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Malnutrition is associated with increased complication 
rates, infections, length of stay, costs, and mortality in 
inpatients.1–4 Thus, nutrition support has become a major 
component of the treatment of such inpatients.  Many  
inpatients cannot sustain themselves through oral 
consumption of food. Through the use of nutritional 
formulations, many of these patients can be sustained 
long enough to allow recovery from their illnesses. 
Despite controversies about the optimum route, timing, 
quantity, and quality of nutrition support, morbidity and 
mortality are undoubtedly improved through nutritional 
support techniques.5 The type and severity of disease and 
the duration of malnutrition clearly aff ect outcomes of 
nutritional support. 

Nutrients can be delivered via the parenteral or enteral 
routes. In many patients, parenteral delivery of nutrients 
is easier than delivery via the enteral route. As a result, 
many clinicians place patients on parenteral nutrition 
despite adequate gastrointestinal function. Delivery of 
parenteral nutrients results in diff erent physiological 
eff ects than when similar nutrients are delivered 
enterally. Data accumulated over the past two decades 
indicate that parenteral nutrition is less sustaining and 
more expensive than enteral nutrition and should be 
avoided in most patients with functioning 
gastrointestinal tracts. In this Review, I discuss the use 
of parenteral nutrition in adult inpatients and 
concentrate the discussion on important clinical 
outcomes. The objective is to discuss the eff ectiveness 
of parenteral nutrition; the techniques of parenteral 
nutrition administration, which are discussed in many 
textbooks and journal articles, are not discussed here.  
Randomised studies of patients with functional 
gastrointestinal tracts are reviewed. The aim of this 
Review is to alert the clinician to the benefi ts and risks 
of nutrition support in patients with functioning 
gastrointestinal tracts, so that patients can receive the 
optimum form of nutrition support.

Substrate supply
Most parenteral and enteral nutrition formulas diff er in 
their nutrient profi les (table). Macronutrients consist of 
proteins, lipids, carbohydrates, and nucleic acids.  
Proteins can be delivered to patients as intact proteins, 
hydrolysed proteins or peptides, and as aminoacids. 
Many peptides produced on digestion of dietary proteins 
are absorbed intact into the circulation, and many 
peptides are capable of modulating cellular functions.6,7 
Intact and hydrolysed protein can be delivered only in 
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Malnutrition is a common comorbidity that places inpatients at risk of complications, infections, long length of stay, 
higher costs, and increased mortality. Thus, nutrition support has become an important therapeutic adjunctive to the 
care of these patients. For patients unable to feed themselves, nutrition can be delivered via the parenteral or enteral 
routes. The formulations used to deliver nutrients and the route of nutrient delivery, absorption, and processing diff er 
substantially between parenteral and enteral nutrition. Over the past two decades, many randomised clinical trials 
have assessed the eff ects of parenteral versus enteral nutrition on outcomes (ie, complications, infections, length of 
stay, costs, mortality) in diverse  inpatient populations. From a search of medical publications, studies were selected 
that assessed important clinical outcomes of parenteral versus enteral feeding or intravenous fl uids in patients with 
trauma/burn injuries, surgery, cancer, pancreatic disease, infl ammatory bowel disease, critical illness, liver failure, 
acute renal failure, and organ transplantation. Our goal was to determine the optimum route of feeding in these 
patient groups. The available evidence lends support to the use of enteral over parenteral feeding in inpatients with 
functioning gastrointestinal tracts.

Search strategy and selection criteria

The best method to determine eff ectiveness of clinical interventions is through 
randomised clinical trials. Therefore, we did a computerised bibliographic search of 
MEDLINE and the Cochrane Library for studies from 1980 to February, 2005, to locate all 
articles from randomised controlled trials of adult inpatients receiving parenteral 
nutrition. We used the search terms “nutrition support”, “enteral nutrition”, “parenteral 
nutrition”, “peripheral nutrition”, “supplemental nutrition”, “total parenteral nutrition”, 
“critical care”, “critical illness”, “intensive care”, “surgery”, “perioperative”, “trauma”, 
“burn”, “cancer”, “pancreatitis”, “infl ammatory bowel disease”, “Crohn’s disease”, 
“ulcerative colitis”, “renal failure”, “liver”, and “organ transplantation”. Personal fi les, 
relevant review articles, and reference lists of identifi ed articles were reviewed for 
additional references. Studies were selected for inclusion in the discussion if they were 
randomised clinical trials or meta-analysis of such trials of parenteral nutrition versus 
enteral nutrition or standard care. To be included in the discussion, studies had to assess 
one of the outcomes of interest (ie, complications, infections, length of stay, costs, or 
mortality). 
We assessed use of parenteral nutrition in adults with diseases that could be randomised 
to parenteral nutrition or enteral nutrition. The patients in the trials included in this 
Review had functioning gastrointestinal tracts, so we did not review studies in patients 
with short bowel syndromes. Most trials excluded patients with severe malnutrition, but 
mild or moderate malnutrition was present in many of the trials. We only assessed trials in 
which complete parenteral nutrition was given. We did not assess trials of protein sparing 
nutrition that used nitrogen with a caloric source; such therapy has been analysed 
previously and had no overall eff ect on outcomes.8 We focus on hospital inpatients and do 
not review home parenteral nutrition.
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enteral formulas, whereas parenteral formulas use 
aminoacids. Moreover, parenteral formulas do not 
contain all the aminoacids. Many years ago, aminoacids 
were classifi ed as essential or non-essential. Some non-
essential aminoacids were not felt to be needed in 
nutritional formulas because they could be synthesised 
from the essential aminoacids. However, the liver and 
kidney are the main organs necessary for aminoacid 
synthesis, and function of these organs is impaired in 
many ill patients. Furthermore, patients’ need for some 
aminoacids might be greater than their rates of synthesis 
(ie, during wound healing or rapid growth). Thus, we 
now recognise that some aminoacids are conditionally 
essential. They might not be needed in healthy adults, 
but they are needed after stress and injury. Many 
parenteral formulas do not contain adequate quantities 
of some conditionally essential aminoacids (ie, glutamine, 
arginine, cysteine).9 

