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OBJECTIVE: Nutritional support is part of the standard of care for the critically ill adult patient. In the
average patient in the intensive care unit who has no contraindications to enteral nutrition (EN) or
parenteral nutrition (PN), the choice of route for nutritional support may be influenced by several factors.
Because EN and PN are associated with risks and benefits, we systematically reviewed and critically
appraised the literature to compare EN with PN the critically ill patient.

METHODS: We searched computerized bibliographic databases, personal files, and relevant reference lists
to identify potentialy eligible studies. Only randomized clinical trials that compared EN with PN in
critically ill patients with respect to clinically important outcomes were included in this review. In an
independent fashion, relevant data on the methodology and outcomes of primary studies were abstracted
in duplicate. The studies were subsequently aggregated statistically.

RESULTS: There were 13 studies that met the inclusion criteria and, hence, were included in our
meta-analysis. The use of EN as opposed to PN was associated with a significant decrease in infectious
complications (relative risk = 0.64, 95% confidence interval = 0.47 to 0.87, P = 0.004) but not with any
difference in mortality rate (relative risk = 1.08, 95% confidence interval = 0.70to 1.65, P = 0.7). There
was no difference in the number of days on a ventilator or length of stay in the hospital between groups
receiving EN or PN (Standardized Mean Difference [SMD] = 0.07, 95% confidence interval = —0.2 to
0.33, P = 0.6). PN was associated with a higher incidence of hyperglycemia. Data that compared days
on aventilator and the development of diarrheain patients who received EN versus PN were inconclusive.
In the EN and PN groups, complications with enteral and parenteral access were seen. Four studies
documented cost savings with EN as opposed to PN.

CONCLUSION: The use of EN as opposed to PN results in an important decrease in the incidence of
infectious complications in the critically ill and may be less costly. EN should be the first choice for

nutritional support in the critically ill.

Nutrition 2004;20:843—848. ©Elsevier Inc. 2004

KEY WORDS: enteral nutrition, parenteral nutrition, critical illness, meta-analysis

INTRODUCTION

In the critically ill patient, malnutrition results in impaired immu-
nologic function, impaired ventilatory drive, and weakened respi-
ratory muscles leading to prolonged ventilator dependence and
increased infectious morbidity and mortality rates.r Malnutrition is
prevalent in patients in the intensive care unit (ICU), and its
prevalence has been reported to be as high as 40% and is associ-
ated with poor outcome.2 Recent reviews have documented evi-
dence that nutritional support influences morbidity and mortality
rates in critically ill patients3. Parenteral nutrition (PN) is used in
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12% to 71% and enteral nutrition (EN) is used in 33% to 92% of
critically ill patients who receive nutritional support.4—2

The genera benefits of nutritional support include improved
wound healing,® a decreased catabolic response to injury,1° im-
proved gastrointestinal permeability,1! decreased bacterial translo-
cation,2 and improved clinical outcomes, including a decrease in
complication rates and length of stay with accompanying cost
savings.13-16 However, nutritional support is not without adverse
effects and risks. Early EN may be associated with high gastric
residuals,t” bacterial colonization of the stomach, and increased
risk of aspiration pneumonia.l® PN has been associated with gut
mucosal atrophy, overfeeding, hyperglycemia, an increased risk of
infectious complicationst® and increased mortality rates'® in crit-
ically ill patients. Both forms of nutritional support can affect cost
and workload.

Various factors influence the choice of EN or PN, one of which
is the estimate of treatment benefit and risk of harm.

Braunschweig et al.20 conducted a meta-analysis to review
prospective, randomized, controlled trials that randomly assigned
patients to EN or PN and in which PN was provided at or above
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estimated needs. Studies included patients identified as having
compromised gastrointestinal function (pancreatitis, ulcerative co-
litis, or Crohn's disease), surgery, trauma, or multisystem organ
failure. When the results of the trials were aggregated, tube feeding
was associated with a lower risk of infection but a higher risk of
complications associated with nutritional support. The strength of
this association was questioned because of a significant test for
heterogeneity (P = 0.03). There was no treatment effect for EN on
other complications or mortality rate. Koretz et a., in the AGA
Technical Review on Parenteral Nutrition2:, performed a global
meta-analysis on 82 randomized, controlled trials to assess the
clinical efficacy of PN, including perioperative trials, oncologic
therapy trials, acoholic hepatitis trials, and trials in low-birth-
weight infants. They also tried to distinguish whether or not
malnutrition was present in patient populations. They identified
that PN did not influence mortality or overall complication rates
but that it was associated with an increased risk for infection.

One of the limitations of these previous reviews is the hetero-
geneity of the patient populations included in the meta-analyses.
The treatment effect of nutritional support differs depending on the
population studied. Heyland et al.*® compared PN with standard
care (oral diet plus intravenous dextrose) in surgical and critically
ill patients and found that, overall, PN did not influence overall
mortality rate, but that there was a trend toward decreased com-
plication rates in malnourished patients. They identified that study
results were influenced by patient populations. Patients undergoing
major surgery were more likely to achieve a positive outcome with
PN, whereas critically ill patients were more likely to have a
complication and die. The differences in treatment effect across
these groups were statistically significant. This suggests that the
results of studies in patients who are not criticaly ill are not
generalizable to those who are.

Because there have been several small clinical studiesthat have
compared EN with PN in specific populations of patients with
critical illness,22-34 we systematically reviewed and statistically
aggregated all studies that compared EN with PN in the critically
ill to allow amore precise estimation of the treatment effect and to
increase the power to identify a treatment effect that may not be
apparent in smaller individual studies.

MATERIALS AND METHODS
Search Strategy

We conducted a computerized bibliographic search of Medline,
Embase, Cinahl, and Cochrane Library for studies from 1980 to
August 2002 to locate all relevant articles. Search terms included
nutritional support, dietary supplementation, enteral nutrition,
parenteral nutrition, peripheral nutrition, total parenteral
nutrition, nutritional support team, nutrition requirements, nutri-
tional assessment, parenteral nutrition solutions, critical care,
critical illness, and intensive care units. In addition, persona files
and relevant review articles were searched for additional studies.

Study Selection Criteria

Studies were selected for inclusion in the review process it they

met the following criteria:

1. Study design: randomized clinical trial and meta-analysis of
randomized controlled trials (pseudo-randomized trials were
excluded).

2. Population: criticaly ill, human adult patients (patients who

underwent elective surgery were excluded).

. Intervention: any form of EN or PN.

. Outcomes. primary outcomes of interest were mortality rate
(ICU, hospital, or long term) and infectious complications.
Secondary endpoints included length of stay, quality of life,
functional recovery, complications, and cost.

AW

Nutrition Volume 20, Number 10, 2004

We elected to include only randomized trias in this review.
The trials evaluated the effect of PN administered at or above
estimated energy needs compared with the effect of EN in the
criticaly ill. We defined critically ill patients as those who would
be routinely cared for in the critical care environment. We ex-
cluded studies of pediatric or neonatal patients. Studies were not
limited to those that involved English-speaking adult patients.
Studies that evaluated the effect of PN or EN on nutritional
outcomes (i.e., nitrogen balance, amino acid profile) were not
included in this review.

Methodologic Quality of Primary Studies

Each randomized trial was critically appraised according to an
explicit procedure. The two appraisers (L.G. and J.P.) appraised
the following descriptors: intervention, study population, nature of
allocation, co-intervention, exclusion after randomization, double
blinding, event rates, relative risk (RR), and other outcomes.
Clinical trials were assigned “level 1" if they reported information
on concealed randomi zation, blinded outcome adjudication, and an
intent-to-treat analysis. Trialswere assigned “level 2" if any one of
those characteristics was unfulfilled. For the one meta-analysis
included in the review process, the following descriptors were
abstracted: intervention, number of trials, population selection
criteria, search strategy, independent validity assessment, method
of pooling results, assessment of homogeneity, pooled event rates,
and other outcomes. Disagreement between appraisers was re-
solved by consensus. When data were missing, unclear, or not
reported on a per-patient basis, we attempted to contact the pri-
mary investigator and request further information. One investiga-
tor2” provided data on a subset of critically ill patients who were
randomized to received EN or PN, and these data were included in
the analysis. A priori, we considered that the harmful effect of PN
might be associated with relative overfeeding and hyperglycemia.
Accordingly, we conducted a subgroup analysis to determine the
effect of excess calories (PN versus EN) and higher glucose levels
(across groups).

The primary outcomes were mortality rate and infectious com-
plications. Data from all relevant studies were combined to esti-
mate the common risk ratio and associated 95% confidence inter-
vals (95% Cls). The common risk ratios and their confidence
intervals were estimated by using the random effect model of
DerSimonian and Laird3> as implemented in RevMan 4.1.36 We
considered P < 0.25 to be supportive of atrend and P < 0.05 to
be statistically significant. A test for heterogeneity was considered
significant if P < 0.05, indicating heterogeneity among studies,
thereby weakening the estimate of overall treatment.

RESULTS
Study I dentification and Selection

Twenty-seven citations of randomized controlled trials were
identified in the bibliographic search, our personal files, and
review of references. Of these studies, there were 12 level 2
studies®11.16.22-26 gnd one level 1 study?’ that met the inclusion
criteria?8-32 and described a total of 856 criticaly ill patients. The
13 studies are presented in Table I, which lists study populations,
designs, interventions, and outcomes (mortality rate, infections,
length of stay in the ICU, days on a ventilator, and cost). Reasons
for exclusions were studies?0.33:34.37-48 that examined a mix of
patients who and were not critically ill or that examined patients
who underwent elective surgery. The 13 studies included reflected
a heterogeneous population of ICU patients who had head trauma
and injuries, abdominal trauma, sepsis, cardiac bypass, or severe
acute pancreatitis. In the study by Woodcock et al.,2” we abstracted
data concerning only ICU patients, and 11 of 38 patients moved
between groups after randomization. The data on mortality rate
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TABLE I.

RANDOMIZED CLINICAL TRIALS THAT COMPARED EN WITH PN IN CRITICALLY ILL PATIENTS

Subjects Infection Mortality LOS VD

References EN PN Population EN PN EN PN EN PN EN PN
29 23 23 Trauma and laparotomy 15 (65) 17 (74) 1(4) 3(13) 30 31 12 10
22 28 21 Closed-head injury N/A N/A 5(18) 1(5) 39 37 N/A N/A
23 31 35 Post sepsis N/A N/A 7(22) 8(23) N/A N/A N/A N/A
28 12 15 Blunt trauma N/A N/A 1(7) 1(8) N/A N/A N/A N/A
11 13 11 Cardiac bypass N/A N/A 2 (15) 6 (55) N/A N/A N/A N/A
24 21 24 Head trauma 17 (80) 15 (63) 3(19) 2(8) N/A N/A N/A N/A
32 18 20 Acute pancredtitis 5 (28) 10 (50) 1(6) 2 (10) 11 12 15 11
16 51 45 Abdominal trauma 9(16) 18 (40) 1 1 20.5 19.6 2.8 32
26 29 30 Abdomina trauma 5(17) 11 (37) 0 0 N/A N/A N/A N/A
25 118 112 High-risk surgical 19 (16) 39 (35) 8(7) 11 (10) 17 2 N/A N/A
30 18 20 Head injury N/A N/A 9 (50) 3(15) 49.4 52.6 10.3 10.4
27 17 21 Malnutrition 6 (38) 11 (52) 9(53) 5(24) 33.2 27.3 N/A N/A
31 28 23 Brain injury 5(18) 4(17) 10 (36) 10 (43) N/A N/A N/A N/A

EN, enteral nutrition; N/A, not available; PN, parenteral nutrition

and infectious complications from the 1989 study by Moore et
al.26 were included in their 1992 meta-analysis,2> whereas data
on caloric intake, blood sugars, and non-septic complications
were not and, hence, appeared in the tables of the 1989 study.26

Effect of EN Versus PN on Clinical Outcomes

Nine of the 13 studies reported data on infectious complications
with EN versus PN. The nature of the infectious complications
varied with the particular patient population and included pneu-
monia, aspiration pneumonia, urinary tract infections, bacteremia,
wound infection, abdomina abscess, and line sepsis. When the
data were aggregated from these studies (Figure 1), there was a
significant decrease in the number of patients with infectious
complications who had received EN rather than PN (RR = 0.64,
95% CI = 0.47 to 0.87). The test for heterogeneity of this aggre-
gate was not statisticaly significant (P = 0.22). All 13 studies
reported mortality rate as an outcome. The result of this analysis
(Figure 2) demonstrated no difference in mortality ratein critically
ill patients on EN versus PN (RR = 1.08, 95% CI = 0.70 to 1.65),
with a non-significant test for heterogeneity of 0.2.

When a subgroup of studies in which the PN group was fed
more calories than the EN group (non-isocaloric dosing across

groups) were aggregated16.26.27.30.31 (Figure 3), EN was associated
with a trend toward an excessive mortality rate (RR = 1.58, 95%
Cl = 0.7510 3.35, P = 0.2) compared with PN. When the trialsin
which EN and PN were fed isocalorically were aggregated, there
was no effect between EN and PN (RR = 1.08, 95% CI = 0.56 to
2.06, P = 0.8). Mortality rate in the subgroup analysis that com-
pared patients who received PN and had higher levels of blood
sugar with those who received EN showed no effect (RR = .093,
95% Cl = .021 to 4.15, P = 0.90) when compared with studiesin
which patients' levels of blood sugar were similar across groups.

There was no difference in length of stay16.22.25.27.29.3032 or
days on ventilation?6.29.30.32 hetween groups receiving EN or PN,
but the information was not aggregated statistically due to insuf-
ficient data.

Only three studies reported on baseline nutritional status, and
data regarding the relation of nutritional status to outcome were
not available.

Of the studies that reported on nutritional intake, 5 of 11
associated PN with alarger caloric intake.16.2527.3031 Three studies
associated EN with an increase in diarrhea, 162331 and one reported
decreased diarrhea.22

Four studies reported cost savings with the use of EN rather
than PN'22,23,29,32

Study EN PN RR (random) Weight RR (random)

or sub-category niN i 95% Cl % 95% Cl Year
Adams 15723 17/23 —.l— 31.07 0.88 [0.60, 1.30] 1986
Kalfarentzos 5/18 10/20 —_— 10.53 0.56 [0.23, 1.32] 1997
Kudsk 9/51 18/45 — 14.94 0.44 [0.2z, 0.88] 1992
Moore 1992 19/118 39/112 —— z4.28 0.46 [0.29, 0.75) 1992
Woodcock 6/16 11721 —_— 13.15 0.72 [0.34, 1.52] z001
Young 5/z8 4723 ——————— 6.03 1.03 [0.31, 3.39] 1987
Total (5% Cly 254 244 L 100.00 0.64 [0.47, 0.87]

Total events: 59 (EN), 99 (PN)

Test for heterogeneity: Chi? = 7.00, df =5 (P =0.22), F = 28.6%

Test for overall effect: Z = 2.87 (P = 0.004)

01 02

05 1 2 5 10
Favours EN

Favours PN

FIG. 1. EN is associated with fewer infectious complications than is PN (RR = 0.64, P = 0.004). 95% CI, 95% confidence interval; EN, enteral nutrition;

PN parenteral nutrition; RR, relative risk.
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EN PN Weight RR

Study niN nN (95%CI Random) % (95%C1 Random) Year
Adams 1123 3123 —_— 35 0.33[0.04,2.97] 1986
Borzotta 5128 1/ — 38 3.75[0.47 29.75] 1994
Cerra 713 8135 —— 1441 0.99[0.40,2.41] 1998
Dunham 1112 1415 — 24 1.25[0.09,17 88] 1994
Hadfield 2113 6711 —_— ) 76 0.28(0.07,1.13] 1985
Hadley 3/ 2124 S B — 55 1.71[0.32,9.30] 1986
Ksifarertzos 1118 2/20 _— 31 0.56[0.05,5.62] 1997
Kudsk 1151 1145 PR 23 0.88{0.06,13.70] 19892
Moore 1982 8/118 117112 — 145 0.68(0.28,1.65] 1892
Rapp 9/18 3/20 A — 102 3.33[1.07,10.43] 1983
Woodcock 9117 5121 - 142 2.22{0.925 .40} 2001
Young 10428 10723 1898 0.82[042,1.62] 1987

Totak(35%Cl) 57 41378 537370 1000 1.08[0.70,1.85)

Test for heterogeneity chi-square=14.70 df=11 p=02

Test for overall effect z=0.34 p=0.7

o1 1 10 100

Faveurs EN

Favours PN

FIG. 2. EN does not differ from PN with respect to mortality rate (RR = 1.08, P = 0.7). 95% ClI, 95% confidence interval; EN, enteral nutrition; PN

parenteral nutrition; RR, relative risk.

DISCUSSION

The body of literature regarding nutritional support in critically ill
patients continues to grow, but, because of methodic limitations
and the small size of many of the studies, making inferences and
generalizing results fromindividua trials are problematic. Because
the treatment effects of EN and PN vary depending on the patient
population, in contrast to previous reviews, we systematically
examined all randomized trials that compared EN with PN specif-
icaly in criticaly ill patients. The data, when aggregated, demon-
strated that patients on EN developed fewer infectious complica-
tions. Further, neither EN nor PN was associated with a survival
advantage. Complications were seen with both forms of therapy.

Although a meta-analysis does not replace a large, multicenter,
randomized, controlled trial that compares EN with PN in the
critically ill patient, it does provide useful information and can
guide us in the development of such atrial to specifically assess
treatment effects of EN versus PN. This would also require a
change in how the nutrition community performs such studies, so
that larger multicenter, randomized, controlled trials could be
performed in this patient population. Among the limitations, we
acknowledge the heterogeneity in the formulations and amount of
energy provided by nutritional support in patients receiving EN
and PN. We also recognize the difficulty of conducting studies in
severely ill patients who often have an unpredictable course in the
ICU and determining the effect of that course on outcome. Other

important considerations for inclusion in future studies investigat-
ing nutritional support in critical illness would be a quantifiable
assessment of disease severity (Injury Severity Score and Second
Acute Physiology and Chronic Health Evaluation) and baseline
nutritional status.

The main clinical implication of our data concerns the use of
nutritional support in critically ill patients who can tolerate some
EN. Our findings suggest that EN is the preferred method to
provide nutritional support to critically ill patients. Although we
did not find any difference in mortality rate between patients
administered EN and PN, the meta-analysis lacked power to detect
asmall but meaningful treatment effect. Moreover, a differencein
infectious complications alone warrants a preferential recommen-
dation of EN. Acquired infection, in particular ventilator-
associated pneumonia, isamajor problem for critically ill patients,
which resultsin increased morbidity and mortality rates and health
care costs.#9-51 Perceived barriers to using EN for nutritional support
include concerns over the risk of aspiration pneumonia, high gastric
residuals and bowel irregularities, and an inability to reach targeted
nutritional goal rates. In those patients on pressors, there is the
added concern of the potential to increase the oxygen demand of
the gastrointestinal tract in those who are fed with EN.52

Recent guidelines that address decreasing the risks and maxi-
mizing the benefits of EN have been published.5® These guidelines
include an evidence-based evaluation of nutritional support in the

EN PH RR Weight RR
Study nH nM (95%C1 Random) % (95%C1 Random) Year
Kudsk 1151 1 J; 45 B ——— E—— 66 0.88[0.06,13.70] 1992
X Moore 1989 0/29 0/30 00 Not Estimable 1988
Rapp 9/18 3720 ——_—— 243 3.33[1.07,10.43] 1983
Woodcock 97117 5121 - 32 2.22(0.92,5.40] 2001
Young 1028 10123 —L 378 0.82{0.42,1 62} 19687
Total(95%Cl) 297143 187138 1000 1.58[0.75,3.35]
Test for heterogeneity chi-square=581 df=3 p=0.12
Test for overall effect z=1.20 p=02
o1 A 1 100

Favours EN

Favours PN

FIG. 3. EN in non-isocaloric studies (in which the PN group received more calories than the EN group) is associated with a trend toward an excessive
mortality rate. 95% Cl, 95% confidence interval; EN, enteral nutrition; PN parenteral nutrition; RR, relative risk.
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ventilated, critically ill patient and review EN versus PN compo-
sitions of nutritional support. Several measures have been shown
to decrease the risk of aspiration pneumoniain criticaly ill patients
on EN.54-57 Gastrointestinal promorbidity agents in the ICU have
been systematically reviewed recently;38 although no study dem-
onstrated a positive effect on clinical outcomes, promorbidity
agents as a class appear to increase indexes of gastrointestinal
transit and “tolerance” of feeding. Small bowel feeding, beyond
the pylorus, may also be associated with a decrease in gastroesoph-
ageal regurgitation, an increase in nutrient delivery, and a lower
rate of ventilator-associated pneumonia.5® The use of an EN feed-
ing protocol with a gastric residual threshold volume of 250 mL
may also positively affect tolerance of tube feeds and achievement
of goal rates.®°

Why is there an increased risk of infection associated with PN
inthecritically ill patient? Although perhaps controversial 1661 the
adverse effects of PN have been attributed to hyperglycemia and
subsequent increased infectious complications.6! This attribution
has been supported by Van den berghe et al.62 who reported that
intensive insulin therapy and tight control (glucose 4.4 to 6.1
mM/L) decrease morbidity and mortality rates in critically ill
patients. All patientsin this study received 200 to 300 g of glucose
on day 1 and 60% went on to receive PN. An alternative expla-
nation of this study’s findings is that high glucose loading, as one
would see with PN, with inadequate glycemic control is associated
with increased morbidity and mortality rates. In our subgroup
analysis, we found no difference in treatment effect between those
studies in which the PN groups received more calories or had a
higher incidence of hyperglycemia

McCowan et a .61 compared hypocaloric PN (1000 kcal, 70 g of
protein, and no lipid) with standard PN (25 kcal - kg~ - d~* with
lipid, 1.5 g/kg) and found a trend toward fewer infections (P =
0.2) in the hypocalorically fed group. Interestingly, the incidence
of hyperglycemiain both groups was similar. Another hypothesis,
not proved in human subjects, is that bacterial translocation in the
setting of gut atrophy, secondary to its disuse with PN, is respon-
sible for the increased risk of infection seen with PN.63

There will be critically ill patients in whom EN is not possible,
such as patients with bowel obstruction, short bowel syndrome, or
abdomina compartment syndrome or those who could not tolerate
EN over a prolonged periods4 and who may be at increased risk for
mortality and morbidity. As such, it is imperative to consider
strategies to optimize PN,53 which would include optimization of
glycemic control.62 PN without lipid has been associated with
fewer infections.51.65 The addition of parenteral glutamine to PN
may also be associated with decreased complication and mortality
rates.6-71 Although the combination of EN and PN does not
confer a significant advantage over PN alone to satisfy patients
needs,33 it is reasonabl e to continue attempts at EN in patients who
require PN.

In conclusion, when EN and PN are compared in the critically
ill patient, EN is associated with fewer infectious complications
and, if possible, should be the chosen route for nutritional support.
It isfundamental that, in the provision of EN and PN, strategies be
adopted to optimize benefit and minimize potential harm.

REFERENCES

1. Dark SK, Pingleton SK. Nutrition and nutritional support in critically ill patients.
J Intensive Care Med 1993;8:16

2. Giner M, et a. In. a correlation between malnutrition and poor outcome in
critically ill patients still exists. Nutrition 1996;1995:12:23

3. Shroeder D, et a. Effects of immediate postoperative enteral nutrition on body
composition, muscle function, and wound healing. JPEN 1981;15:376

4. PayneJC, et a. Artificial nutrition support in hospitalsinn the United Kingdom—
1991: second national survey. Clin Nutr 1992;11:187

5. Hill SA, et al. Nutrition support in intensive care units in England and Wales: a
survey. Eur J Clin Nutr 1995;49:371

6. De Jonghe B, et al. A prospective survey of nutritional support practices in

Enteral Versus Parenteral Nutrition in Critically Il Patients

10.
11

12.

