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CHAPTER 80 

Enteral Nutrition
Andrew R. Davies and Anthony J. Hennessy

OBJECTIVES
This chapter will:
1. Describe the benefits that nutritional support can provide 

in the critically ill.
2. Explain the reasons why enteral nutrition should be 

preferred.
3. Discuss the risks associated with gastric feeding.
4. Outline three alternative strategies for patients with enteral 

feeding intolerance.
5. Discuss how to optimize the choice of substrates (particularly 

glutamine and omega-3 fatty acids) in the composition of 
enteral nutrition.

Nutritional support is considered to be the standard of care 
for critically ill patients based on the rationale that malnutri-
tion is associated with increased morbidity and mortality1 
and that administration of nutritional support will improve 
wound healing,2 reduce complication rates,3 and reduce 
the duration of hospitalization.4,5 In fact, optimal manage-
ment of nutritional support may well be as important as 
the management of renal, cardiovascular, ventilatory, or 
other organ system support.

Three high-quality evidence-based clinical practice 
guidelines recently have been published,6–8 and the use of 
one of these guidelines is advised strongly in clinical 
practice. Several of the specific recommendations are 
consistent across all three guidelines (Box 80.1) with a 
strong preference for enteral nutrition.

PREFERENCE FOR ENTERAL NUTRITION

Enteral nutrition is preferred to parenteral nutrition because 
delivering nutrition into the gut is more physiologic and less 
expensive.9 In comparison to parenteral nutrition, enteral 
nutrition also has been associated with improved gut func-
tion in the critically ill,10 reduced inflammatory cytokine 
levels,11 and reduced rates of infectious complications.3,6,12

Parenteral nutrition appears to increase the risk of infec-
tious complications when compared to no nutritional intake,13 
so it often has been maligned in critically ill patients as a 
harmful intervention.14 Such views have been challenged,15,16 
and a recent meta-analysis found that parenteral nutrition may 
in fact be advantageous if given early when enteral nutrition 
would otherwise be delayed.17 It also may be the case that 
parenteral nutrition is safer when used in a lower-energy 
formulation than it was previously,18 particularly now that 
greater attention to glycemic control seems warranted.19



470  Section 14 / Metabolism and Nutrition in Critical Illness and Acute Kidney Injury

therefore a much greater rationale for more proactive strategies 
such as the use of an evidence-based feeding guideline that 
includes the use of promotility drugs and small bowel feeding 
when patients develop features of intolerance.5

REDUCING THE RISKS OF  
ENTERAL NUTRITION

Promotility Drugs
Since it was discovered that critical illness leads to significant 
gastrointestinal dysmotility,30 promotility drugs have been 
considered a sensible option. Metoclopramide and erythro-
mycin improve gastric emptying.38,39 Erythromycin seems the 
superior agent because of its ability to improve short-term 
tolerance in patients with enteral feeding intolerance40,41 and 
also when administered routinely with gastric feeding.42 
Although the dose of oral erythromycin for this indication 
often is recommended as 200 to 250 mg four times daily, 
70 mg seems equally effective.43 Naloxone also reduces gastric 
residual volume,44 but its effect on feeding tolerance has not 
been established. Cisapride accelerates gastric emptying and 
lowers gastric residual volume45,46 but is unfortunately no 
longer commercially available because of the risk of cardiac 
dysrhythmia.47 Several other novel promotility drugs are 
being investigated, but none is yet commercially available.48

Metoclopramide is the only promotility drug that has 
been subjected to a study large enough to determine its 
efficacy on clinically meaningful outcomes. Despite its 
useful gastric emptying effect, it had no effect on nosocomial 
pneumonia or mortality rate.38 Given also that erythromycin 
may increase the risk of antibiotic resistance49 and naloxone 
seems likely to be more effective only in the presence of 
large narcotic doses, it is difficult to make strong treatment 
recommendations about promotility drugs. Nevertheless, 
careful use of either erythromycin or metoclopramide seems 
warranted when the first signs of enteral feeding intoler-
ance develop. Erythromycin is more likely to be effective, 
although if intolerance persists with the use of either drug, 
the combination of both seems reasonable practice.50