The dietary essential fatty acids are the omega-6 
polyunsaturated fatty acid linoleic acid and the omega-3 
polyunsaturated fatty acid linolenic acid. These lipids are 
precursors of structural and regulatory lipids. In general, 
omega-6 long-chain polyunsaturated fatty acids are 
proinfl ammatory, immunosuppressive, and carcino-
genic. Omega-3 polyunsaturated long chain fatty acids 
have opposite eff ects. Thus,  nutritional formulas should 
deliver adequate quantities or precursors of these two 
long-chain lipids. However, nutritional formulas should 
also deliver optimum quantities of both. Although the 
optimum intake of omega-3 and omega-6 polyunsat-
urated fatty acids remains unknown, the diet of early 
man is estimated to have had a ratio of about 1 to 1. Thus, 
many experts believe that these lipids should be delivered 
in the diet in a ratio close to 1 to 1. The lipid sources of 
parenteral and enteral formulas vary greatly in the 
quantities of these essential fats. In the USA, parenteral 
lipids are formulated from soybeans and have a high 

ratio of omega-6 to omega-3 polyunsaturated long-chain 
fatty acids (roughly 8 to 1). In Europe, some lipid 
formulations contain higher amounts of omega-3 
polyunsaturated fatty acids, resulting in lower omega-6 
to omega-3 lipid ratios. Some (but not all) enteral 
formulas have omega-6/omega-3 lipid ratios that 
approach 1 to 1. Some of these formulas use fi sh oils rich 
in omega-3 fatty acids. 

Parenteral formulas deliver carbohydrate in the form of 
simple sugars whereas enteral formulae use both simple 
and complex carbohydrates. Complex carbohydrates are 
known to have many benefi cial eff ects on disease 
development and progression. Some such eff ects result 
from short-chain fatty acids that are produced by gut 
bacteria during metabolism of complex carbohydrates. 
Finally, parenteral formulas do not deliver nucleic acids, 
whereas some enteral formulas contain these substrates. 
What quantities of vitamins and minerals should 
parenteral formulas contain? Many nutritionists believe 
that parenteral formulas are low in antioxidant 
compounds. Parenteral formulations containing larger 
quantities of arginine, glutamine, omega-3 polyunsaturated 
fatty acids, and medium-chain triglycerides, many of 
which are available in Europe, are expected to soon be 
available worldwide.

There are clearly major diff erences in the nutrient 
contents between enteral and parenteral formulations. 
Furthermore, there are substantial variations in nutrient 
contents within parenteral and enteral formulations. 
Clearly, both types of formulations can maintain people 
during both health and disease. Although certain form-
ulations are probably better than others, the optimum 
formula contents for various diseases remain unknown.

Eff ects of parenteral and enteral nutrition on 
organ function
The biochemical and physiological eff ects of parenteral 
and enteral formulas on organ function have been 
assessed in many studies over the past two decades. A 
complete description of all these studies is beyond the 
scope of this Review. Panels 1 and 2 list the eff ects of both 
parenteral and enteral formulas on gastrointestinal and 
immune functions. The results are derived from studies 
in both animals and man, and clearly show that parenteral 
formulas, compared with enteral formulas, are less 
supportive to the immune and gastrointestinal systems. 
Interestingly, parenteral formulas cause dysfunction of 
B and T lymphocytes, macrophages, and neutrophils. The 
net result is an increase in infections. Parenteral formulas 
also result in greater proinfl am matory cytokine production 
(ie, tumour necrosis factor-alpha, interleukin-1, 
interleukin-6) in response to several stimuli (ie, sepsis, 
endotoxin, burns, trauma). Most of these studies were 
done in acute models of illness. Long-term starvation also 
causes immune depression, gastrointestinal dysfunction, 
and impaired functions of other organs. At some point in 
time, the detrimental eff ects of long-term starvation (if the 

Parenteral nutrition Enteral nutrition

Protein

Intact No Yes

Hydrolysed No Yes

Aminoacids Yes Yes

Glutamine No* Yes

Cysteine No Yes

Arginine Low Normal/high

Carbohydrate

Simple Yes Yes

Complex No Yes

Nucleic acids No Yes

Lipid High n-6 PUFA* Balanced

Medium-chain triglycerides No* Yes

*Intravenous glutamine is not available in the USA but is available in Europe.  Intravenous fat emulsions are high in omega-6 
polyunsaturated fatty acids (n-6 PUFA) in the USA. However, omega-3 polyunsaturated fatty acids (n-3 PUFA) supplemented 
formulations are available in Europe. Intravenous medium-chain triglycerides are not available in the USA but are available in Europe.

Table: Macronutrient profi les
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patient is not fed) are likely to exceed the short-term eff ects 
of parenteral feeding; at that time, these patients are likely 
to benefi t from parenteral nutrition. 

