
Early nutritional support in critical illness:  
evidence, physiology and costs. 

© 2013, University of Sydney, Not for reproduction or distribution without permission. 

Dr Gordon S. Doig, 
Associate Professor in Intensive Care, 

Northern Clinical School Intensive Care Research Unit, 
University of Sydney, Sydney, Australia 

www.EvidenceBased.net 
gdoig@med.usyd.edu.au 

 



 
 
 
 

Summary of this talk 

• Provide a context for this talk. 
 

• Review the most recent clinical evidence on the topic. 
 

• Present some interesting new physiological evidence supporting the 
clinical evidence. 
 

• Conclude. 
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2,287 abstracts. 

465 papers. 

remaining 111 
articles were found to be primary nutritional support 
studies reporting clinically meaningful outcomes (11) 
conducted in critically ill patient populations. 
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Background: Review of the Guidelines 
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Evidence for early EN in critical illness 

Doig GS, Heighes PT, Simpson F, Sweetman EA and Davies AR. Enteral nutrition within 24 h of ICU admission significantly 
reduces mortality: A meta-analysis of RCTs. Intensive Care Medicine 2009 Dec;35(Issue 12):2018-2027. 
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• MEDLINE (http://www.PubMed.org) and EMBASE (http://www.EMBASE.com)  
• Academic and industry experts were contacted,  
• Reference lists of identified systematic reviews and evidence-based guidelines 

were hand searched by at least two authors.  
• The search was not restricted by Language. 
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Chiarelli, 1990: 20 pts, burns 

Kompan, 1999: 36 pts, trauma 

Kompan, 2004: 52 pts, trauma 

Nguyen, 2008: 28 pts, med/surg critically ill 

Chuntrasakul, 1996: 38 pts, trauma 

Pupelis, 2001: 60 pts, severe pancreatitis and peritonitis 
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Results: Primary MA, mortality 

Review: Early EN (<24h) vs Control (Primary Analysis)
Comparison: 01 early EN vs Control                                                                                        
Outcome: 01 Mortality, Intention to treat analysis                                                                     

Study  early EN (<24 h)  Control  OR (fixed)  Weight  OR (fixed)
or sub-category  n/N  n/N  95% CI  %  95% CI

 Chiarelli 1990             0/10               0/10                Not estimable         
 Kompan 1999                0/17               2/19         13.40      0.20 [0.01, 4.47]        
 Kompan 2004                0/27               1/25          8.89      0.30 [0.01, 7.63]        
 Nguyen 2008                6/14               6/14         19.95      1.00 [0.22, 4.47]        
 Chuntrasakul 1996          1/21               3/17         18.38      0.23 [0.02, 2.48]        
 Pupelis 2001               1/30               7/30         39.38      0.11 [0.01, 0.99]        

Total (95% CI) 119                115 100.00      0.34 [0.14, 0.85]
Total events: 8 (early EN (<24 h)), 19 (Control)
Test for heterogeneity: Chi² = 3.20, df = 4 (P = 0.52), I² = 0%
Test for overall effect: Z = 2.31 (P = 0.02)

 0.1  0.2  0.5  1  2  5  10

 Favours EN  Favours Control

Significant reduction in mortality (10% absolute reduction, P=0.02) 

Doig GS, Heighes PT, Simpson F, Sweetman EA and Davies AR. Enteral nutrition within 24 h of ICU admission significantly reduces 
mortality: A meta-analysis of RCTs. Intensive Care Medicine 2009 Dec;35(Issue 12):2018-2027. 



 
 
 
 

Results: Primary MA, Pneumonia 

Review: Early EN (<24h) vs Control (Primary Analysis)
Comparison: 01 early EN vs Control                                                                                        
Outcome: 02 Pneumonia, Intention to treat analysis                                                                     

Study  early EN (<24 h)  Control  OR (fixed)  Weight  OR (fixed)
or sub-category  n/N  n/N  95% CI  %  95% CI

 Kompan 2004                9/27              16/25         70.15      0.28 [0.09, 0.88]        
 Nguyen 2008                3/14               6/14         29.85      0.36 [0.07, 1.91]        

Total (95% CI) 41                 39 100.00      0.31 [0.12, 0.78]
Total events: 12 (early EN (<24 h)), 22 (Control)
Test for heterogeneity: Chi² = 0.06, df = 1 (P = 0.80), I² = 0%
Test for overall effect: Z = 2.47 (P = 0.01)

 0.01  0.1  1  10  100

 Favours treatment  Favours control

Doig GS, Heighes PT, Simpson F, Sweetman EA and Davies AR. Enteral nutrition within 24 h of ICU admission significantly reduces 
mortality: A meta-analysis of RCTs. Intensive Care Medicine 2009 Dec;35(Issue 12):2018-2027. 

Significant reduction in pneumonia (27% absolute reduction, P=0.01) 



 
 
 
 

Results: updated MA, ICU length of stay 

 
Trend towards reduced length of ICU stay with early EN (2.34 days, P = 0.06)  

 

Doig GS, Chevrou-Severac H and Simpson F. Early enteral nutrition in critical illness: A full economic analysis using US costs. 
ClinicoEconomics and Outcomes Research 2013;5:429-436. 

 



 
 
 
 

Results: updated MA, duration of MV 

 

Doig GS, Chevrou-Severac H and Simpson F. Early enteral nutrition in critical illness: A full economic analysis using US costs. 
ClinicoEconomics and Outcomes Research 2013;5:429-436. 

 

Trend towards reduced mechanical ventilation with early EN (2.49 days, P = 0.06)  



Simulation study: Heyland’s 2003 MA 

• We conducted a simulation study to test the appropriateness of key 
assumptions behind our study selection and analysis techniques. 
 

• We duplicated Heyland’s 2003 MA,  
– we used Heyland’s selection process and analysis techniques  
– BUT we only included articles that provided EN within 24 h of 

injury or ICU admission  

Heyland DK, Dhaliwal R, Drover JW, Gramlich L, Dodek P. Canadian clinical practice guidelines for nutrition support in mechanically 
ventilated, critically ill adult patients. JPEN 2003;27(5):355-373. 



