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Objectives 
1. Discuss newer data on PN vs EN in critically ill 

patients 

2. Understand the data supporting the use of trophic  
EN rates in patients with respiratory failure 

3. Describe data about the use of Indirect Calorimetry 
in Estimating Target kcal and protein 
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Case 

• 55 y.o. male COPD with baseline PaCO2 55, Type 2 

DM, HTN, atrial fibrillation (on coumadin) presents 

with pneumonia and septic shock.  He has new renal 

failure with creatinine 5.0.  Intubated in ED, started 

on norepinephrine drip, and admitted to MICU.  On 

70% FiO2, PEEP 12 and his CXR looks like ARDS. 



Nutrition Questions 
• Should we feed him?  How would we assess risk? 

 
• How should we feed him? 

– Enteral vs. Parenteral; Gastric vs. Post-pyloric 
 

• When should we start feeding him? 
– Right away vs. few days vs. out of shock 

 

• What should we feed him? 
• TF “du jour” vs. special formula 
 

• How much should we feed him (goals)? 
– Trophic vs full-calorie 
 

• What safety measures should we employ? 
– Gastric residual volume level; GI intolerances 
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• How should we feed him? 

– Enteral vs. Parenteral; Gastric vs. Post-pyloric 
 

• When should we start feeding him? 
– Right away vs. few days vs. out of shock 

 

• What should we feed him? 
• TF “du jour” vs. special formula 
 

• How much should we feed him (goals)? 
– Trophic vs full-calorie; Directed by Indirect Calorimetry 
 

• What safety measures should we employ? 
– Gastric residual volume level; GI intolerances 

 



Background 
• Malnutrition in respiratory failure is associated with 

worse outcomes 
– Many assume that feeding such patients (even if they are 

not malnourished) must improve outcomes 

• Consensus statements endorse EN over PN in acute 
respiratory failure 

• Strong beliefs about timing, delivery, and 
composition of EN exist (with emerging data) 



   Concept of Nutritional Risk 

Components:  Impaired nutrition status and disease severity 

J Kondrup (Curr Opin Clin Nutr Metab Care 2014;17:177) 

Jens Kondrup 



Nutrition Assessment 
 Does Nutrition Risk Assessment identify patients 

likely to benefit from nutrition therapy? 
 Very little data on outcomes of nutrition assessment 

 Few studies use formal nutrition assessment as enrollment 
criteria 
 Recent weight loss 
 Formal assessment scores 

• Malnutrition in these patients is hard to define 

• Baseline nutrition status versus nutrition risk 

• Expert opinion still behind identifying highest risk patients 
and aggressively providing them with nutritional support 

Presenter
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Nutrition Assessment - History 
 Many assessment tools 
 Recent weight loss 
 Traditional Serum Protein Markers 

• Albumin, prealbumin, transferrin, retinol binding protein 
• All reflect acute phase response – not reliable 

 Anthropomorphic measures 
• Skin-fold thickness 
• Waist / hip / chest circumference 

 Many screening and assessment tools 
• Mini Nutritional Assessment (MNA) 
• Malnutrition Universal Screening Tool (MUST) 
• Short Nutritional Assessment Questionnaire (SNAQ) 
• Malnutrition Screening Tool (MST) 
• Subjective Global Assessment (SGA) 



Nutrition Assessment – Recent Advances 
 New assessment tools – incorporate disease severity 
 Nutrition Risk Score (NRS) – 2002 1 

 Nutric Score 2 

 High nutritional risk defined as NRS ≥ 5 or Nutric ≥ 6 * 2,3 

 Use of muscle mass 
 Paraspinous muscles on CT 4 

 Ultrasound to determine muscle mass 5 

1.  Kondrup J, et al.  Clin Nutr. 2003;22:321-336.            2. Heyland DK, et al. Crit Care.  2011; 15:R268. 
3.  Jie B, et al.  Nutrition.  2012;28(10):1022-1027.             4. Puthucheary ZA, et al. JAMA. 2013;310:1591-1600. 
5.  Mourtzakis M, et al.  Curr Opin Clin Nutr Metab Care.  2014;17:389-395. 
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How to Feed the 
Critically Ill Patient: 

 
EN vs PN 



EN vs. PN 
 Is Enteral still better than Parenteral? 

• Improved TPN solutions 
• Tight glycemic control 
• Improved Central Line Care 



Recent Evidence 



• ICUs from 31 Austr / NZ Hosp 
• 1372 critically ill adults in first 

24 hours of ICU admission 
• Relative contraindication to 

early EN & expected ICU > 2 d 
• 45% emerg, 20% elective surg 
• 60% with GI; 20% CV dx 

 Doig, et al. JAMA.  2013; 309(20):2130-8. 



• Randomized to SOC vs PN on day 1 targeting 
goal calories by day 3 

• In PN group, reminder for EN start on day 3 

• In SOC group, no protocol;  team controlled 

• Primary Endpoint: 60 day mortality 

• Other Endpoints: MV; LOS; infections 
Doig, et al. JAMA.  2013; 309(20):2130-8. 
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• 2400 pts in UK ICUs; mixed med-surg 
• Randomized to EN vs PN – started w/in 36 hrs 
• Continued randomized treatment for 5 days 
• Primary outcome: All-cause 30-d mortality 
 
• Age: 63; 14% surgical 
• APACHE II: 19.6;  SOFA: 9.5; 83% ventilated 

Harvey SE, et al.  N Engl J Med.  2014;371(18):1673-84. 
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Doig and Calories: Summary 
• TPN did not improve 60-d mortality in critically 

ill patients with contraindication to early EN 2 
• Early TPN in this group may have reduced time 

on ventilator slightly (? 1 day / 20 ICU days) 
• But no difference in LOS, infections 

 
• Initial TPN for 5 days had similar outcomes 

(and delivery) to EN 
• TPN had less hypoglycemia and vomiting 

1.Doig, et al. JAMA.  2013; 309(20):2130-8. 
2. Harvey SE, et al.  N Engl J Med.  2014;371(18):1673-84. 
 



EN vs. PN Meta-analysis:  
ICU Patients - Mortality 

 

Elke G, et al.  Crit Care.  2016;20:117. 

RR 1.58; (0.75, 3.35) 

RR 1.03; (0.93, 1.14) 



EN vs. PN Meta-analysis: ICU 
Infectious Complications 

Fewer Infectious complications when EN is utilized.  
(N=544; 7 studies) 

Elke G, et al.  Crit Care.  2016;20:117. 

RR 0.55; (0.37, 0.82) 

RR 0.94; (0.80, 1.10) 



Supplementing EN with PN 
• Using parenteral nutrition to supplement enteral 

nutrition to increase caloric delivery 
• Slowly taper off PN as tolerance of EN increases 
• Society Guidelines differ: 

– ESPEN – start suppl PN w/in 2 days 1 
– Canadian / ASPEN – start EN ASAP but wait to start 

suppl PN 2,3 

1. Singer P, et al.  Clin Nutr.  2009;28:387-400 
2. Heyland DK, et al.  JPEN.  2003;27:355-73. 
3. Taylor BE, et al.  Crit Care Med.  2016;44:390-438. 
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EPaNIC:  Early vs. Late TPN 

Casaer MP, et al.  N Engl J Med.  2011; 365(6):506-17. 
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• Post hoc analysis of EPaNIC trial 
• Looked at mortality and infections between 

early vs late PN in pt subgroups 
– APACHE II Quartiles 
– Excluding cardiac surgery patients 

• Overall Kcal and Glucose vs. protein as kcal 
– Complex statistics to look at kcal to days 3,5, & 7 

Casaer MP, et al.  AJRCCM.  2013; 187:247-55. 
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EPaNIC 

 

Casaer MP, et al.  AJRCCM.  2013; 187:247-55. 

EPaNIC Post hoc:   
Overall Kcal and Alive ICU Discharge 



Summary of Early PN in Critical Illness 

• A little bit of conflicting results 

• No real benefit demonstrated in clinical 
outcomes 

• Although study of early supplemental PN 
demonstrated harm, overall PN is probably safe 

• No real data on PN in malnourished patients or 
subsets of critical illnesses 



How much should we feed 
patients? 

(especially early in critical illness) 



Quantity of Feeds 

• Limited data suggest initiating EN 
w/in 24 hrs is beneficial (esp trauma) 

• But those data don’t address 
quantity of enteral feeding 

• If we start enteral feeds within 24-48 
hours, do we have to get to target or 
goal rates as soon as possible? 



“Trophic” Feeds 

 The minimum amount of enteral nutrition 
required for the mucosal benefits is unknown 

 As little as 10-40% of caloric requirements 
preserves mucosal structure in dogs1 and 
pigs 2 

 Trophic= nourishment or growth 
• Low volume continuous feeds for the purpose of 
nourishing the intestinal mucosa 

1. Owens L, et al.  J of Nutrition.  2002;132:2717-22.          2.  Burrin DG, et al.  Am J Clin Nutr.  2000;71:16   



EN Benefits: Achieved at Different Doses? 
• Non-Nutrition benefits  - Lower dose, needed in all patients 
       Gastrointestinal responses 

 Gut integrity                        Commensal bacteria 
 Gut/lung axis of inflamm    Secretory IgA, GALT tissue 
 Motility/contractility        Trophic effect epithelium 
 Absorptive capacity        Reduced bact virulence  

       Immune responses 
  Modulate regulatory cells  Promote Th-2 >Th-1 lymphocytes 

 Stimulate oral tolerance     Maintain MALT tissue  
  Duod colon receptors        Modulate adhesion molecules  
       Metabolic responses 
  Incretin to   insulin sens    Reduce hyperglycemia (AGES) 

 Attenuate stress metab      Enhance fuel utilization  
• Nutrition benefits – Higher dose, needed in high risk patients 
  Protein, calories           Micronutrients,  anti-oxidants 
  Maintain LBM           Stimulate protein synthesis   

 S McClave, R Martindale, T Rice, D Heyland (CCM 2014;42:2600) 



• 1000 mech vent patients with ALI 
– Mostly Medical – Pneumonia (65%); Sepsis (15%) 
– 38% on vasopressors at enrollment 
– GRV threshold 400 cc 

• Factorial design with n-3 fatty acid / placebo 

• Trophic (N=508) vs. Goal (N=492) for first 6d 

• Primary endpoint: Ventilator-free days 



EDEN: Enteral Feeds Delivered 

* * * * * * 
* * * * * * 

*P<0.001 



EDEN: Percent of Feeding Days with 
Specific GI Intolerances 

0

4

8

12

16

20

Pe
rc

en
t o

f O
n 

St
ud

y 
D

ay
s 

Trophic (N=508)
Full (N=492)

P=0.05 
P<0.001 

P=0.003 
P=0.003 

eFig 1: NHLBI ARDS Network.  JAMA. 2012; 307(8):795. 



EDEN: Outcomes 

P=0.89 

P=0.67 

P=0.77 

NHLBI ARDS Network.  JAMA. 2012; 307(8):795. 



Optimal Initial Amount of Enteral 
Feeding in Critically Ill Patients: 

Systematic Review and Meta-Analysis 

• Meta-analysis of adult ICU patients 

• Initial trophic vs full feeding 

• 4 RCTs (N=1540 participants total) 

• Primary analyses:  Mortality 

Choi EY, Park DA, Park J.  JPEN.  2015;39(3):291-300. 



Optimal Initial Amount of Enteral 
Feeding in Critically Ill Patients: 

Systematic Review and Meta-Analysis 
• No diff in Mortality (OR 0.95; 0.74-1.20; P=0.65) 

• Subgroup analysis: 
– Trophic >33% of goal:  OR 0.61 (0.39-0.97; P=0.04) 

• No difference in Hospital or ICU LOS 

• Serious GI Intolerance:  23% trophic vs 31% 
full (OR 0.66; 0.39-1.12; P=0.12) 

Choi EY, Park DA, Park J.  JPEN.  2015;39(3):291-300. 



• 894 critically ill patients 
– 7 hospitals in Saudia Arabia and Canada 
– 75% medical, 21% non-op trauma  
– 96% MV, 55% on pressors 

• Randomized, open label trial 
• 40-60% goal cal + protein vs 70-100% goal kcal 

for up to 14 days 
• Primary Endpoint: 90 day mortality 

 Arabi YM, et al.  NEJM. 2015;372(25):2398-2408. 
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Arabi YM, et al. AJRCCM.  2017;195(5):652-662. 



• 339 pts from 13 ICUs in Australia / New Zealand 
• Refeeding syndrome = low phos by day 3 of EN 
• RCT, single blind – std vs restricted calories 

– Std: Continue advance to full EN with phos repletion 
– Restricted: 20 kcal/hr until phos repleted (≥ 2 days) 

• 10 outcome: Days alive outside of ICU 
• 65% Medical;  APACHE II 18; 91% ventilated 

Doig GS, et al.  Lancet Resp Med.  2015;3(12):943-52. 
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Needham DM, et al.  BMJ. 2013;346:f1532 



Needham DM, et al.  AJRCCM. 2013;188(5):567-576. 