Outcome in animals
Several investigators10–19 have assessed parenteral versus 
enteral nutrition in animal models of acute illnesses. 
These models include peritonitis, methotrexate-induced 
enterocolitis, haemorrhagic shock, pneumonia, 
hepatectomy, and pancreatitis. Survival was diminished 
by parenteral nutrition in all10–18 but the pancreatitis 
study.19 For example, Petersen and colleagues12 assessed 
the eff ect of enteral feeding versus parenteral nutrition 
with and without lipids on survival using a model of 
Escherichia coli-haemoglobin peritonitis. Survival was 
signifi cantly decreased in the animals receiving parenteral 
nutrition (ie, <5% vs about 60% in the enteral group). Lin 
et al17 studied nutritional route and survival after 
intraperitoneal administration of E coli. Survival was 
signifi cantly higher in animals receiving nutrition via the 
enteral route (60% enteral vs 20% parenteral).  Another 
group13 assessed diff erent enteral diets versus parenteral 
nutrition in an animal model of haemorrhage. Survival 
was signifi cantly better in the enterally fed animals 
(76–100% enteral vs 37% parenteral). These workers14 also 
reported signifi cantly better survival in animals receiving 
enteral versus parenteral nutrition after high-dose 
methotrexate administration (50% vs 0%). Others13 
reported improved survival in animals after 70% 
hepatectomy with enteral versus parenteral feeding (91% 

vs 32%).  There was no diff erence in survival between 
nutrient routes in the pancreatitis study,19 despite greater 
bacterial transloc ation in the parenteral group. As a 
whole, animal work indicates that survival is improved 
with enteral compared with parenteral nutrition after 
various acute insults. However, investigators should be 
careful not to over-extrapolate from work in animals to 
man since results in animals might not indicate changes 
in people. Diff erences in outcomes between animals and 
man can result from species diff erences, diff erences in 
cell metabolism, and the nature of the models, which do 
not always indicate the true disease process in people.

Outcome in human beings
Parenteral nutrition was developed to support patients 
who did not have functioning gastrointestinal tracts, 
since without nutritional support many of them would 
die. However, as a result of the ease of administration, a 
failure to properly understand gut function and enteral 
feeding techniques, and an absence of simple enteral 
feeding devices, parenteral nutrition developed as a 
major technique for feeding patients with functioning 
gastrointestinal tracts. In my experience, up to 70% of 
patients receiving parenteral nutrition have impaired 
gastric emptying and diminished colonic motility. 
However, many have adequate small-bowel function and 
can be fed by the enteral route.

Notably, the popularisation of parenteral nutrition in 
patients with functioning small intestines took place in 
the absence of supporting evidence from prospective 
randomised trials. In this section, randomised studies of 
parenteral nutrition in acutely injured patients are 
reviewed.

Randomised clinical studies have assessed outcomes 
after trauma.20–25 Most of these studies showed more 
infections and longer lengths of stay in intensive care 
units in patients receiving parenteral nutrition than those 
receiving enteral nutrition.21–25 Cost of parenteral nutrition 
was higher than for enteral nutrition in these studies. 
Moore and colleagues21 reported a 17% frequency of 
infectious complications in enterally fed patients 

Panel 1: Eff ects of parenteral compared with enteral 
nutrition on gastrointestinal functions

Parenteral nutrition is associated with:
Gut atrophy*
Loss of gut hormone secretion
Reduced gut absorption
Decreased gut blood fl ow that is worse with vasopressor 
administration
Loss of the gut barrier (mucus secretion, IgA, gut associated 
lymphoid tissue, motility)
Altered gut microfl ora
Increased bacterial adherence
Increased microbe translocation
Increased gut permeability after infl ammatory insults*
Decreased gastric, intestinal, and pancreatic secretions*
Slower healing of anastomotic sites
Increased apoptosis
Hepatic dysfunction*
Decreased drug clearance by liver*
Hepatic injury*
Rare hepatic failure*
Cholestasis, gallstones*

Most data are derived from animal studies. Only a few of the changes have been 
confi rmed in man (designated with *).

Panel 2: Eff ects of parenteral compared with enteral 
nutrition on immune system function

Parenteral nutrition is associated with:
B and T cell dysfunction
Macrophage and neutrophil dysfunction
Impaired chemotaxis
Impaired phagocytosis
Impaired bacterial/fungal killing
Loss of gut associated lymphoid tissue
Decreased IgA secretion
Reticuloendothelial dysfunction
Increased infections
Increased proinfl ammatory cytokines
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compared with 37% in those fed parenterally; major 
infections were signifi cantly higher in parenterally fed 
patients (20% vs 3%). Kudsk and colleagues24 reported 
pneumonia, abscesses, or line infection or all three in 
40% of  parenterally fed patients versus 16% of enterally 
fed patients.24 The diff erence in infection rate between 
the two groups rose as the severity of illness worsened. 
In patients with an injury severity score greater than 20 
and an abdominal trauma index score greater than 24, 
the rate of infections was 67% in parenterally fed patients 
versus 15% in those fed enterally.24 Feliciano and 
colleagues25 reported higher infection rates (three of 11 vs 
one of 11), longer hospital stay (27 vs 14 days), and higher 
cost of nutrition in parenterally versus enterally fed 
patients. A meta-analysis23 of data from eight medical 
centres showed a 35% rate of infection in parenterally fed 
patients compared with 16% in those fed enterally. Length 
of stay in hospital was longer in parenterally fed patients 
after penetrating trauma (22 days vs 17 days), but mortality 
was similar in patients on parenteral nutrition compared 
with those fed enterally (10% vs 7%). On the other hand, 
others20 reported no diff erences in outcomes between 
nutrition groups. In an assessment of complications and 
costs of postoperative  parenteral versus enteral nutrition 
in trauma patients using data from published trials, Trice 
and colleagues26 showed that parenteral nutrition was 
associated with greater infections and higher costs than 
was enteral nutrition.  

Increased infections with parenteral nutrition in 
trauma patients were not thought to be due to raised 
blood glucose concentrations in Kudsk and colleagues’ 
analysis.27 However, most studies of enteral versus 
parenteral nutrition fail to assess the eff ect of 
hyperglycaemia on outcomes. Although blood glucose 
concentrations are known to be higher when glucose is 
given via the parenteral versus enteral route, whether 
control of glucose to similar concentrations would 
improve the eff ects of parenteral feeding on outcomes is 
unclear.  