Small Bowel Feeding
Small bowel feeding has some inherent advantages over gastric 
feeding, because the small bowel has a greater absorptive capac-
ity than the stomach,51 has less impaired motility in critical 
illness,52 and is further away from the pharynx and respira-
tory tree, thereby potentially reducing the risk of pneumonia 
caused by gastroesophageal reflux.53 Clinical studies comparing 
small bowel and gastric feeding have shown that small bowel 
feeding lowers gastric residual volume,34,54 and although this 
has sometimes led to improved nutritional intake,55,56 this has 
not been a consistent finding.34,54,57 One meta-analysis found 
that small bowel feeding was associated with a reduced risk of 
pneumonia,6 although others have not been as conclusive.58,59

Gastric feeding therefore should be regarded as the initial 
method of enteral feeding for critically ill patients, but small 
bowel feeding is recommended when patients develop feeding 
intolerance. Whether a promotility drug should be tried before 
a small bowel feeding tube is placed is not well established 
at the present time, but recent clinical practice surveys have 
suggested that clinicians prefer promotility drugs to small bowel 
feeding,60,61 seemingly because of the logistical and technical 
concerns that are associated with nasojejunal tube placement. 

Nevertheless, there is general consensus that when the gut 
is considered to be functioning adequately, enteral nutrition 
should be preferred to parenteral nutrition, and it should 
be started within 24 to 48 hours of admission.6–8 Parenteral 
nutrition should be saved for those patients about whom there 
is a good clinical reason for not beginning enteral nutrition in 
this time frame. The most likely such reason is a condition 
in which the gut is expected to be dysfunctional for many 
days, although patients with esophageal surgery,20 intestinal 
perforation and peritonitis,21 colorectal surgery,22,23 abdominal 
aortic aneurysm surgery,24 and acute pancreatitis25,26 can be 
readily enterally fed with few complications.

POTENTIAL RISKS ASSOCIATED WITH 
ENTERAL FEEDING

Enteral nutrition typically is delivered into the stomach with a 
nasogastric tube,27–29 and in many cases this leads to satisfactory 
delivery of nutrition. However, gastric motility (particularly 
gastric emptying) and absorption are impaired in critical 
illness,30–32 and this may lead to enteral feeding intolerance.33

Enteral feeding intolerance has been reported to occur 
in 31% to 46% of patients with gastric feeding33,34 and 
usually is manifest by large gastric residual volumes and 
vomiting.27,33,35 It leads to a large number of patients not 
achieving their expected energy delivery requirements36 and 
appears to place patients at a higher risk of pneumonia and 
possibly mortality.33 This often is exacerbated in critically 
ill patients when their enteral nutrition is withheld for 
diagnostic and therapeutic procedures.

Managing potential enteral feeding intolerance by delaying 
the initiation of nasogastric feeding is illogical, because it will 
reduce the chance of the patient’s meeting energy requirements, 
may worsen intestinal permeability,37 and may lead to increased 
infectious complications and hospital length of stay.4 There is 

BOX 80.1 

Recommendations Based on Consistent Statements From 
Recent Evidence-Based Guidelines for Feeding of the 
Critically Ill

Early gastric feeding (started within 24–48 hours) should be 
used in preference to parenteral nutrition in patients 
with no major gut dysfunction.

Promotility drugs should be used if gastric feeding is not 
tolerated.

Small bowel feeding should be used if gastric feeding is not 
tolerated.

Enteral nutrition should be supplemented with parenteral 
nutrition if nutritional goals are not met but only after 
attempts at a promotility drug and a small bowel feeding 
tube.

When enteral nutrition is used:
•	 It	SHOULD	NOT	be	supplemented	with	arginine	or	

other select nutrients (immunonutrition) in patients 
with severe sepsis.

•	 It	SHOULD	be	supplemented	with	omega-3	fatty	acids	
and antioxidants in patients with acute lung injury.

•	 It	SHOULD	be	supplemented	with	glutamine	in	burn	
and trauma patients.

When parenteral nutrition is used:
•	 It	SHOULD	be	supplemented	with	glutamine.
•	 It	SHOULD	be	limited	in	energy	to	avoid	

complications such as hyperglycemia.
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requires parenteral nutrition6–8; this consensus is based on 
studies	 in	 ICU	and	abdominal	surgical	patients.69–71 This 
is in contrast with enteral nutrition, in which glutamine 
has not been shown to improve clinical outcomes when 
administered enterally to heterogeneous groups of critically 
ill patients.72,73

However, glutamine-supplemented enteral nutrition may 
be efficacious in two homogeneous groups of patients: those 
with burns and those with trauma.74,75 Glutamine therefore 
should	be	strongly	considered	in	all	ICU	patients	having	
parenteral nutrition and all burn and trauma patients having 
enteral nutrition, and although the exact dose remains 
controversial, a dose in the range of 0.4 to 0.5 g/kg body 
weight seems reasonable.

Immunonutrition
Enteral nutrition products with a mixture of arginine, 
nucleotides, and omega-3 fatty acids have been considered 

Numerous insertion techniques have been described,62 and 
although “blind” placement at the bedside is certainly the 
least logistically challenging, this is time consuming and 
less successful than the placement of a nasogastric tube.57 
Erythromycin used specifically to assist insertion appears to 
improve success rates,63 and specific mechanical maneuvers 
also have been described.64 Fluoroscopy and endoscopy 
improve the success rates,34,65 but logistical concerns remain 
a deterrent in many institutions. “Self-migrating” tubes such as 
the frictional nasojejunal (NJ) tube (Tiger Tube, Cook Critical 
Care, Bloomington, IN) may improve the insertion success and 
can be used safely and easily in clinical practice.66,67

Patients	in	the	intensive	care	unit	(ICU)	who	develop	feeding	
intolerance during gastric feeding therefore should have a small 
bowel feeding tube placed. Institutional considerations should 
determine which insertion technique is chosen, and because 
gastric residual volumes often remain large (placing the patient 
at risk of pneumonia), a promotility drug, such as metoclo-
pramide or erythromycin, is recommended, as is the use of a 
supplementary nasogastric tube to drain this gastric fluid.

Supplementary Parenteral Nutrition
Parenteral nutrition often has been considered an easy option 
for enteral feeding intolerance (especially when it is severe), 
as most critically ill patients already have central venous 
access. Although two recent clinical practice guidelines7,8 
recommend supplementary parenteral nutrition to assist 
meeting nutritional goals in the presence of enteral feeding 
intolerance, caution is advised, as supplementary parenteral 
nutrition has been shown to lead to excess mortality in 
burn patients68 and has not been shown to improve clinical 
outcomes over enteral nutrition alone in meta-analyses.6,7 
It therefore seems prudent that parenteral nutrition should 
not be used to supplement enteral nutrition in critically 
ill patients until all other strategies to maximize enteral 
nutrition (including promotility drugs and small bowel 
feeding) have been attempted (Fig. 80.1).

CHOOSING THE OPTIMAL ENTERAL 
NUTRITION PRODUCT

The optimal macronutrient composition (i.e., carbohydrate, 
lipid, and protein content) of enteral nutrition for the 
heterogeneous critically ill patient remains largely unknown, 
and consequently there are dozens of commercially prepared 
enteral nutrition products with specific variations in the 
combination of carbohydrate, lipid, and protein.

All three recently published evidence-based guidelines 
have suggested that a standard polymeric enteral formula 
should be administered,6–8 and this seems reasonable for most 
critically ill patients. Estimation of energy and protein require-
ments should be performed using standardized equations 
leading to an hourly goal rate being established. In some 
specific patient groups, evidence is accumulating that varying 
the nutrient composition with the aims of either replacing 
important deficiencies or modulating immune function may 
be useful, although controversy in this area continues.

Glutamine
There is recent consensus that glutamine-supplemented 
parenteral	nutrition	should	be	used	in	the	ICU	patient	who	

Begin with gastric
feeding within 24

hours of admission

Continue
feeding as is

No

No

No

No

Commence
metoclopramide
(10–20 mg qid)

Yes

Yes

Place a nasojejunal tube

Is nutritional target still
difficult to meet?

Use supplemental parenteral
nutrition to meet nutritional goals

Commence
erythromycin
(250 mg qid)

Is gastric residual
volume >  200 mL?

Is gastric residual
volume >  200 mL?

Is gastric residual
volume > 200 mL?

Yes

Yes

FIGURE 80.1 Simple algorithm for nutritional support in the critically 
ill patient. 
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drugs should be attempted before supplementary parenteral 
nutrition is used (see Fig. 80.1). Clinicians should consider 
carefully the composition of the enteral nutrition with 
regard to lipid content, antioxidants, and glutamine as 
clinical outcomes are improved in some specific groups of  
patients.