Dosing of EN 

• No EN if low nutritional risk, low dz severity 
 (NRS 2002 ≤ 3 or Nutric Score ≤5) for first week1,2 

• Trophic or full feeds appropriate for ALI/ARDS and pts 
 expected to be on MV ≥ 72 hrs3 

• Advance to goal as tolerated over 24-48 hrs 
 If high nutrition risk (NRS 2002 ≥5, Nutric ≥6)1,2 
 Attempt to provide > 80% goal4 
 
 

 
 
 

 

1Kondrup J (Clin Nutr 2002)   2Heyland DK (Clin Nutr 2015)    
    3Rice T (JAMA 2012)    4Heyland DK (CCM 2011;39:1) 
 
 
 



Should Indirect Calorimetry Be 
Used to Determine How Much 
to Feed Critically Ill Patients? 



• 2 hospitals in Switzerland 
• 305 pts receiving <60% of target EN on day 3 

– Expected ICU > 5 days; survival > 7 days 
– Excl: on TPN, pregnant, GI dysfxn or ileus 

• Randomized to EN (n=152) vs suppl PN d 4-8 
• Primary Endpoint: Infection b/w d 9-28 
• 61 yo; APACHE 23; 45% surg; 45% infxn on adm 

 
 
 

Heidegger CP, et al.  Lancet.  2013;381:385-93. 



IC: Supplementing EN with PN 

Heidegger CP, et al.  Lancet.  2013;381:385-93. 
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IC: Supplementing EN with PN 

Heidegger CP, et al.  Lancet.  2013;381:385-93. 

27% 

38% 

HR 0.65 (0.43-0.97); P=0.034 



IC: Supplementing EN with PN 

Heidegger CP, et al.  Lancet.  2013;381:385-93. 
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Heidegger CP, et al.  Lancet.  2013;381:385-93. 



• Open-label, RCT at single center in Denmark 
• 199 mech vent pts expected ICU stay > 3 days  

– < 24 hrs from ICU admission; Had central line 
– Excl: BMI < 17 or appeared malnourished 

• Randomized to EGDN (n=100) vs usual care 
• Primary Endpoint: Physical Component 

Summary of SF 36 at 6 months 
Allingstrup MJ, et al.  Intensive Care Med.  2017; Epub ahead of print September 22 



• EGDN (Early Goal Directed Nutrition) – from d1 
– Use Indirect Calorimetry to estimate calorie needs 
– Use Urine Urea Nitrogen to estimate protein needs 
– Use EN and Suppl PN to meet cal and protein needs 

 

• Usual Care 
– Target 25 kcal / kg / day of calories with EN 
– Add supplemental PN on day 7 if not meeting 

Allingstrup MJ, et al.  Intensive Care Med.  2017; Epub ahead of print September 22 



Allingstrup MJ, et al.  Intensive Care Med.  2017; Epub ahead of print September 22 



Allingstrup MJ, et al.  Intensive Care Med.  2017; Epub ahead of print September 22 



Allingstrup MJ, et al.  Intensive Care Med.  2017; Epub ahead of print September 22 

EAT-ICU Study 



Case 

• 55 y.o. male COPD with baseline PaCO2 55, NIDDM, 

HTN, atrial fibrillation (on coumadin) presents with 

pneumonia and septic shock.  He has new renal 

failure with creatinine 5.0.  Intubated in ED, started 

on norepinephrine drip, and admitted to MICU.  On 

70% FiO2, PEEP 12 with a CXR that looks like ARDS. 



Nutrition Questions 
• How should we feed him? 

– Enteral; Gastric 
 

• When should we start feeding him? 
– Right away (assuming some hemodynamic stability) 

 

• What should we feed him? 
• TF “du jour”, +/- protein supplementation 
 

• How much should we feed him (goals)? 
– Trophic vs permissive underfeeding vs. full-calorie; No IC 
 

• What safety measures should we employ? 
– No GRV; Clinical Exam 

 



Summary 
• Nutritional Assessments in respiratory failure are not 

very accurate 

• TPN for first 5 days appears safe, but did not improve 
outcomes 

• Supplementing EN with TPN early in course has 
limited, if any, benefit (and ? harm) 

• Limited data suggest starting EN in first 24 hours 
improves outcomes 

• Initial Trophic or permissive underfeeding EN had 
similar outcomes to targeting full EN 

 



QUESTIONS??? 
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