Many cite Van den Berghe and colleagues’28 fi ndings as 
proof that tight glucose control improves outcomes from 
parenteral nutrition. However, that trial did not randomise 
patients receiving enteral versus parenteral nutrition to 
tight versus conventional glucose control and cannot 
directly address the issue. Patients in the trial received 
large quantities of intravenous dextrose (200–300 g per 
day) in addition to parenteral and enteral feeding, but the 
amount of parenteral versus enteral feeding and the 
compositions of feeding were not reported in the study 
groups. Moreover, the benefi ts for mortality were seen 
only in patients who remained in intensive care for 5 or 
more days (long-term patients). There was no benefi t on 
mortality in the subgroup of trauma patients. 

In a consecutive case study (before and after tight 
glucose control), Krinsley29 also noted no benefi ts on 
mortality in the trauma subgroup despite benefi ts in 
other patient groups. Thus, although we advocate tight 

control of blood glucose in critically ill patients and 
believe that some outcomes in parenterally fed patients 
such as infection should be improved with tight glucose 
control, defi nitive data to support these statements are 
not yet available. 

In fi ve studies, investigators assessed route of feeding 
in patients with head injuries. Three studies showed 
similar outcomes30–32 and two showed enhanced cognitive 
recovery with enteral feeding,33,34 despite similar blood 
glucose concentrations in one study.33 The American 
Gastroenterological Association (AGA) reviewed three 
randomised clinical trials of parenteral feeding in patients 
after burn injury.6  Two trials compared parenteral with 
enteral nutrition and one compared parenteral nutrition 
with lipid/dextrose solutions. In one study,35 of 28 patients 
with burns greater than 50% total body surface area, 
mortality was similar in those on oral feeding with 
parenteral supplementation (eight of 13) and those on 
oral alimentation (eight of 15). In a subsequent study36 of 
39 such patients mortality was signifi cantly higher (63% 
vs 26%) in the parenterally supplemented group than 
with enteral feeding alone.

Many workers have assessed parenteral and enteral 
nutrition in the perioperative period. Studies done before 
1986 are summarised in a meta-analysis.37,38 Eighteen 
clinical trials were included in the analysis. In most 
studies, the control groups did not receive enteral tube 
feeding but instead standard hospital care (intravenous 
fl uids until the patient could eat). One study showed 
statistically signifi cant reductions in complications and 
mortality with parenteral nutrition,39 whereas another 
study recorded signifi cantly increased mortality with 
parenteral nutrition.40 Overall, there were no diff erences 
between parenteral nutrition and control groups in 
reasonably well-nourished patients under going surgery. 

Since the previous analyses,37,38 several additional 
prospective randomised trials have been done. Most of 
these studies compared parenteral nutrition with enteral 
tube feeding. A multicentre trial41 assessed patients 
undergoing surgery for gastrointestinal cancers. By 
comparison with patients fed parenterally (n=158), fewer 
patients in the enteral group (n=158) had postoperative 
complications (34% vs 49% ) and the mean length of stay 
was shorter in the enteral group (13·4 vs 15·0 days). 
However, gastrointestinal intolerance (ie, distention, 
cramps, diarrhoea) was higher in the enteral group than 
in the parenteral group. Reynolds and colleagues42 
randomly assigned 67 patients after major upper 
gastrointestinal surgery to parenteral or enteral nutrition. 
Although the investigators concluded that there were no 
diff erences in outcomes between groups, the total 
parenteral nutrition group had more infections than did 
the enteral nutrition group (59% vs 39%). In another 
study,43 20 patients undergoing major upper gastrointestinal 
surgery were randomly assigned to parenteral or enteral 
feeding. Both groups had similar outcomes. Cost of 
nutritional support was lower in the enteral group than in 
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the parenterally fed patients. However, gastrointestinal 
intolerance was more common in the enteral group.

In a small trial44 of enteral versus parenteral feeding in 
29 patients undergoing total gastrectomy, complications 
(38% vs 50%), concentrations of C-reactive protein  
(32 vs 61 g/L), and cost were lower in the enteral group 
than in the parenteral group. An intention-to-treat 
analysis45 of 300 patients after major surgery 
(gastrointestinal, vascular, bladder) showed no diff erence 
in mortality (8% vs 6·6%) or length of hospital stay 
between groups randomly assigned to total parenteral 
nutrition or intravenous glucose and electrolytes. 
However, the number of complications was higher in the 
parenteral nutrition group than in the glucose and 
electrolytes group (227 in 150 patients vs 171 in 
150 patients). 

Other randomised trials have compared parenteral and 
enteral nutrition in patients undergoing major hepatic 
resection for liver cancer,46 in those undergoing total 
laryngectomy,47 and postoperatively in patients having 
gastrointestinal surgery.48 In hepatic resection patients, 
the parenteral group had a greater number of infections 
than the enteral group (8/13 vs 1/13). In 48 patients 
undergoing total laryngectomy, those in the enteral group 
had shorter lengths of stay than the parenteral group (26 
vs 34 days). After gastrointestinal surgery, complications, 
infections, length of stay, and mortality were much the 
same between groups given either total parenteral 
nutrion or enteral nutrition. However, costs were four-
fold lower in the enteral group.

Brennan and colleagues49 randomly assigned patients 
undergoing pancreatic resection for malignant disease to 
postoperative adjuvant parenteral nutrition (30–35 Kcal/kg 
daily) versus intravenous dextrose containing fl uids alone 
until adequate oral intake could be achieved. No benefi t 
could be seen from the use of parenteral nutrition in these 
patients. Complications (especially infection) were 
signifi cantly greater in the patients receiving parenteral 
nutrition. Mortality was not substantially diff erent in 
patients receiving parenteral feeding compared with those 
fed enterally; fi stula, abscess, anastomotic leak, and re-
operation were more common in parenterally fed patients. 
Another randomised study50 compared parenteral 
nutrition with one of two enteral formulas in patients 
undergoing pancreaticoduo denectomy or gastrectomy for 
cancer.  Parenterally fed patients had more infections 
(p=0·06), higher sepsis scores (p≤0·01), and longer length 
of hospital stay (p≤0·01) than enterally fed patients. There 
was no diff erence in mortality between groups. By 
contrast, Fan and colleagues51 studied 124 patients 
undergoing hepatic resection for hepatocellular carcinoma. 
Patients assigned to parenteral nutrition had fewer 
infections (17% vs 37%), decreased perioperative morbidity 
(34% vs 55%), and lower mortality (8% vs 15%) than did 
those in the enteral group.  

