Intralipid®

– Most common lipid emulsion used in PN

– Soybean derived = Rich in omega (⍵) 6 Fatty Acids

– Pro-inflammatory and associated with liver 
dysfunction

• Omegaven®

– Fish oil-based lipid – ⍵3 Fatty Acids

– Anti-inflammatory effects



Diamond IR, et al. JPGN 48:209 – 215, 2009 

Heller AR, et al. Crit Care Med 2006; 34:972–979 

• Reduction in Parenteral Nutrition Associated 
Liver Disease

– 9 of 12 patients delisted or workup terminated for 
liver-small bowel transplantation

– Reduction in hyperbilirubinemia

– Reduction in transaminitis = lower inflammation



Conclusions

SHOULD NPO ORDERS BE MODIFIED IN 
THE PICU?

YES

1. PN has a valuable role in the provision of 
adequate nutrition for critically ill children

2. Exact timing of PN remains unclear

3. Further research required to determine the 
optimal composition and dosing of PN 
macronutrients



Thank you