Trend towards a reduction in mortality (8% absolute reduction, P=0.08) 

Review: Heyland Early EN 
Comparison: 01 Mortality                                                                                                   
Outcome: 01 Mortality                                                                                                   

Study  Early EN (<60 h)  Control  RR (random)  Weight  RR (random) 
or sub-category  n/N  n/N  95% CI  %  95% CI 

 Chiarelli                   0/10               0/10                 Not estimable          
 Chuntrasakul                1/21               3/17          11.14      0.27 [0.03, 2.37]         
 Eyer                        2/19               2/19          15.27      1.00 [0.16, 6.38]         
 Kompan                      0/14               1/14           5.39      0.33 [0.01, 7.55]         
 Minard                      1/12               4/15          12.42      0.31 [0.04, 2.44]         
 Moore                       1/32               2/31           9.51      0.48 [0.05, 5.07]         
 Pupelis                     1/30               7/30          12.70      0.14 [0.02, 1.09]         
 Singh                       4/21               4/22          33.57      1.05 [0.30, 3.66]         

Total (95% CI) 159                158 100.00      0.52 [0.25, 1.08] 
Total events: 10 (Early EN (<60 h)), 23 (Control) 
Test for heterogeneity: Chi² = 4.05, df = 6 (P = 0.67), I² = 0% 

Test for overall effect: Z = 1.76 (P = 0.08) 
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Total (95% CI) 107                102 100.00      0.26 [0.08, 0.83]

Total events: 3 (Early EN (<60 h)), 13 (Control)
Test for heterogeneity: Chi² = 0.64, df = 3 (P = 0.89), I² = 0%
Test for overall effect: Z = 2.27 (P = 0.02)
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Significant reduction in mortality (10% absolute reduction, P=0.02) 
Therefore, evidence of benefit has been present in our literature since at 

least 2003, if early EN is defined as < 24 h from admission or injury!!! 

Simulation study: Heyland’s 2003 MA 
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• Evidence supporting the presence of a significant mortality benefit from 
the provision of early EN (< 24 h of injury or ICU admission) has been 
present in our literature since 2003. 

• Updated systematic review of the literature suggests early EN results in 
an 8 to 10% absolute reduction in mortality (P = 0.02). 
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• Evidence supporting the presence of a significant mortality benefit from 
the provision of early EN (< 24 h of injury or ICU admission) has been 
present in our literature since 2003. 

• Updated systematic review of the literature suggests early EN results in 
an 8 to 10% absolute reduction in mortality (P = 0.02). 

• Pneumonia was significantly reduced. 

• Strong trend towards a reduction in duration of mechanical ventilation. 

• Strong trend towards a reduction in ICU stay. 

• There were no suggestions of any increase in any adverse events or 
harms. 
 Doig GS, Heighes PT, Simpson F, Sweetman EA and Davies AR. Enteral nutrition within 24 h of ICU admission significantly reduces 

mortality: A meta-analysis of RCTs. Intensive Care Medicine 2009 Dec;35(Issue 12):2018-2027. 
Doig GS, Chevrou-Severac H and Simpson F. Early enteral nutrition in critical illness: A full economic analysis using US costs. 

ClinicoEconomics and Outcomes Research 2013;5:429-436. 
 



 
 
 
 

Evidence-Based Guidelines for Nutritional Support of the Critically Ill: Results of a Bi-National Guideline Development 
Conference. First Edition. Doig GS and Simpson F. EvidenceBased.net, Sydney, Australia 2005. (ISBN 0-9756039-1-4). 



 
 
 
 

Evidence-Based Guidelines for Nutritional Support of the Critically Ill: Results of a Bi-National Guideline Development 
Conference. First Edition. Doig GS and Simpson F. EvidenceBased.net, Sydney, Australia 2005. (ISBN 0-9756039-1-4). 



 
 
 
 

Doig GS, Simpson F, Finfer S, Delaney A, Davies AR, Mitchell I and Dobb G for the Nutrition Guidelines Investigators of the 
ANZICS Clinical Trials Group. Effect of evidence-based feeding guidelines on mortality of critically ill patients: a cluster 
randomized controlled trial. JAMA 2008 Dec 17;300(23):2731-41. 



 
 
 
 

Evidence-Based Guidelines for Nutritional Support of the Critically Ill: Results of a Bi-National Guideline Development 
Conference. First Edition. Doig GS and Simpson F. EvidenceBased.net, Sydney, Australia 2005. (ISBN 0-9756039-1-4). 



 
 
 
 

Evidence-Based Guidelines for Nutritional Support of the Critically Ill: Results of a Bi-National Guideline Development 
Conference. First Edition. Doig GS and Simpson F. EvidenceBased.net, Sydney, Australia 2005. (ISBN 0-9756039-1-4). 



 
 
 
 

Evidence-Based Guidelines for Nutritional Support of the Critically Ill: Results of a Bi-National Guideline Development 
Conference. First Edition. Doig GS and Simpson F. EvidenceBased.net, Sydney, Australia 2005. (ISBN 0-9756039-1-4). 



Background: Review of the Guidelines 

• Early parenteral feeding was popularised in the early ‘80s. 

Rapp RP, Young B, Twyman D, Bivins BA, Haack D, Tibbs PA, Bean JR.  The favorable effect of early parenteral feeding on survival in 
head injured patients. J Neurosurg 1983;58:906–912 

 
 
 
 
 
 



Background: Review of the Guidelines 

• Early parenteral feeding was popularised in the early ‘80s. 
• Three major clinical practice guidelines recommend early PN. 

Rapp RP, Young B, Twyman D, Bivins BA, Haack D, Tibbs PA, Bean JR.  The favorable effect of early parenteral feeding on survival in 
head injured patients. J Neurosurg 1983;58:906–912 

 
 
 
 
 
 



Background: Review of the Guidelines 

• Early parenteral feeding was popularised in the early ‘80s. 
• Three major clinical practice guidelines recommend early PN. 