The absence of diff erences in outcomes between enteral 
and parenteral nutrition in studies of predominantly well 

nourished postoperative patients prompted the Veterans 
Aff airs Cooperative Study52 of malnourished patients 
undergoing elective surgical procedures. Most patients 
in this study underwent surgery for gastrointestinal and 
lung cancers. Patients were randomly assigned to 
preoperative and postoperative parenteral nutrition or to 
diet. Overall, total complications and 90-day mortality 
were similar between groups. However, major infections 
were signifi cantly greater in the group receiving 
parenteral nutrition (14% vs 6%). There were more 
catheter-related complications (ie, pneumothorax, air 
embolus) in the parenteral group than in the enteral 
group. In the subgroup of severely malnourished 
patients, infection rates were similar in enteral and 
parenteral groups, but non-infectious complications were 
lower in the parenteral group. Moreover, the parenterally 
fed patients received an excess of calories compared with 
the oral-diet group. Some experts speculate that the 
detrimental eff ects of parenteral nutrition in this study 
resulted from overfeeding. In an economic analysis of 
the Veterans Aff airs Cooperative Study Eisenberg and 
colleagues53 reported that the cost of caring for patients 
with parenteral nutrition was US$3169 (in 1993 dollars) 
more per patient than the cost of caring for similar 
patients without parenteral nutrition (ie, diet group).   

In a study by Cerra and and colleagues,54 no diff erences 
in mortality or development of organ failures were shown 
between  intensive care patients with sepsis after surgery 
who were given either enteral or parenteral nutrition.54 
Nutrition costs were higher in the parenteral group. The 
investigators concluded that enteral nutrition was as 
good as parenteral nutrition in these patients and could 
be used safely and at a lower cost.

The results of a recent meta-analysis6 of perioperative 
nutritional support from the AGA showed no clinically 
signifi cant diff erences in mortality, post-operative 
complications, or duration of treatment in hospital with 
parenteral nutrition. However, there was a small (6%) 
non-signifi cant decrease in complications compared with 
enteral nutrition. Notably, this analysis showed that 
perioperative patients who received lipids had better 
outcomes (compared with no lipids), and well-nourished 
patients were more likely to demonstrate benefi ts from 
parenteral nutrition than were malnourished surgical 
patients. On the basis of these studies, routine use of 
parenteral nutrition in patients undergoing elective 
surgery is not recommended. Parenteral nutrition should 
be used in those patients who cannot tolerate enteral 
feeding.

Patients receiving chemotherapy and radiation 
treatment for cancer frequently develop anorexia, nausea, 
vomiting, diarrhoea, and mucositis. They are at high risk 
for nutritional depletion. Several analyses6,55–58 have 
assessed use of parenteral nutrition in patients receiving 
cancer therapy. The results of these analyses accord with 
each other. McGeer and colleagues57 concluded that 
parenteral nutrition was associated with higher infection 
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rates (odds ratio 4·1, 95% CI 2·4–6·9), decreased survival 
(0·81, 0·62–1·00), and poorer tumour responses (0·68, 
0·4–1·1) in patients receiving chemotherapy. On the 
basis of these data, the American College of Physicians56 
stated “that parenteral nutritional support was associated 
with net harm, and no conditions could be defi ned in 
which such treatment appeared to be of benefi t. Thus, 
the routine use of parenteral nutrition for patients 
undergoing chemotherapy should be strongly 
discouraged.” The AGA6 concluded that there was no 
eff ect of parenteral nutrition on survival in patients 
receiving chemotherapy or radiation therapy. However, 
parenteral nutrition was associated with increased 
complications (+40%, 95% CI 14–66), infections (+16%, 
8–23), and decreased tumour response (–7%, –12 to –1). 
Parenteral nutrition had no eff ect on bone marrow or 
gastrointestinal toxicity. Importantly, the patients in these 
studies6,55–58 were able to tolerate oral diets or tube feeds. 
Individuals unable to tolerate enteral diets for long 
periods (greater than 5 days) might benefi t from 
parenteral nutrition.

There has been considerable debate on the use of 
parenteral versus enteral nutrition in patients with acute 
pancreatitis. A common belief that is still held by many 
clinicians is that parenteral nutrition rests the pancreas 
and improves recovery in patients with acute pancreatitis, 
whereas enteral nutrition worsens pancreatic injury. 
Thus, to assess the eff ect of parenteral and enteral 
nutrition on outcomes in patients with acute pancreatitis, 
we59 did a meta-analysis of six prospective randomised 
clinical trials of patients (n=263) with acute pancreatitis. 
The results indicate substantial improvement in 
outcomes with enteral feeding. Compared with parenteral 
nutrition, enteral nutrition was associated with reduced 
infection (relative risk [RR] 0·45, 95% CI 0·26–0·78), a 
fall in the need for surgery (0·48, 0·22–1·0), shortened 
length of stay (2·9 days, 1·6–4·3), fewer complications 
(0·61, 0·31–1·22), and lower mortality (0·66, 0·32–1·37). 
Although all indices were not signifi cant all were 
consistent and favoured the enteral groups. McClave60 
concluded that “enteral nutrition has emerged as the gold 
standard of therapy for nutrition support in the patient 
with severe acute pancreatitis” and that “enteral nutrition 
in severe acute pancreatitis is primary therapy and is a 
therapeutic management tool capable of favorably 
altering the patient’s hospital course”. Kaushik and 
O’Keefe61 noted in patients with acute pancreatitis that 
total parenteral nutrition is associated with catheter-
related sepsis and uncontrolled hyperglycemia that 
increases the risk of adverse outcomes and death. Thus 
enteral nutrition is the preferred route of nutrition 
support in patients with pancreatitis and should be 
initiated before starting parenteral nutrition.62 