Key Points

1. Nutritional support leads to a reduction in com-
plication rates and shorter hospitalization in 
critically ill patients, especially when evidence-
based guidelines are followed.

2. Enteral nutrition should be preferred to parenteral 
because of improved gut function, reduced infec-
tious complications, and less expense. It should 
be started within 24 to 48 hours of intensive care 
unit admission in any patient with a functioning 
gut.

3. Patients can be intolerant of gastric feeding as a 
result of impaired upper gut motility; this should 
be recognized and treated as it may lead to pneu-
monia. However, the balance appears to be in favor 
of early enteral nutrition rather than avoiding 
intolerance by delaying feeding.

4. Erythromycin and metoclopramide should be used 
when intolerance occurs; however, a nasojejunal 
tube should be inserted when the intolerance does 
not resolve quickly and in preference to supple-
mentary parenteral nutrition.

5. Glutamine should be added to the enteral nutrition 
in burn and trauma patients. It always should be 
added to any supplemental parenteral nutrition 
used in patients in the intensive care unit.

6. Omega-3 fatty acids should be part of the enteral 
nutrition composition in patients with acute lung 
injury and sepsis because of their important 
antiinflammatory effects.

7. In patients with renal failure, there should be 
careful attention to the amount of energy, protein, 
vitamins, and trace elements administered depend-
ing on the patient and the type of continuous renal 
replacement therapy being used.
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to modulate immune function and therefore considered 
“immunonutrition.” Despite more than a decade of research, 
these products still remain controversial in critical care 
practice as they appear to elicit harmful effects in patients 
with sepsis and septic shock.6 Of the various substrates, 
arginine appears to be the sole culprit of the substrates; a 
recent study in animals demonstrated the scientific rationale 
for the potential lethality of arginine in septic shock.76

Given immunonutrition had no effect in the largest of 
all	the	heterogeneous	ICU	patient	studies,77 the pragmatic 
view is that if immunonutrition causes harm in septic 
patients (presumably resulting from arginine), it therefore 
may have a beneficial effect in nonseptic patients (presum-
ably resulting from omega-3 fatty acids). The way of the 
future must be to study the individual nutrients in specific 
disease states rather than the immunonutrition package in 
heterogeneous populations.78 The present recommendation 
is not to administer immunonutrition products containing 
arginine	to	ICU	patients.

Omega-3 Fatty Acids
There have now been two recent studies79,80 in which enteral 
nutrition products containing fish oil (eicosapentaenoic 
acid), borage oil (gamma-linolenic acid), and antioxidants 
led to beneficial clinical outcomes in patients with acute 
lung injury and septic shock. Given a previous study dem-
onstrated similar effects in patients with acute lung injury,81 
it appears that an enteral nutrition product containing these 
omega-3 fatty acids should be used when patients with 
acute	lung	injury	and	septic	shock	are	treated	in	the	ICU.

ISSUES SPECIFIC TO THE CRITICALLY ILL 
RENAL FAILURE PATIENT

The principles of nutritional support in critically ill patients 
with acute renal failure are similar to those in critically ill 
patients without renal failure. Although some clinicians 
feel that restriction of fluid and protein may be required 
when renal failure is present, there is little evidence to 
support this notion and there seems a greater rationale to 
use either earlier or more effective continuous renal replace-
ment therapy to improve outcomes.

What is known is that amino acids (including glutamine), 
vitamins, and trace elements often are lost from the body 
through the filter in continuous renal replacement therapy, 
although the exact amount in individual patients varies.82 
Making sure that the nutritional prescription does not have 
inadequate amounts of energy, protein, vitamins, and trace 
elements is therefore extremely important, especially because 
gastric emptying also can be impaired more significantly 
in patients with renal failure. The threshold to use promotil-
ity drugs, small bowel feeding tubes, and supplemental 
parenteral nutrition therefore should be lowered to maximize 
nutritional intake.

CONCLUSION

Evidence-based guidelines for nutritional support in the 
ICU	 should	 be	 followed	 where	 possible,	 meaning	 that	
enteral nutrition is preferred to parenteral nutrition. When 
intolerance occurs, small bowel feeding and promotility 
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