– ACCEPT guideline (also Canadian), 

Rapp RP, Young B, Twyman D, Bivins BA, Haack D, Tibbs PA, Bean JR.  The favorable effect of early parenteral feeding on survival in 
head injured patients. J Neurosurg 1983;58:906–912 

Martin CM, Doig GS, Heyland DK, Morrison T and Sibbald WJ. Multicentre, cluster randomized clinical trial of algorithms for critical 
care enteral and parenteral therapy (ACCEPT). CMAJ 2004;170(2):197-204. 

 
 
 
 
 
 



Background: Review of the Guidelines 

• Early parenteral feeding was popularised in the early ‘80s. 
• Three major clinical practice guidelines recommend early PN. 

– ACCEPT guideline (also Canadian), 
– Australian and New Zealand guideline,  

Rapp RP, Young B, Twyman D, Bivins BA, Haack D, Tibbs PA, Bean JR.  The favorable effect of early parenteral feeding on survival in 
head injured patients. J Neurosurg 1983;58:906–912 

Martin CM, Doig GS, Heyland DK, Morrison T and Sibbald WJ. Multicentre, cluster randomized clinical trial of algorithms for critical 
care enteral and parenteral therapy (ACCEPT). CMAJ 2004;170(2):197-204. 

Doig GS and Simpson F. Evidence-based guidelines for nutritional support of the critically ill: Results of a bi-national guidelines 
development conference.  First Edition, EvidenceBased.net , Sydney, Australia, 2005. 

 
 
 
 
 
 



Background: Review of the Guidelines 

• Early parenteral feeding was popularised in the early ‘80s. 
• Three major clinical practice guidelines recommend early PN. 

– ACCEPT guideline (also Canadian), 
– Australian and New Zealand guideline,  
– European (ESPEN) guideline  

Rapp RP, Young B, Twyman D, Bivins BA, Haack D, Tibbs PA, Bean JR.  The favorable effect of early parenteral feeding on survival in 
head injured patients. J Neurosurg 1983;58:906–912 

Martin CM, Doig GS, Heyland DK, Morrison T and Sibbald WJ. Multicentre, cluster randomized clinical trial of algorithms for critical 
care enteral and parenteral therapy (ACCEPT). CMAJ 2004;170(2):197-204. 

Doig GS and Simpson F. Evidence-based guidelines for nutritional support of the critically ill: Results of a bi-national guidelines 
development conference.  First Edition, EvidenceBased.net , Sydney, Australia, 2005. 

Kreymann KG, Berger MM, Deutz NE,  et al. ESPEN Guidelines on Enteral Nutrition: Intensive care. Clinical Nutrition 2006;25: 210–
223. 

 
 
 
 
 
 



Background: Review of the Guidelines 

• Early parenteral feeding was popularised in the early ‘80s. 
• Three major clinical practice guidelines recommend early PN. 

– ACCEPT guideline (also Canadian), 
– Australian and New Zealand guideline,  
– European (ESPEN) guideline   

Rapp RP, Young B, Twyman D, Bivins BA, Haack D, Tibbs PA, Bean JR.  The favorable effect of early parenteral feeding on survival in 
head injured patients. J Neurosurg 1983;58:906–912 

Martin CM, Doig GS, Heyland DK, Morrison T and Sibbald WJ. Multicentre, cluster randomized clinical trial of algorithms for critical 
care enteral and parenteral therapy (ACCEPT). CMAJ 2004;170(2):197-204. 

Doig GS and Simpson F. Evidence-based guidelines for nutritional support of the critically ill: Results of a bi-national guidelines 
development conference.  First Edition, EvidenceBased.net , Sydney, Australia, 2005. 

Kreymann KG, Berger MM, Deutz NE,  et al. ESPEN Guidelines on Enteral Nutrition: Intensive care. Clinical Nutrition 2006;25: 210–
223. 

 
 
 
 
 
 

 
< 24 h 
< 24 h 
< 24 h 

 
Significant evidence. 
Significant evidence. 
Significant evidence. 



 
 
 
 

Simpson F and Doig GS. Parenteral vs. enteral nutrition in the critically ill patient: A  meta-analysis of high-quality trials. 
Intensive Care Med  2005;31(1):12-23 



 
 
 
 

Background 
Review: TPN vs EN
Comparison: 01 TPN vs. EN Sensitivity Analysis                                                                            
Outcome: 01 Mortality                                                                                                  

Study  TPN  EN  OR (fixed)  Weight  OR (fixed)
or sub-category  n/N  n/N  95% CI  %  95% CI

01 Early EN (<24 hrs post ICU admission or injury)
 Adams                      3/23               1/23          2.23      3.30 [0.32, 34.35]       
 Dunham                     2/16               1/12          2.57      1.57 [0.13, 19.67]       
 Gianotti                   2/87               2/87          5.02      1.00 [0.14, 7.26]        
 Kudsk                      0/34               1/34          3.80      0.32 [0.01, 8.23]        
 Rayes                      0/30               0/30                Not estimable         
 Reynolds                   1/34               2/33          5.06      0.47 [0.04, 5.44]        
Subtotal (95% CI) 224                219  18.67      1.07 [0.39, 2.95]
Total events: 8 (TPN), 7 (EN)
Test for heterogeneity: Chi² = 1.94, df = 4 (P = 0.75), I² = 0%
Test for overall effect: Z = 0.14 (P = 0.89)

02 Late EN
 Borzotta                   2/23               9/36         16.45      0.29 [0.06, 1.47]        
 Cerra                     10/37               9/33         17.82      0.99 [0.34, 2.84]        
 Kalfarentzos               2/20               3/20          6.93      0.63 [0.09, 4.24]        
 Rapp                       3/20               9/18         20.67      0.18 [0.04, 0.82]        
 Woodcock                   5/21               9/17         19.46      0.28 [0.07, 1.11]        
Subtotal (95% CI) 121                124  81.33      0.44 [0.24, 0.81]
Total events: 22 (TPN), 39 (EN)
Test for heterogeneity: Chi² = 4.44, df = 4 (P = 0.35), I² = 10.0%
Test for overall effect: Z = 2.63 (P = 0.008)

Total (95% CI) 345                343 100.00      0.56 [0.33, 0.93]
Total events: 30 (TPN), 46 (EN)
Test for heterogeneity: Chi² = 8.23, df = 9 (P = 0.51), I² = 0%
Test for overall effect: Z = 2.22 (P = 0.03)

 0.1  0.2  0.5  1  2  5  10

 Favours TPN  Favours EN

Simpson F and Doig GS. Parenteral vs. enteral nutrition in the critically ill patient: A  meta-analysis of high-quality trials. 
Intensive Care Med  2005;31(1):12-23 



 
 
 

Doig GS, Simpson F, Sweetman EA et al. Early parenteral nutrition in critically ill patients with short-term contraindications 
to early enteral nutrition: A randomized controlled trial. JAMA 2013;309(20):2130-8  



 
 
 
 

Early PN Trial 
Hypothesis: 
In patients who have a short-term relative contraindication to early 

enteral nutrition,  the provision of early parenteral nutrition (within 
24 hours of ICU admission) reduces 60-day landmark mortality, and 
associated measures of morbidity, compared to pragmatic standard 
care. 
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Hypothesis: 
In patients who have a short-term relative contraindication to early 

enteral nutrition,  the provision of early parenteral nutrition (within 
24 hours of ICU admission) reduces 60-day landmark mortality, and 
associated measures of morbidity, compared to pragmatic standard 
care. 

Complete inclusion criteria: 
• Adult patients admitted to ICU for less than 24 h. 
• Expected to remain in ICU today and tomorrow. 
• Not expected to receive enteral, parenteral or oral intake today or 

tomorrow. 
• Has a central venous access line through which parenteral nutrition 

could be delivered. 
 www.evidencebased.net/EarlyPN 



 
 
 
 

Early PN Trial 

Study Intervention 
• Patients received standard PN supplied by Fresenius Kabi 

• Kabiven G19%, ready-to-mix 3-chamber bag containing 34g amino acids (Vamin 18 
Novum), 100g glucose (Glucose 19%), 40g lipid (Intralipid 20%)/ 1026mls, 0.9kcal/ml, and 
electrolytes 

• Starting rates and daily rate increases were defined by study protocols 
designed to reflect normal care in Australia and New Zealand. 
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• Starting rates and daily rate increases were defined by study protocols 
designed to reflect normal care in Australia and New Zealand. 

 
Pragmatic Standard Care  
• The attending clinician selected the route, starting rate, metabolic targets, 

measures of tolerance and composition of feeds to be used in standard care 
patients based on current practice in their ICU.  

 



 
 
 
 

Early PN Trial 

© 2013, University of Sydney, Not for  reproduction or distribution. 

• Recruitment ran from 19th October 2006 to 30th June 2011. 
• 31 participating hospitals throughout Australia and New Zealand. 
• 1,363 patients were enrolled and randomised 

• 682 received pragmatic standard care 
• 681 received early parenteral nutrition 
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Who got into the trial: 
Main types of patients enrolled: 

• 234 (17%) GI perforation (surgical),  
• 140 (10%) GI obstruction (surgical or medical management),  
• 98 (7%) ruptured aorta (surgical),  
• 91 (7%) GI neoplasm (surgical),  
• 91 (7%) other GI (surgical),  
• 87 (6%) Sepsis other than urinary (med),  
• 62 (5%) GI bleeding (med/surg),  

Mortality at Day 60:   301/1358 (22.2%) 
Average ICU stay:  8.9 days 
Average hospital stay:  25.0 days 

This is a critically ill patient population. 

© 2013, University of Sydney, Not for  reproduction or distribution. 



a 5 patients (2 Standard Care, 3 Early PN) could not be contacted on study Day 60 to determine vital status. 
Considered ‘missing at random’ for ITT Primary and Adjusted primary outcome analysis. 
 

b Multivariate model controlled for confounding due to baseline imbalance and strong predictors: Age, gender, 
BMI, APACHE 2 score, Chronic Liver, Chronic Respiratory and Source of Admission. 
 
#Bender R, Vervolgyi V. Estimating adjusted NNTs in randomised controlled trials with binary outcomes: A simulation 
study. Contemporary Clinical Trials 2010;31:498-505. 
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a new infections based on cultures obtained in the study ICU. 
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a new infections based on cultures obtained in the study ICU. 
c  venous or arterial catheters 
e CPIS ≥ 6 plus detection (by staining or culture) of a likely pulmonary pathogen in respiratory secretions (expectorated sputum, 
endotracheal or bronchoscopic aspirate, or quantitatively cultured bronchoscopic BAL fluid or brush catheter specimen), or the 
presence of a negative lower respiratory tract culture if collected within 72hrs after starting a new antibiotic regimen. 
f CPIS ≥ 6 (using a Gram stain of a lower respiratory tract sample) plus a definite cause established by the recovery of a probable 
etiologic agent from a) an uncontaminated specimen (blood, pleural fluid, transtracheal aspirate, or transthoracic aspirate); b) the 
recovery from respiratory secretions of a likely pathogen that does not colonize the upper airways (e.g., Mycobacterium tuberculosis, 
Legionella species, influenza virus, or Pneumocystis jiroveci (carinii); c) recovery of a likely/possible respiratory pathogen in cultures 
of a lower respiratory tract sample (endotracheal aspirate, BAL, or protected specimen brush); or d) positive serology. 
g Attributable excess case mortality greater than 15%. 
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• Meta-analysis of previous clinical trials demonstrates mortality benefit. 
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Clinical evidence supporting early PN (< 24 h) 

Simpson F and Doig GS. Parenteral vs. enteral nutrition in the critically ill patient: A  meta-analysis of high-quality trials. 
Intensive Care Med  2005;31(1):12-23 
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• Large-scale clinical trial did not find a difference in 60-day mortality: 

• Best estimate of treatment effect, adjusted for confounding, suggests 
Early PN may not alter mortality (0.0%, 95%CI -4.2% to 4.3%).  
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• Meta-analysis of previous clinical trials demonstrates mortality benefit. 
• Large-scale clinical trial did not find a difference in 60-day mortality: 

• Best estimate of treatment effect, adjusted for confounding, suggests 
Early PN may not alter mortality (0.0%, 95%CI -4.2% to 4.3%).  

• Early PN patients required significantly fewer ventilator days (1.1 days, p = 
0.009) and there was a trend towards a shorter ICU stay (0.75 days, p=0.06).  

• No difference in any type of infectious complications. 
• No significant harmful effects attributable to the use of Early PN. 
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$1,000,000 question: 

HOW could early nutrition reduce infectious complications, mortality, 
duration of ventilation and ICU stay? 
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1. Could early EN reduce infectious complications and mortality?  
 
 
 



 
 
 
 

The gut as the motor of MODs 

With the onset of critical illness: 
• Loss of functional and structural integrity of the intestinal epithelium. 

 
 
 

Clark JA and Coopersmith CM. Intestinal crosstalk – a new paradigm for understanding the gut as the “motor” of critical 
illness. Shock 2007;28(4):384-393. 
 
 



 
 
 
 

The gut as the motor of MODs: recent advances 

Recent advances in our understanding: 
 
1. Paneth cell function. 

 
2. Intestinal Alkaline Phosphatase. 



 
 
 
 

Paneth cells 

Vaishnava S, Behrendt CL, Ismail AS, Eckmann L, Hooper LV: Paneth cells directly sense gut commensals and maintain homeostasis at 
the intestinal host-microbial interface. Proc Natl Acad Sci U S A 2008, 105:20858–20863 

• Highly specialized epithelial cells 
located in the crypts of the small 
intestine. 



 
 
 
 

Paneth cells 

• Highly specialized epithelial cells 
located in the crypts of the small 
intestine. 

Vaishnava S, Behrendt CL, Ismail AS, Eckmann L, Hooper LV: Paneth cells directly sense gut commensals and maintain homeostasis at 
the intestinal host-microbial interface. Proc Natl Acad Sci U S A 2008, 105:20858–20863 



 
 
 
 

Paneth cells 

• Highly specialized epithelial cells 
located in the crypts of the small 
intestine. 

• Paneth cells are the main producers 
of antimicrobial proteins in the gut. 

Vaishnava S, Behrendt CL, Ismail AS, Eckmann L, Hooper LV: Paneth cells directly sense gut commensals and maintain homeostasis at 
the intestinal host-microbial interface. Proc Natl Acad Sci U S A 2008, 105:20858–20863 



 
 
 
 

Paneth cells 

• Highly specialized epithelial cells 
located in the crypts of the small 
intestine. 

• Paneth cells are the main producers 
of antimicrobial proteins in the gut. 

• ‘Sense’ bacterial cells and secrete 
granules containing antimicrobial 
peptides. 

• Lysozyme , α-defensins plus  

Vaishnava S, Behrendt CL, Ismail AS, Eckmann L, Hooper LV: Paneth cells directly sense gut commensals and maintain homeostasis at 
the intestinal host-microbial interface. Proc Natl Acad Sci U S A 2008, 105:20858–20863 

                                                                others 



 
 
 
 

Paneth cells 

• Highly specialized epithelial cells 
located in the crypts of the small 
intestine. 

• Paneth cells are the main producers 
of antimicrobial proteins in the gut. 

• ‘Sense’ bacterial cells and secrete 
granules containing antimicrobial 
peptides. 

• Lysozyme , α-defensins plus  

Vaishnava S, Behrendt CL, Ismail AS, Eckmann L, Hooper LV: Paneth cells directly sense gut commensals and maintain homeostasis at 
the intestinal host-microbial interface. Proc Natl Acad Sci U S A 2008, 105:20858–20863 

                                                                others 
• Play a crucial role in preventing bacterial translocation in situations of 

physical intestinal barrier loss. 



 
 
 
 

Paneth cells and fasting 

Hodin CM, Lenaerts K, Grootjans J, de Haan JJ, Hadfoune M, Verheyen FK, Kiyama H, Keineman E and Buurman WA. Starvation 
compromises Paneth Cells. Am J Path 2011;179:2885-2893. 

• 30 male C57BL/6 mice aged 12 weeks were randomised to 48 h of food 
restriction (fasting) or standard ad libetum food access. 
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• 30 male C57BL/6 mice aged 12 weeks were randomised to 48 h of food 
restriction (fasting) or standard ad libetum food access. 

• After 48 h, all mice were anesthetized with ketamine / xylazine and 
sacrificed by bleeding. 

• Mesenteric lymph nodes and ileum were instantly harvested and 
prepared for study. 
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Paneth cells and fasting 

• Fasting led to a significant reduction of lysozyme expression (P<0.01 by 
quantitative western blot assay and quantitative PCR for lysozyme 
mRNA). 

• Why? 

Hodin CM, Lenaerts K, Grootjans J, de Haan JJ, Hadfoune M, Verheyen FK, Kiyama H, Keineman E and Buurman WA. Starvation 
compromises Paneth Cells. Am J Path 2011;179:2885-2893. 
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Paneth cells and fasting 

• Fasting led to significant increase in autophagy activity in Paneth cells, 
with more late-stage degradative autophagolysosomes. 

Hodin CM, Lenaerts K, Grootjans J, de Haan JJ, Hadfoune M, Verheyen FK, Kiyama H, Keineman E and Buurman WA. Starvation 
compromises Paneth Cells. Am J Path 2011;179:2885-2893. 
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Focusing on autophagy. Nature Cell Biology 2010;12:813. 
Derde S, Vanhorebeek I, Guiza F, Derse I, Gunst J, Fahrenkrog B, Martinet W, Vervenne H, Ververs E-J, Larsson L and Van den Berghe G. 
 Early parenteral nutrition evokes a phenotype of autophagy deficiency in liver and skeletal muscle of critically ill rabbits. Endocrinology 

1012;153: (ePub ahead of print). 

• Autophagy is induced in all cells on starvation and serves to mobilize 
amino acids for transport to the liver to fuel gluconeogenesis. 

• Paneth cells are the main producers of antimicrobial peptides in the 
intestine. 

• Autophagocytosis of the Paneth cells appears to compromise their 
important immune function, as demonstrated by a reduction in 
antimicrobial peptide production and increase in bacterial translocation. 

Starvation conditions are known to enhance protein breakdown by 
autophagy, whereas systemic amino acids (continued feeds ad lib), 
inhibit autophagocytosis.  
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in the duodenum 
 

• iAP is capable of ‘detoxifying’ Gram negative bacteria by 
dephosphorylating the lipid A moiety of the lipopolysaccharide (LPS) in 
their cell walls. 
 

• iAP is secreted into the gut lumen and remains functional as it is carried 
distally through the lumen of the small and large intestine. 



iAP and severe peritonitis 

Ebrahimi F, Malo MS, Alam SN, Moss AK, Yammine H, Ramasamy S, Biswas B, Chen KT, Muhammad N, Mostafa G, Warren HS, Hohmann 
EL and Hodin R. Local peritoneal irrigation with intestinal alkaline phosphatase is protective against peritonitis in mice. J 
Gastrointest Surg 2011;15:860-869. 

• 90 C57BL/6 mice were randomly divided into 6 group: 
• 15 Sham surgical procedure 
• 15 Cecal-ligation and perforation (CLP) + control i.p. saline injection 
• 15 CLP +  5 IU i.p. iAP injection 
• 15 CLP +  10 IU i.p. iAP injection 
• 15 CLP +  25 IU i.p. iAP injection 
• 15 CLP +  50 IU i.p. iAP injection 

• Survival rates were determined up to 7 days post CLP surgery. 
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p < 0.001 
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Ebrahimi F, Malo MS, Alam SN, Moss AK, Yammine H, Ramasamy S, Biswas B, Chen KT, Muhammad N, Mostafa G, Warren HS, Hohmann 
EL and Hodin R. Local peritoneal irrigation with intestinal alkaline phosphatase is protective against peritonitis in mice. J 
Gastrointest Surg 2011;15:860-869. 

• peritoneal injection of iAP was found to be protective in a lethal model 
of abdominal peritonitis leading to sepsis] 
 

• measures of inflammation and deaths were reduced (IL-6 and TNF-α) 
 

iAP has very strong anti-gram negative activity. 
 



iAP and fasting 

Goldberg RF, Auster WG, Zhang X, Munene G, Mostafa G, Biswas S, McCormack M, Eberlin KR, Nguyen JT, Tatilded HS, Warren HS, 
Narisawa S, Millan JL and Hodin RA. Intestinal alkaline phosphatase is a gut mucosal defense factor maintained by enteral nutrition. 
Proceedings of the National Academy of Science 2008;105:3551-3556.  

• 15 C57BL/6 mice randomly assigned to 3 groups: 
• Fed for 2 days (n = 5) 
• Fasted for 2 days (n = 5) 
• Fasted for 2 days then fed for 2 days (n = 5) 

 
• Segments of bowel studied for iAP levels and iAP activity (LPS 

dephosphorylation) 
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• Fasting results in a reduction in iAP levels and iAP functional activity. 
 

• iAP levels and function can be returned to normal by enteral feeding 
after fasting.  
 
 



 
 
 
 

$1,000,000 question: 

HOW could early nutrition reduce infectious complications, mortality, 
duration of ventilation and ICU stay? 

 
1. Could early EN reduce infectious complications and mortality?  
 
 
 



 
 
 
 

$1,000,000 question: 

HOW could early nutrition reduce infectious complications, mortality, 
duration of ventilation and ICU stay? 

 
1. Could early EN reduce infectious complications and mortality?  
 
It is plausible that early EN could help prevent or ameliorate lesions 

leading to a compromised gut host defense system (Paneth cells, iAP 
etc) thus reducing infectious complications which confers a mortality 
advantage.  

 
 



 
 
 
 

$1,000,000 question: 

HOW could early nutrition reduce infectious complications, mortality, 
duration of ventilation and ICU stay? 

 
1. Could early EN reduce infectious complications and mortality?  
 
2. Could early nutrition support reduce duration of ventilation and ICU 

stay? 
 



 
 
 
 

Body composition: Changes over time 
• Mild to Moderate evidence of muscle (and fat) loss during critical illness 



• 38 – 88% of critically ill patients are malnourished at admission. 

 

Kim H, Stotts N, Froelicher E, Engler  M and Porter C. Why patients in critical care do not receive adequate enteral nutrition? A 
review of the literature. J Crit Care 2012;27:702-713. 

Body composition: Changes over time 



• 38 – 88% of critically ill patients are malnourished at admission. 

• Even well nourished and well fed major trauma patients lose 15.5% of their 
total body protein over the first three weeks of their ICU stay 

– Majority of loss coming from skeletal muscle early during the ICU stay (up 
to 1.2% per day).  

 

Kim H, Stotts N, Froelicher E, Engler  M and Porter C. Why patients in critical care do not receive adequate enteral nutrition? A 
review of the literature. J Crit Care 2012;27:702-713. 

Monk DN, Plank LD, Franch-Arcas G, Finn PJ, Streat SJ, Hill GL. Sequential changes in the metabolic response in critically 
injured patients during the first 25 days after blunt trauma. Ann Surg 1996;223(4):395-405. 
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Body composition 
ICU admission: 
• Enrolment within 24 h of admit 
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Body composition measures obtained at enrolment and 
every Monday and Thursday while in study ICU: 

• MAMC, SGA muscle wasting, SGA fat store loss  
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p < 0.0001 change over time 
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• Disuse atrophy evident on biopsy after as little as 18 h of mechanical ventilation 

• Consistent with increased proteolysis 
“we speculate that blocking or attenuating diaphragm proteolytic pathways in patients on 

mechanical ventilation might mitigate the weaning problems that occur in some patients.” 
• Significant increase in presence of autophagosomes (autophagy) by electron 

micrograph of diaphragmatic biopsies after as little as 15 h of mechanical ventilation 
• Amino acids inhibit autophagy rapidly (within 20 minutes) and greatly (up to fivefold) 

Grosu HB, Lee YI, Lee J, Eden E, Eikermann M, Rose KM. Diaphragm muscle thinning in patients who are mechanically ventilated. 
Chest 2012 Dec;142(6):1455-60. 

Levine S, Nguyen T, Taylor N, et al. Rapid disuse atrophy of diaphragm fibers in mechanically ventilated humans. N Engl J Med. 
2008 Mar 27;358(13):1327-35. 

 Hussain SN, Mofarrahi M, Sigala I, et al. Mechanical ventilation-induced diaphragm disuse in humans triggers autophagy. Am J 
Respir Crit Care Med. 2010 Dec 1;182(11):1377-86. 

Alfred J. Meijer. “Amino Acid Regulation of Autophagosome Formation” From: Methods in Molecular Biology, vol. 445: 
Autophagosome and Phagosome. V. Deretic (Ed),  2008, Humana Press, Totowa, NJ 
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Fully factorial repeated measures ANOVA:  
p < 0.0001 change over time, p =0.014 difference between groups (0.16 grade per week) 
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$1,000,000 question: 

HOW could early nutrition reduce infectious complications, mortality, 
duration of ventilation and ICU stay? 

 
1. Could early EN reduce infectious complications and mortality?  
 
2. Could early nutrition support reduce duration of ventilation and ICU 

stay? 
Given evidence of skeletal muscle sparing, it is plausible that 

Early nutrition (EN or PN) attenuates diaphragmatic 
proteolysis (autophagy), mitigating diaphragmatic loss, 
leading to improved weaning. 
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Summary 

Meta-analysis and large-scale clinical trials demonstrate reduced infectious 
complications, reduced mortality, reduced duration of ventilation and 
reduced ICU stay attributable to early nutrition support, provided within 
24 h of the onset of critical illness or major injury. 

Recent physiological evidence provides reasonable mechanistic hypotheses 
supporting these clinical benefits. 

Full economic analyses based on large-scale Monte Carlo simulations of 
stochastic cost models demonstrate clinical benefits can be achieved 
whilst at the same time reducing costs.  

• EN US$14,462 (95% CI $5,464 to $23,669) savings per patient treated 
• PN US$3,150 (95% CI $1,314 to $4,990) savings per patient treated 

 Doig GS and Simpson F. Early parenteral nutrition in critically ill patients with short-term contraindications to early enteral 
nutrition: a full economic analysis of a multicenter randomized controlled trial based on US costs. ClinicoEconomics 
and Outcomes Research 2013;5:369-379. 

Doig GS, Chevrou-Severac H and Simpson F. Early enteral nutrition in critical illness: A full economic analysis using US 
costs. ClinicoEconomics and Outcomes Research 2013;5:429-436. 
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• If your data suggests you could improve practice, Phase II of the project will help you 
improve by providing you with a comprehensive change management strategy to focus on 
the aspect of nutrition therapy that needs change. 

 
• No costs involved (to you or your hospital). 
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Meta-analysis and large-scale clinical trials demonstrate reduced infectious 
complications, reduced mortality, reduced duration of ventilation and 
reduced ICU stay attributable to early nutrition support, provided within 
24 h of the onset of critical illness or major injury. 

Recent physiological evidence provides reasonable mechanistic hypotheses 
supporting these clinical benefits. 

Full economic analyses based on large-scale Monte Carlo simulations of 
stochastic cost models demonstrate clinical benefits can be achieved 
whilst at the same time reducing costs.  

• EN US$14,462 (95% CI $5,464 to $23,669) savings per patient treated 
• PN US$3,150 (95% CI $1,314 to $4,990) savings per patient treated 

 Doig GS and Simpson F. Early parenteral nutrition in critically ill patients with short-term contraindications to early enteral 
nutrition: a full economic analysis of a multicenter randomized controlled trial based on US costs. ClinicoEconomics 
and Outcomes Research 2013;5:369-379. 

Doig GS, Chevrou-Severac H and Simpson F. Early enteral nutrition in critical illness: A full economic analysis using US 
costs. ClinicoEconomics and Outcomes Research 2013;5:429-436. 
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Questions? 



Autophagy and fasting 

Autophagy 
A catabolic process that delivers intracellular constituents sequesterd in double-

membrane vesicles to lysosomes for degradation. 
  
 
 
 
 
 
 
“In nutrient deprivation, autophagy activates bulk protein degradation to harvest amino 

acids as a fuel for ATP production through the tricarboxylic acid (TCA) cycle.” 

Kook Hwan Kim & Myung-Shik Lee. Autophagy as a crosstalk mediator of metabolic organs in regulation of energy metabolism. 
Rev Endocr Metab Disord. 2013 Oct 2. [Epub ahead of print] 

Autophagy 
   
 
First described to be induced during nutrient starvation 

approximately 50 years ago. 
Eliminates damaged proteins and organelles tagged with ubiquitin, 

complementing the ubiquitin-proteasome system. 
Plays a crucial role in development, differentiation, aging, 

infection, cancer, neurodegeneration, insulin resistance, 
obesity, and diabetes. 



 
 
 
 

Metabolism in critical illness 
Glycogenolysis 
• Generation of glucose from glycogen  

• Muscle glycogen likely only available to muscle 
• Liver stores approx 100 g to 120 g 
• Other sources (RBCs, WBCs, kidneys, glial cells) store no more than 20 to 50 g 
• Total energy (not including muscle)  

= 4 kcals/g x 170 g  
= 680 kcals 

Gluconeogenesis 
• Generation of glucose from non-carbohydrate substrates 

•  pyruvate, lactate, glycerol, odd-chain fatty acids and gluconeogenic amino acids 



 
 
 
 

How was early (< 24 h) EN initiation achieved? 
Study Patient population Early EN intervention

Chiarelli
1990

Thermal injury (25% to
60% TBSA). No
inhalational injury.
Mean survival probability
0.73±0.10.

Immediately after admission: 50 ml/h ‘homemade’ EN
(1900kcal/L and 79 g protein/L) via NGT increasing over 3-4
days. Goals set with Curreri formula. Rate did not exceed 150
ml/h.

Chuntrasakul
1996

Trauma (ISS > 20 and <
40).
Mean ISS 29±1.5

Immediately after resuscitation or surgery: 30 mls/h ¾-
strength EN (Traumacal™) via NGT, concentration increased
over time. Goals estimated using modified Harris-Benedict
equation. TPN was added if goals were not met.

Kompan
1999

Trauma (ISS > 25)
Mean ISS 33.6±10
Mean APACHE II
11.5±5.8

Immediately after resuscitation: EN (Jevity™) started at 20
ml/h via NGT. Increased to 50% of estimated goal on Day 1,
75% of estimated goal on Day 2 and 100% of goal on Day 3.
Estimated goal was set at 25-35 nonprotein kcal/kg per day
and 0.2 – 0.3 g nitrogen / kg per day at 72 hours post ICU
admission. TPN was added to meet estimated requirements.

Pupelis
2001

Severe pancreatitis and
peritonitis
Mean APACHE II
11.5±5.4

Within 12 h of surgery: EN (Nutrison Standard™ or Nutrison
Pepti™) via NJT started at 20-25ml/h. Increase based in
individual tolerance to 1 L per day by Day 3 post-op. Patients
also received an average of 500kcals/day from IV dextrose.

Kompan
2004

Trauma (ISS > 20).
Mean APACHE II
11.3±4.8

Immediately after resuscitation: Same protocol as Kompan
1999 except goal set at an average of 25 nonprotein kcal/kg.

Nguyen
2008

Mechanically ventilated
ICU patients
APACHE II
22.4±1.2

Within 24 h of admission: EN via NGT at 40 ml/h and
increased by 20ml/h q6h to goal, if tolerated (aspirates
<250mls). Goal was determined by a dietitian, based on
patient’s BMI.



 
 
 
 

Immediately after resuscitation: 

Doig GS and Heighes PT. A Change Management Perspective on a Novel Meta-Analysis: Early Enteral 
Nutrition in Trauma Patients. ICU Management Forum, 2011;11(3):26-29. 

Stable shock can be defined as: 
 
Shock Index ≤ 1 (heart rate ÷ systolic blood pressure = Shock Index)  
 
or  
 
Systolic blood pressure > 90 mmHg or mean blood pressure > 70 

mmHg for at least one hour. 
 
 



 
 
 
 

Should I trust a meta-analysis? 
• Searched NEJM, Lancet, Annals and JAMA for all large Level I trials ( > 1,000 

patients with appropriate sample size estimates) published between 1991 and 
1994. 

• Searched for meta-analyses on the same topic as each trial, published prior to 
the trial’s conduct. 

• 12 large Level I trials were matched to 19 corresponding meta-analyses. 
Most important findings: 
• None of the meta-analyses originally demonstrating significant benefit were 

later shown to be causing significant harm. 
 
 

LeLorier J, Gregoire G, Benhadddad A, Lapierre J and Derderian F. Discrepancies between meta-analyses and subsequent large randomized, 
controlled trials. N Eng J Med 1997;337:536-542. 



 
 
 
 

Detailed reasons for trial exclusion from our MA 

Trial Name  Reasons for exclusion DH MA 
Eyer 1993 1. Excessive ltf: 27% (14/52 pts ltf, missing) 

2. Early EN not started within 24 h of injury or ICU admit (Early EN average time 31 hours) 
Ö 

Minard 2000 
1. Early EN not started within 24 h of injury or ICU admit  
(Early EN defined as within 60 hours, average time 33 h) 

2. Patients received immune-enhanced EN (Impact), not standard EN 

Ö 

Singh 1998 
1. Not conducted in a critically ill patient population  

2. Early EN not started within 24 hours of injury or ICU  
(EN begun 24 – 48 post-op) 

Ö 

Ibrahim 2002 
1. Enteral nutrition commenced at the same time in both groups  

(Early full goal feeding versus early restricted)  
2. Pseudo randomised 

Schroeder 1991 1. No patient oriented outcomes 
Hasse 1995  1. No patient oriented outcomes 
Watters 1997  1. No patient oriented outcomes 

Seri 1984 
1. Not conducted in a critically ill patient population 

2. No patient oriented outcomes 
(No deaths reported as of study day 7, no outcomes reported beyond day 7) 

Taylor 1999 1. Enteral nutrition commenced at the same time in both groups  
(Gastric versus post-pyloric feeding) 

Sagar 1979 1. No patient oriented outcomes 
Beier-Holgersen 
1996 

1. Not conducted in a critically ill patient population 
2. Early post-op oral intake, not early EN 

Carr 1996 1. Not conducted in a critically ill patient population  
(elective intestinal resection) 

Heslin 1997 1. Not conducted in a critically ill patient population 
2. Patients received immune-enhanced EN (Impact), not standard EN 

Schilder 1997 
1. Not conducted in a critically ill patient population  

2. Early post-op oral intake, not early EN 
3. Pseudo-randomised 

Grahm 1989 1. Early EN not started within 24 h of injury or ICU admit (commenced within 36 hours)  
2. Pseudo-randomised 



 
 
 
 

Pupelis 2000 vs Pupelis 2001 

Pupelis 2000: 
Mortality 
1/11 early EN vs 5/18 standard care 
 
 
 

Pupelis 2001: 
Mortality 
1/30 early EN vs 6/30 standard care 
 
 
 



 
 
 

Economic Analysis of Early PN 

Doig GS and Simpson F. Early parenteral nutrition in critically ill patients with short-term contraindications to early enteral 
nutrition: a full economic analysis of a multicenter randomized controlled trial based on US costs. ClinicoEconomics 
and Outcomes Research 2013;5:369-379. 



 
 
 
 

How early is early? 

• Early EN defined as within 24 hours of injury or ICU admission 
 

Martin CM, Doig GS, Heyland DK, Morrison T and Sibbald WJ. Multicentre, cluster randomized clinical trial of algorithms 
for critical care enteral and parenteral therapy (ACCEPT). CMAJ 2004;170(2):197-204. 
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(n =  214), 
(n =  248) 
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Martin CM, Doig GS, Heyland DK, Morrison T and Sibbald WJ. Multicentre, cluster randomized clinical trial of algorithms 
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shorter  mean stay  in hospital  (25 v.  35  days; p =  0.003) 



 
 
 
 

How early is early? 

• Early EN defined as within 24 hours of injury or ICU admission 
 

Martin CM, Doig GS, Heyland DK, Morrison T and Sibbald WJ. Multicentre, cluster randomized clinical trial of algorithms 
for critical care enteral and parenteral therapy (ACCEPT). CMAJ 2004;170(2):197-204. 

               trend toward reduced mortality (27% v. 37%; p = 
0.058). 
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