Many patients with infl ammatory bowel disease (ie, 
Crohn’s disease, ulcerative colitis) have serious protein-
energy malnutrition. In the past, total parenteral nutrition 
and bowel rest were thought to cure or improve disease 

activity in patients with infl ammatory bowel disease. The 
results of some studies report an improve ment in 
symptoms in patients with infl am matory bowel disease 
on total parenteral nutrition. However, overall, parenteral 
nutrition results in much the same remission rates as 
those for control diets. Crohn’s patients treated with 
parenteral nutrition and elemental enteral diets showed 
similar short-term and long-term remission rates.63 
However, the benefi ts of enteral versus parenteral 
nutrition are best addressed in randomised studies.

Greenberg and colleagues64 undertook a multicentre 
controlled trial in which 51 patients with active Crohn’s 
disease were randomly assigned to total parenteral 
nutrition, defi ned-formula diets (tube feeds), or partial 
parenteral nutrition plus a low residue diet. There was no 
diff erence in response rates or remissions at 1 year. 
Similar results were reported by other investigators in 
both prospective65,66 and retrospective67 studies. Remission 
rates and need for surgery were similar between 
parenteral and enteral nutrition groups in patients with 
severe acute ulcerative colitis receiving glucocorticoids.68 
Additional studies in patients with ulcerative colitis have 
documented similar outcomes in parenteral compared 
with enteral nutrition.69,70 In a mixed group of patients 
with ulcerative colitis and Crohn’s disease given enteral 
or parenteral nutrition, clinical improvement was similar 
in both nutritional categories.71 On the basis of the 
evidence, parenteral nutrition provides little benefi t over 
oral diet or enteral nutrition in the treatment of 
infl ammatory bowel disease in patients with functional 
gastrointestinal tracts. Parenteral nutrition should be 
reserved for infl ammatory bowel disease patients who 
cannot tolerate enteral diets.

In a meta-analysis of 26 prospective randomised trials 
Heyland and colleagues72 compared total parenteral 
nutrition with standard care in critically ill patients. They 
did not include studies using tube feeds. Standard care 
(intravenous fl uids until the patient could eat), and 
parenteral feeding showed similar eff ects on complication 
rates and survival. In studies of malnour ished patients, 
parenteral feeding was associated with lower complication 
rates but no diff erence in mortality. The mortality rates 
in the subgroup of non-surgical critically ill patients were 
higher with parenteral feeding than with standard care. 
Parenteral nutrition was associated with lower 
complication rates than standard care but had no eff ect 
on mortality in surgical patients. Complication rates were 
lowest in parenterally fed patients, but mortality was 
unaff ected, in studies of parenteral nutrition that did not 
use lipids.

The Canadian clinical practice guidelines73 were based 
on studies of parenteral versus enteral nutrition in 
critically ill patients receiving mechanical ventilation. In 
these studies, although there was no diff erence in 
mortality between nutrition groups, enteral feeding was 
associated with a signifi cant decrease in infections 
(RR 0·61, 95% CI 0·44–0·84, p=0·003).  Braunschweig 
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and colleagues74 assessed randomised clinical trials of 
parenteral nutrition versus standard care and parenteral 
versus enteral nutrition in severely ill patients. Both 
standard care and enteral nutrition were associated with 
signifi cant decreases in infection rates (25% and 35%, 
respectively) compared with parenteral nutrition. 
Complications were also decreased (although not 
signifi cantly) with standard care and enteral feeding. 
There were no diff erences in mortality rates. In studies 
of predominantly malnourished patients, the same 
researchers showed that enteral feeding was better than 
parenteral feeding in having a decreased rate of 
infections.74 However, the mortality and infection rates 
associated with parenteral nutrition were lower than 
those for standard care in this subgroup. 

Gramlich and colleagues75 assessed enteral versus 
parenteral nutrition from 13 studies in critically ill patients 
(excluding surgical patients). Enteral nutrition was 
associated with reduced infections (RR 0·64) but no 
diff erence in mortality (1·08). There was no diff erence in 
length of hospital stay. However, parenteral nutrition was 
associated with a higher incidence of hyperglycaemia and 
higher costs than enteral nutrition. 

A meta-analysis76 of 30 randomised clinical trials 
compared early enteral with early parenteral feeding. Ten 
trials were in medical patients, 11 in surgical patients, and 
nine in trauma patients.  There was no diff erence between 
nutrition groups for mortality. However, enteral feeding 
was associated with shortened length of stay in hospital 
(mean reduction 1·2 days). By contrast, parenteral nutrition 
was associated with signifi cantly more infections (7·9%) 
and non-infectious complications (4·9%, p=0·04); the 
enteral groups had more diarrhoea (8·7%, p=0·001). 

Simpson and colleagues77 investigated standard enteral 
nutrition compared with standard parenteral nutrition 
on outcomes in critically ill patients using meta-analysis 
of studies applying the intention-to-treat principle. 
11 studies of trauma, cancer, and pancreatitis patients 
were included in the analysis. Overall, there was a 
mortality benefi t in favour of parenteral nutrition. 
However, the mortality benefi t was recorded only in 
studies of late enteral feeding (an a-priori subgroup 
analysis). Patients receiving early enteral feeding (before 
24 h) had similar survivals compared with patients 
receiving parenteral feeding. Overall, infections were 
increased in patients receiving parenteral feeding. The 
investigators concluded that the overall fi ndings of this 
meta-analysis would not lead them to recommend the 
use of parenteral nutrition in patients in whom enteral 
nutrition could be initiated within 24 h of injury or 
admission to intensive care. An evidence-based 
recommendation of grade B+ could be generated for the 
use of parenteral nutrition in patients in whom enteral 
nutrition could not be initiated within 24 h of injury or 
admission to intensive care. Overall, the results of these 
analyses in critically ill patients indicate that enteral 
feeding is the preferred route of nutritional support in 

critically ill patients who can tolerate early enteral feeding, 
and parenteral nutrition should be reserved for those 
who cannot tolerate early enteral nutrition. 

Severe gastrointestinal side-eff ects and dietary depletion 
are common in bone marrow transplant patients, and 
predispose these patients to infections. Weisdorf and 
colleagues78 randomly assigned 137 well-nourished bone 
marrow transplant patients to total parenteral nutrition 
or intravenous fl uids, starting 1 week before 
transplantation. All patients were encouraged to maintain 
oral intake. However, oral intake and total calorie/protein 
intake was very low in the control group. Thus, the 
controls received very little nutrition whereas those given 
parenteral nutrition received adequate nutrition for the 
stress state. 40 of the controls  eventually received 
parenteral feeding because of caloric depletion. Minimum 
follow-up was 1 year (median 2 years). There was no 
diff erence in engraftment, incidence of bacteraemia, and 
duration of treatment in hospital. However, survival, time 
to relapse, and disease-free survival were signifi cantly 
better in the parenteral nutrition group.

Other researchers79 examined bone marrow transplant 
patients given either total parenteral nutrition or enteral 
feeding (included tube feeding if necessary). Compared 
with enteral feeding, parenteral nutrition was associated 
with more frequent hyperglycaemia, more catheter-
related complications, and higher nutrition-related costs. 
There was no diff erence in rate of haemopoietic recovery, 
length of stay in hospital, or survival. The investigators 
concluded that “TPN [total parenteral nutrition] be 
reserved for BMT [bone marrow transplant] patients who 
demonstrate intolerance to enteral feeding”.79

A prospective non-randomised study80 assessed 
parenteral nutrition designed to meet metabolic demands 
versus partial parenteral nutrition (hypocaloric, no lipids, 
low protein), in 61 patients undergoing autologous 
haemopoietic stem-cell transplantation. Both groups were 
allowed ad lib food intake. Unfortunately, the amount in 
each group was not recorded. The formulas also diff ered 
in nutrient composition: the full parenteral nutrition 
formula contained lipids, trace elements, and vitamin K.  
Compared with the group receiving partial parenteral 
nutrition, the group receiving full parenteral nutrition 
had higher serum urea and glucose concentrations, a 
higher incidence of infections, and delayed platelet 
engraftment requiring more platelet transfusions. 
However, this study really compares two levels of intake 
and formulas diff ering in nutrient composition. The 
results suggest that underfeeding of calories and lipid-
free nutrition was associated with improved outcome. 

Four randomised clinical trials6 assessed parenteral 
nutrition in patients undergoing bone marrow 
transplantation for cancer. One of these trials assessed 
the role of home parenteral nutrition. When data from 
the remaining three trials were combined, there was a 
trend toward lower mortality with parenteral nutrition 
than with enteral nutrition.6 Another study81 assessed 
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24 patients undergoing orthotopic liver transplantation, 
who were randomly assigned to enteral or parenteral 
nutrition. There were no diff erences between groups for 
number of days on ventilators, length of hospital stay, 
infections, or mortality. 

Parenteral nutrition has been assessed in seven studies 
of alcoholic hepatitis.6 Five of these trials compared 
protein-sparing therapy with standard care. Parenteral 
nutrition failed to improve survival or reduce total 
complications. However, there was a trend toward less 
encephalopathy. Hepatic encephalopathy improved more 
often or more rapidly in patients receiving branched-
chain aminoacid solutions.6 A previous meta-analysis 
also suggested that branched-chain aminoacid-based 
parenteral nutrition was of benefi t in treating hepatic 
encephalopathy.82 None of the trials compared parenteral 
with enteral branched-chain aminoacid formulas.

Five randomised clinical trials assessed parenteral 
nutrition with essential aminoacids in patients with acute 
renal failure.6,83 Control groups received isocaloric 
dextrose without aminoacids in three trials, whereas two 
trials used parenteral nutrition with standard aminoacids. 
A meta-analysis concluded that there was no eff ect of the 
parenteral nutrition based on essential aminoacids on 
survival.6,83 However, recovery from organ dysfunction 
was improved with the essential aminoacid-based 
parenteral nutrition. I identifi ed no trials that assessed 
enteral versus parenteral nutrition on outcomes in 
patients with acute renal failure. 

Supplemental parenteral nutrition
Herndon and colleagues35 randomly assigned 28 patients 
with burns greater than 50% of total body surface area to 
parenteral nutrition supplementation of oral alimentation 
or oral alimentation alone. Mortality was similar in each 
group. In an additional study of burn patients, these 
workers36 randomly assigned 39 patients with burns 
greater than 50% total surface area to intravenous 
parenteral supplementation of enteral diets or enteral 
diets alone. In this small study, mortality was signifi cantly 
higher (63% vs 26%) in the parenteral supplemented 
group compared with enteral feeding alone. Another 
study84 assessed supplemental parenteral nutrition in 
patients after blunt trauma. Mortality was similar 
between groups. No diff erence in mortality was recorded 
in two additional studies of critically ill patients.85,86 In a 
meta-analysis87 of the fi ve studies cited above overall 
mortality was 1·27 (95% CI 0·82–1·94, p=0·3). Two 
studies85,86 reported infectious complications and length of 
stay; there were no diff erences between groups. Overall, 
there are no data to indicate benefi t from supplementing 
parenteral nutrition to enteral nutrition in hospital 
inpatients. However, the absence of benefi t from 
supplemental parenteral nutrition might have resulted 
from administration of excess calories.  

Most parenteral nutrition formulas do not contain 
glutamine, a conditionally essential aminoacid that is an 

important fuel and modulator of gut and immune 
function. The addition of glutamine to parenteral 
formulas has been associated with fewer complications 
and lowered mortality rates.88–93 Although intravenous 
glutamine is not available in the USA, intravenous 
glutamine formulations are available in Europe. 
Furthermore, the most common lipid sources used 
during parenteral feeding are high in omega-6 long-chain 
polyunsaturated fatty acids. These lipids show 
proinfl ammatory and immunosuppressive actions. Some 
studies of parenteral nutrition suggest that administration 
of the formula without lipids is associated with fewer 
infections.72,94,95 Only high omega-6 polyunsaturated 
intravenous lipid sources are available in the USA. 
However, intravenous lipids supplemented with omega-3 
polyunsaturated fatty acids, olive oil, and medium-chain 
triglycerides are available for use in parenteral nutrition 
in Europe. Improvements in parenteral formulas might 
improve their performance.

Benefi ts of enteral nutrition
Although there remains little controversy about the 
superiority of enteral over parenteral nutrition in most 
patient groups, the mechanisms of the benefi cial eff ects 
of enteral over parenteral nutrition remain unclear, and 
full discussion is beyond the constraints of this Review. 
Available data indicate many potential mechanisms. The 
exact mechanisms are likely to be patient-, disease-, and 
time-specifi c. Benefi cial eff ects of enteral formulas might 
relate to the substrates used (ie, proteins and peptides, 
omega-6 and omega-3 lipids, complex carbohydrates), 
which are more supportive of cell and organ functions 
than nutrients present in parenteral feedings. Most 
parenteral formulas do not contain (or are low in) some 
conditionally essential aminoacids (such as glutamine) 
and can be too low in antioxidants and other 
micronutrients. Enteral nutrition is associated with lower 
blood glucose concentrations than is parenteral feeding. 
Recent data from many sources suggest that hyper-
glycaemia suppresses immune functions, increases 
infections rates, and reduces survival in critically ill 
patients. Thus, improved control of circulating glucose 
concentrations could account for lower infections in 
patients receiving enteral nutrition. Enteral nutrition is 
frequently administered at lower rates than parenteral 
nutrition, resulting in less overfeeding. Enteral feeding 
better supports gut mass and barrier function, and 
diminishes microbe translocation across the intestinal 
mucosa. Enteral feeding is also more supportive than 
parenteral feeding of immune functions. Further study 
into these mechanisms is needed so as to allow for 
improvement in nutrient administration.

Indications for parenteral feeding
There are specifi c advantages to parenteral nutrition. 
Nutrient bioavailability is more dependable after 
parenteral compared with enteral administration, and 
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many nutrient eff ects can be obtained in shorter times. 
Parenteral nutritional support does not require a 
functioning gastrointestinal tract and gut access. 
Nutrients can be easily administered, and the quantity 
given is not aff ected by satiety, abdominal distention, 
nausea/vomiting, diarrhoea, fi stula drainage, or bowel 
ischaemia. Parenteral nutrition can be easily given to 
patients in whom enteral feeding is contraindicated 
(eg, gastrointestinal bleeding, gut ischaemia). Enteral 
nutrition could be associated with aspiration, diarrhoea, 
and gut ischaemia. In patients with these complications, 
parenteral nutrition off ers an alterative to enteral 
feeding.

Previously well-nourished patients rarely benefi t from 
the acute administration of parenteral nutrition. The 
benefi ts of parenteral nutrition are seen largely in 
patients who are malnourished and unable to receive 
adequate enteral nutrients as a result of gastrointestinal 
insuffi  ciency. Such patients include those with short gut 
syndromes, severe gut dysfunction (eg, dysmotility, 
malabsorption), mesenteric vascular insuffi  ciency, gut 
ischaemia or infarction, bowel obstruction, 
gastrointestinal bleeding, severe abdominal distention, 
severe diarrhoea, large volume fi stula output, and 
inability to access the gastrointestinal tract. In many of 
these patient groups, parenteral nutrition is life saving. 

Future research
Parenteral nutrition remains an important patient 
support modality in people without functional 
gastrointestinal tracts; future research should be aimed 
at improving the technique. Vital to this research is the 
identifi cation of subgroups of patients who are likely to 
benefi t from parenteral nutrition and establishment of 
the optimum timing of the intervention. Research should 
also be oriented towards the identifi cation of the 
mechanisms that underly the adverse eff ects of parenteral 
nutrition, and of methods to overcome these eff ects. 
Finally, future research should continue to explore the 
use of new substrates and improved compositions to 
better support patients with many diff erent diseases. 
These aims are not unique to parenteral nutrition but 
also apply to enteral feeding.

Conclusions
Almost all outcome studies from clinical trials comparing 
parenteral with enteral nutrition or intravenous fl uids in 
acutely ill adults with functioning gastrointestinal tracts 
fail to document improved outcomes from parenteral 
nutrition. In many patient groups, enteral nutrition 
resulted in signifi cantly reduced rates of infection, sepsis, 
length of stay in hospital, and costs. The exact reasons for 
the eff ectiveness of enteral over parenteral nutrition in 
patients with functional gastrointestinal tracts are not 
wholly clear. Potential reasons include the nature of the 
substrates, support of the gastrointestinal tract, adverse 
eff ects from the technique of nutrient administration 

(ie, overfeeding, hyperglycaemia), use in subgroups that 
do not benefi t, methodological constraints of the clinical 
trials (ie, patient selection, size of the studies, 
heterogeneity of the study populations), and pre-injury 
nutritional and organ status of the patients.

In my experience, many patients with functioning 
gastrointestinal tracts continue to be fed with parenteral 
nutrition. Hospitals need to develop evidence-based 
guidelines for the appropriate use of enteral and 
parenteral nutrition; nutritional support off ers unique 
opportunities to improve patient care, reduce 
complications, and decrease costs.  
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