13.

14.

15.
16.
17.
18.
19.
20.
21.
22.

23.

24,

25.

26.

27.

28.

29.

3L

32.

847

intensive care units patients: what is prescribed? what is delivered? Crit Care Med
2001;29:8

. Preiser JC, et ad. Management of nutrition in European intensive care units:

results of a questionnaire. Intensive Care Med 1999;25:95

. Lipman TO. Grains or veins: is enteral nutrition really better then parentera

nutrition? A look at the evidence. JPEN 1998;22:167

. Heyland D, Schroter-Noppe D, Drover JW, Jain M, Keefe L, Dhaliwa R, et al.

Nutrition support in the critical care setting: current practice in Canadian ICUs—
opportunities for improvement? JPEN 2003;27:74

Mochizuki H, et al. Mechanism of prevention of postburn hypermetabolism and
catabolism by early enteral feeding. Ann Surg 1984;200:297

Hadfield RJ, et al. Effects of enteral and parenteral nutrition on gut mucosal
permeability in the criticaly ill. Am J Respir Crit Care Med 1995;152:1545
Gianotti L, et a. Role of early enteral feeding and acute starvation on postburn
bacterial translocation and host defence: prospective, randomized trials. Crit Care
Med 22 1994;22:265

Carr C, et d. Randomized trial of safety and efficacy of immediate postoperative
enteral feeding in patients undergoing gastrointestinal resection. BMJ 1996;312:
869

Taylor SJ, et a. Prospective, randomized controlled trial to determine the effect
of early enteral nutrition on clinical outcome in mechanically ventilated patients
suffering head injury. Crit Care Med 1999;27:2525

Delmi M, Rapin CH, Bengoa JM, et al. Dietary supplementation in elderly
patients with fractured neck of the femur. Lancet 1990;335:1013

Kudsk KA, et a. Enteral versus parentera feeding: effects on septic morbidity
after blunt and penetrating abdominal trauma. Ann Surg 1992;215:503

Heyland D, et a. How well do critically ill patients tolerate early intragastric
enteral feeding? Results of a prospective, multicenter trial. NCP 1999;14:23
Rello J, et al. Incidence, etiology and outcome of nosocomia pneumonia in
mechanically ventilated patients. Chest 1991;100:439

Heyland DK, Macdonald S, Keefe L, Drover JW. Total parenteral nutrition in the
criticaly ill patient: a meta analysis. JAMA 1998;280:2013

Braunschweig CL, et a. Enteral compared with parenteral nutrition: a meta
analysis. Am J Clin Nutr 2001;74:534

Koretz RL, Lipman TO, Klein S. AGA technical review on parenteral nutrition.
Gastroenterology 2001;121:970

Borzotta AP, Pennings J, Papasadero B, et al. Enteral versus parenteral nutrition
after severe closed head injury. J Trauma 1994;37:459

Cerra FB, McPherson JP, Konstantinides FN, Konstantinides NN, Teasley KM.
Enteral nutrition does not prevent multiple organ failure syndrome (MOFS) after
sepsis. Surgery 1988;104:727

Hadley MN, Grahm TW, Harrington T. Nutritional support and neurotrauma: a
critical review of early nutrition in forty-five acute head injury patients. Neuro-
surgery 1986;19:367

Moore FA, Feliciano DV, Andrassy RJ, et a. Early enteral feeding, compared
with parenteral, reduces postoperative septic complications: the results of a
meta-analysis. Ann Surg 1992;216:172

Moore FA, Moore EE, Jones TN, McCroskey BL, Peterson VM. TEN versus
TPN following major abdominal trauma—reduced septic morbidity. J Trauma
1989;29:916

Woodcock N, Ziegler D, Palmer M, et al. Enteral versus parenteral nutrition: a
pragmatic study. Nutrition 2001;17:1

Dunham CM, Frankenfield D, