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Early Enteral Nutrition in critical illness:  
Why? 
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What is Early Enteral Nutrition?

This content may not be amended, modified or commercially exploited without prior written consent
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• To maintain intestinal mucosal integrity 

• Provide nutrients required during metabolic 
stress 

• Reduce morbidity compared with parenteral 
nutrition 

• Reduce cost compared with parenteral 
nutrition

Why Early Enteral Nutrition?

This	content	may	not	be	amended,	modified	or	commercially	exploited	without	prior	written	consentEnteral nutrition initiated within 24-48 hours following hospitalization, trauma, or injury

Zaloga GP. Crit Care Med 1999;27:259 

Alverdy Crit Care Med 2003;31:598
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Why would you like to start early  
with Early Enteral Nutrition?

This content may not be amended, modified or commercially exploited without prior written consent



Calories received in high and low risk patients  
based on NUTRIC scores and 28-day mortality

Rahman A et al. Clin Nutr. 2016 Feb;35(1):158-62.
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More Protein and Energy Associated With Improved 
Mortality in Higher Risk Patients

Compher C et al. Crit Care Med 2017; 45:156–163
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Factors in regulation of splanchnic circulation

Sympathetic nervous supply
Norepinephrine, neurotensin, neuropeptide Y, ATP

Sensory motor nerves
CGRP, substance P, nitric oxide, ATP

Renin-Angiotenin axis

Vasopressin

Gut hormones
VIP, CCK

VASOCONSTRICTION VASODILATATION

Endothelin EDRF PGI2 NO

ACh
ADP
5-HT

?

?
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Enteral nutrition and splanchnic ischemia
Gut ischemia

This content may not be amended, modified or commercially exploited without prior written consent

Reduced barrier 
function 

Bacterial translocation 
Sepsis, inflammatory 
response

Transmural ischemia 
Perforation

Motility disorders 

Ileus/Stasis 
Production of gas 
More distention

Mucosal atrophy 

Malabsorption 
Macronutrient & 
micronutrient deficiency

Enteral Nutrition

👍

👎 👎 👎 👎

👍 👍 👎
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Small intestinal glucose absorption in critical illness versus health

Deane, et al. Crit. Care Med 2011
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Delayed EN impairs intestinal carbohydrate absorption in ICU patients

Nguyen N. Crit Care Med. 2012;40(1):50-4

Enteral nutrition < 24 hours 
N= 14

Enteral nutrition > 4 days 
N=14 P-value

3-O-methyl-glucose day 4

Peak 0.37 ± 0.04 0.24 ± 0.04 P < 0.02

AUC 240 min 63.4 ± 8.3 38.5 ± 7.0 P < 0.04

Mechanical ventilation

Days 9.2 ± 0.9 13.7 ± 1.9 P < 0.05

ICU length of stay
Days 11.3 ± 0.8 15.9 ± 1.9 P < 0.05

impact of delayed EN on small intestinal absorption of 3-O-methyl-glucose:  
Gastric emptying (scintigraphy)

Delaying enteral feeding is associated with a reduction in small intestinal glucose absorption 
These observations support recommendations for "early" enteral nutrition in critically ill patients

This	content	may	not	be	amended,	modified	or	commercially	exploited	without	prior	written	consent
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Is Early Enteral Nutrition safe 
when the ICU patient is on 
vasopressors?

This content may not be amended, modified or commercially exploited without prior written consent
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Safe on vasopressors?

Khalid I. Am J Crit Care. 2010;19:261-268

707 patients

467 patients

Early feeding <48 h

Late feeding >48 h

Retrospective analysis prospectively collected data 
more than two days on vasopressor agents

Days post-intubation
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Patients at least 
1 vasopressor 

significant 
better survival 

when feeding is 
commenced 

early

This	content	may	not	be	amended,	modified	or	commercially	exploited	without	prior	written	consent
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Is Early Enteral Nutrition safe in 
with early shock?

This content may not be amended, modified or commercially exploited without prior written consent
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This content may not be amended, modified or commercially exploited without prior written consent Reignier J et al. Lancet Published online November 8, 2017

Enteral vs Parenteral nutrition in ventilated shock patients: NUTRIREA-2

In critically ill adults with 
shock, early isocaloric 
enteral nutrition did not 
reduce mortality or the 

risk of secondary 
infections but was 
associated with a 

greater risk of digestive 
complications compared 

with early isocaloric 
parenteral nutrition.
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Gastrointestinal complications of EN in early shock: NUTRIREA-2
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• Patients in severe shock 

• High vasopressor dosages 

• Early aggressive build-up of enteral feeding to target within 24-28 
hours 

• ESICM guidelines 2018:

Comment on Nutrirea II study
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Is Early Enteral Nutrition safe in 
patients with intra-abdominal 
hypertension?

This content may not be amended, modified or commercially exploited without prior written consent
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Splanchnic Circulation in abdominal hypertension

This content may not be amended, modified or commercially exploited without prior written consent

1300 mL/min

500 mL/min

700 mL/min

700 mL/min

400 mL/min

IAH ↑ 
CVP ↑

IAH ↑ 
CO ↓

IAH ↑ 
pO2 ↓

IAH ↑  
edema↑ 

perfusion ↓

Gut ischemia
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IAH/IAC and EEN
Author 
Year

Population 
No of pt studied

Study design Feeding details Groups in 
comparison

Main outcomes

Cothren 

2004 100

Abdominal compartment 
syndrome after trauma 

N=37

Retrospective case 
series

12 pt were not 
fed, 25 were fed, 

but EN was 
started 5.1±1.9 d 

after injury

None

MOF rate 24% (9 of 37 patients), mortality 38% (14 of 37 patients). EN in 
25 of 37 patients: in 13 ≤24 h after abd. closure, 7 patients delayed, 5 

patients were fed despite open abdomen. In the 13 of ≤24 h fed 
patients, EN was started on postinjury day 5.1±1.9.

Reintam  
2008 112

ICU patients on 
mechanical ventilation 

and with LOS>24h 
N=264

Prospective case 
series

No protocol None ACS developed in 1.8%

Reintam 
2008 113

General ICU patients on 
mechanical ventilation at 

risk for IAH 
N=257

Prospective case 
series

No protocol None IAH developed in 37%, only 14% of them received EN

Sun 
2013 114

Severe acute pancreatitis 
N=60

Prospective 
cohort

Early EN within 
48h; delayed EN 

from day 8 on

Early vs delayed 
EN 

IAP<15 mmHg 
vs IAP ≥15 

mmHg

IAH incidence from the 9th day after admission: EEN 8/30 versus delayed 
EN 18/30; P = 0.009. 

FI incidence during the initial 3 days of feeding: 
day 1: EEN 25/30 versus DEN 12/30; P = 0.001; 
day 2: EEN 22/30 versus DEN 9/30; P = 0.001; 
day 3: EEN 15/30 versus DEN 4/30; P = 0.002. 

Patients with an IAP <15 mmHg had lower FI incidence than those with 

This content may not be amended, modified or commercially exploited without prior written consent Reintam A, Van Zanten AR et al. Intensive Care Med. 2017 Mar;43(3):380-398
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Author 
Year

Population 
No of pt studied

Study design Feeding details Groups in 
comparison

Main outcomes

Cothren 

2004 100

Abdominal compartment 
syndrome after trauma 

N=37

Retrospective case 
series

12 pt were not 
fed, 25 were fed, 

but EN was 
started 5.1±1.9 d 

after injury

None

MOF rate 24% (9 of 37 patients), mortality 38% (14 of 37 patients). EN in 
25 of 37 patients: in 13 ≤24 h after abd. closure, 7 patients delayed, 5 

patients were fed despite open abdomen. In the 13 of ≤24 h fed 
patients, EN was started on postinjury day 5.1±1.9.

Reintam  
2008 112

ICU patients on 
mechanical ventilation 

and with LOS>24h 
N=264

Prospective case 
series

No protocol None ACS developed in 1.8%

Reintam 
2008 113

General ICU patients on 
mechanical ventilation at 

risk for IAH 
N=257

Prospective case 
series

No protocol None IAH developed in 37%, only 14% of them received EN

Sun 
2013 114

Severe acute pancreatitis 
N=60

Prospective 
cohort

Early EN within 
48h; delayed EN 

from day 8 on

Early vs delayed 
EN 

IAP<15 mmHg 
vs IAP ≥15 

mmHg

IAH incidence from the 9th day after admission: EEN 8/30 versus delayed 
EN 18/30; P = 0.009. 

FI incidence during the initial 3 days of feeding: 
day 1: EEN 25/30 versus DEN 12/30; P = 0.001; 
day 2: EEN 22/30 versus DEN 9/30; P = 0.001; 
day 3: EEN 15/30 versus DEN 4/30; P = 0.002. 

Patients with an IAP <15 mmHg had lower FI incidence than those with 

This content may not be amended, modified or commercially exploited without prior written consent

 All studies reported high incidence of feeding intolerance associated with 
intra-abdominal hypertension, but data are not conclusive regarding 
causality. A recently published study demonstrated that EEN did not 

increase intra-abdominal pressure, but values exceeding 15 mmHg were 
associated with higher rates of feeding intolerance in patients with severe 

acute pancreatitis

IAH/IAC and EEN

Reintam A, Van Zanten AR et al. Intensive Care Med. 2017 Mar;43(3):380-398
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EEN prevents IAH and reduces severity of SAP compared with delayed EN

Sun J, et al. World Journal of Surgery. 2013, 37: 2053–2060. This content may not be amended, modified or commercially exploited without prior written consent

EEN group (n=30): 8 h 
DEN (n=30): day 8 
Observation 2 weeks

Early enteral nutrition did not increase IAP.  
In contrast, it might prevent the development of IAH. 

0%

15%

30%

45%

60%

Intra-abdominal Hypertension incidence

Early enteral nutrition
Delayed enteral nutrition

Severe Acute Pancreatitis
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Early Enteral Nutrition in IAH and ACS

This content may not be amended, modified or commercially exploited without prior written consent

Start EENICU admission

Delay EEN in case of: 
Uncontrolled shock 
Overt bowel ischemia 
High-output fistula that cannot be bypassed 
Abdominal compartment syndrome

IAP ≥15 mmHg

Delay EEN in case of: 
GRV>500 mL/6h  
Insert post pyloric feeding tube 
Administer prokinetics 
Monitor abdominal pressures

Flow chart for high risk increased  
intra-abdominal pressure patients

Abdominal Compartment 
Syndrome

Delay or reduce EEN: 
When during IAH and EEN 
administration IAP increases 
≥15 mmHg 
Monitor IAP and criteria of ACS 
Interrupt feeding in ACS

Sustained IAP ≥ 20 mmHg and organ failure

Open abdomen

Resume EN: 
In case of EN intolerance or not reaching goals:  
Consider SPN in high nutritional risk patients (day 
3-5) 
In low risk patients delay SPN until day 7
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Can we predict splanchnic 
ischemia to safely start EEN?

This content may not be amended, modified or commercially exploited without prior written consent
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I-FABP, D-lactate, α-Glutathione S-transferase  
(α-GST), and Ischemia-modified albumin (IMA)

Treskes N, Persoon AM, Van Zanten AR. Intern Emerg Med (2017) 12:821–836
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Biomarkers for splanchnic ischemia

Treskes N, Persoon AM, Van Zanten AR. Intern Emerg Med (2017) 12:821–836
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Biomarkers for splanchnic ischemia

Best pooled performance IMA and I-FABP (Uden kit).  
Citrulline promising marker with high reported specificity (1 study).  
Heterogeneous and small patient populations studied.  
Positive and negative predictive values do not demonstrate optimal performance.  
Too early to consider them to replace other diagnostic modalities such as CT angiography.

Treskes N, Persoon AM, Van Zanten AR. Intern Emerg Med (2017) 12:821–836
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What to do? What do the 
guidelines tell us?

This content may not be amended, modified or commercially exploited without prior written consent
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Recent guidelines Open Access

28
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Early	EN	vs.	Early	PN

EEN ESICM Practice Guidelines 2017

This content may not be amended, modified or commercially exploited without prior written consent Reintam A, Van Zanten AR et al. Intensive Care Med. 2017 Mar;43(3):380-398
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EEN ESICM Practice Guidelines 2017

Early	EN	vs.	Delayed	EN

This content may not be amended, modified or commercially exploited without prior written consent Reintam A, Van Zanten AR et al. Intensive Care Med. 2017 Mar;43(3):380-398
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• 17 recommendations favouring initiation of EEN.  

• 7 recommendations favouring delaying EN.  

• EEN reduced infectious complications in unselected critically ill patients, in 
patients with severe acute pancreatitis, and after GI surgery.  

• We did not detect any evidence of superiority for early PN or delayed EN over 
EEN.  

• All recommendations are weak because of the low quality of evidence, with 
several based only on expert opinion. 

Recommendations (24)

Reintam A, Van Zanten AR et al. Intensive Care Med. 2017 Mar;43(3):380-398This content may not be amended, modified or commercially exploited without prior written consent



X

• In controlled shock 

• When using NMBA 

• Targeted Temperature 
Management 

• ECMO 

• Prone position 

• TBI, stroke, spinal cord injury 

• Severe acute Pancreatitis 

• GI surgery 

• Abdominal aortic surgery 

• Abdominal trauma 

• Open abdomen 

• Intra-abdominal Hypertension 
without compartment syndrome 

• Liver failure (independent of 
grade of encephalopathy) 

• Absent bowel sounds 

• Diarrhea

Early Enteral Nutrition is safe and recommended:

Reintam A, Van Zanten AR, et al. Intensive Care Med. 2017, 43: 380–398. 
This content may not be amended, modified or commercially exploited without prior written consent
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• In bowel obstruction (not 
post-operative ileus) 

• In uncontrolled shock 

• Overt bowel ischemia 

• High-output fistula that 
cannot be bypassed 

• In abdominal compartment 
syndrome, when during 
IAH and EEN abdominal 
pressure increases 

• Active GI-bleeding 

• GRV>500 mL/6h

When to delay enteral nutrition?

Reintam A, Van Zanten AR, et al. Intensive Care Med. 2017, 43: 380–398. 
This content may not be amended, modified or commercially exploited without prior written consent



X

• Fluid therapy 

• Vasopressor start 

• Stable MAP (>65 mmHg) 

• Acceptable ScVO2 (65-70%) 

• Acceptable lactate < 2.5 mmol/l or 50% drop 

• Most patients are stable within 6-12 hours 

• Then start EEN (<24h)

Always resuscitate patient before starting EEN

We did not encounter 1 single case of non-occlusive mesenteric ischemia due to EN 
in >1000 ICU patients using this checklist

Superior mesenteric artery embolism
Non-occlusive mesenteric ischemia
Superior mesenteric artery trombosis
Mesenteric venous trombosis
Focal segmental ischemia

This	content	may	not	be	amended,	modified	or	commercially	exploited	without	prior	written	consent

NOMI is rare
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• Recommendation 38: EN should be delayed:  

- If shock is uncontrolled and hemodynamic and tissue perfusion goals are not reached, whereas low dose 
EN can be started as soon as shock is controlled with fluids and vasopressors/inotropes, while remaining 
vigilant for signs of bowel ischemia;  

- In case of uncontrolled life-threatening hypoxemia, hypercapnia or acidosis, whereas EN can be started in 
patients with stable hypoxemia, and compensated or permissive hypercapnia and acidosis;  

- In patients suffering from active upper GI bleeding, whereas EN can be started when the bleeding has 
stopped and no signs of re-bleeding are observed;  

- In patients with overt bowel ischemia;  

- In patients with high-output intestinal fistula if reliable feeding access distal to the fistula is not achievable;  

- In patients with abdominal compartment syndrome; and  

- If gastric aspirate volume is above 500 ml/6h. 

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

ESPEN ICU guidelines 2018
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Recommendation 39: Low dose EN should be administered 

- In patients receiving therapeutic hypothermia and increasing the 
dose after rewarming;  

- In patients with intra-abdominal hypertension without abdominal 
compartment syndrome, whereas temporary reduction or 
discontinuation of EN should be considered when intra-abdominal 
pressure values further increase under EN; and  

- In patients with acute liver failure when acute, immediately life-
threatening metabolic derangements are controlled with or without 
liver support strategies, independent on grade of encephalopathy. 
Grade of recommendation: B – strong consensus (95.65 % agreement)

ESPEN ICU guidelines 2018
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Conclusies

• Early EN > Delayed EN > Delayed PN > Early PN 

• First resuscitate the gut 

• Biomarker: No, clinical judgement or CT-angio 

• EEN in abdominal hypertension yes, in abdominal compartment syndrome no 

• 7 reasons to delay EN: uncontrolled shock 

• Most patients HD stabile after 6-12 hours 

• Median in Ede 5.6 hours
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• Early Enteral Nutrition (EEN): 

• Enteral nutrition is initiated within 24 – 48 hours following hospitalization, trauma, or 
injury 

Definition

Zaloga GP. Crit Care Med 1999;27:259 
Alverdy Crit Care Med 2003;31:598 

For ICU patients after admission to ICU
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• To maintain intestinal mucosal integrity 

• Normal microvilli 

• Height and number 

• Normal intestinal barrier 

• Intestinal mucosal immunity 

• Provide nutrients required during metabolic stress 

• Reduce morbidity compared with parenteral nutrition 

• Reduce cost compared with parenteral nutrition 

Why EEN?
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Enteral  Nutrition

Enteral Nutrition

ICU admission ICU discharge

Feeding target

d1         d2         d3         d4         d5         d6         d7         d8

Early SPN                     Timely SPN                      Late SPN

Feeding 
Deficit

60% target

80% target
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Usual Postoperative Organ  
Recovery Times

Luckey A, et al. Arch Surg. 2003;138:206-214.
Livingston EH, Passaro EP Jr. Dig Dis Sci. 1990;35:121-132.

Delaney CP, et al. Clinical Consensus Update in General Surgery. 2006.

Stomach  
24–48 hr

Small Intestine 
 12–24 hr

Large Intestine 
 48–120 hr Do Not Wait for Bowel Sounds

electromyographic activity
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Less Postoperative Complications in EEN

Osland et al. JPEN 2011
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RCT EEN in patients undergoing  
major upper gastrointestinal resection

Barlow R, et al.  ClinNutr,2011;30:560-566.

Median Hospital LOS 
16 days vs. 19 days （p=0.023）
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RCT EEN in patients undergoing  
major upper gastrointestinal resection

Barlow R, et al.  ClinNutr,2011;30:560-566.

Complication Conventional Early EN P-value

Infective Complications

Wound infection 16 (28.1) 7 (10.9) 0.017

Chest infection 12 (21.1) 5 (7.8) 0.036

Anastomotic leakage 7 (12.2) 2 (3.1) 0.055

UTI 3 (5.3) 1 (1.6)

Bacteraemia 3 (5.3) 2 (3.1)

Non-infective complications

Pleural effusion 10 (17.5) 10 (15.6)

Delayed gastric emptying 4 (7.0) 0 0.031

Myocardial infarction 1 (1.8) 0

Major haemorrhage 2 (3.5) 0

Chylothorax 0 1 (1.6)

Rec. Laryngeal nerve palsy 0 1 (1.6)
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EN better effect than TPN on gut barrier function in 
severe acute pancreatitis

Xu CF Zhonghua Nei Ke Za Zhi. 2011;50(5):370-3

Enteral nutrition 
N= 29

Parenteral nutrition 
N=34 P-value

Endotoxin (EU/l)

Day 07 39.30 ± 15.82 73.05 ± 21.16 P < 0.05

Day 14 22.64 ± 14.31 49.34 ± 24.54 P < 0.05

Day 21 14.81 ± 10.93 30.08 ± 14.10 P < 0.05

Lactulose: mannitol ratio 
(urine)

Day 07 0.28 ± 0.25 0.65 ± 0.45 P < 0.05

Day 14 0.21 ± 0.18 0.54 ± 0.41 P < 0.05

Day 21 0.08 ± 0.04 0.29 ± 0.06 P < 0.05

EN Less endotoxinemia and better gut integrity
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Delayed enteral feeding impairs intestinal carbohydrate 
absorption in critically ill patients

Nguyen N. Crit Care Med. 2012;40(1):50-4

Enteral nutrition < 24 
hours 
N= 14

Enteral nutrition > 4 
days 
N=14

P-value

3-O-methyl-glucose day 
4

Peak 0.37 ± 0.04 0.24 ± 0.04 P < 0.02

AUC 240 min 63.4 ± 8.3 38.5 ± 7.0 P < 0.04

Mechanical ventilation

Days 9.2 ± 0.9 13.7 ± 1.9 P < 0.05

ICU length of stay

Days 11.3 ± 0.8 15.9 ± 1.9 P < 0.05

impact of delayed enteral nutrition on small intestinal absorption of 3-O-methyl-glucose: 
Gastric emptying (scintigraphy) similar

Delaying enteral feeding is associated with a reduction in small intestinal glucose absorption
These observations support recommendations for "early" enteral nutrition in critically ill patients
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EN Less infections  
compared to PN

www.criticalcarenutrition.com
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EEN trend to lower mortality

www.criticalcarenutrition.com



X

EEN less infections

www.criticalcarenutrition.com
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Early EN (<24h) vs. Control 

Doig G. Intensive Care Med 2009;35:2018-27

Mortality

Early enteral nutrition lower mortality
Odds ratio 0.34 (0.14-0.85)
Numbers needed to treat: 11 to prevent one death

Very Early enteral nutrition is best
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Energy overfeeding is harmful

N=843 OR 95% CI P-value

Daily protein intake groups a 0.85 0.73-0.99 0.047

Energy overfeeding (y/n) b 1.62 1.07-2.44 0.022

Sepsis (y/n) 1.77 1.18-2.65 0.005

APACHE-II score 1.04 1.02-1.05 <0.001

a Protein intake groups were <0.8, 0.8 - <1.0, 1.0 - <1.2, and ≥1.2 g/kg.
b day 4 energy overfeeding was defined as an energy intake of more than 110% of measured 
energy expenditure

Weijs P.  Crit Care 2014;18:701
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Relevant in EN?

Epanic trial n= 4640 Early PN trial n = 1363

ENTarget

Target
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Mean Energy intake  
in the MetaPlus trial n= 301

Means (95% CI) from day 1 
until day 28.

 All ITT analysis patients were 
included. 

Energy targets were calculated 
as follows: 25 kcal/kg body 
weight * day, with a maximum 
of 2500 kcal/day. 

intake from study products as percentage of calculated energy target during ICU stay

Van Zanten AR et al. JAMA 2014 Aug 6;312(5):514-24.

Target
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• Recommendation 3: Oral diet shall be preferred over EN or PN in critically ill patients who are able to 
eat.  

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

• Recommendation 4 : If oral intake is not possible, early EN (within 48 hours) in critically ill adult patients 
should be performed/initiated rather than delaying EN. 

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

• Recommendation 5: If oral intake is not possible, early EN (within 48 hours) shall be performed/initiated 
in critically ill adult patients rather than early PN. 

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

ESPEN ICU guidelines 2018
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• EN is first line therapy in ICU patients  

• No risk of overfeeding 

• EN is essential and trophic for the gut, the microbiota 

• Probably non-nutritional aspects more important 

• Trend to mortality reduction, less infections

Conclusions


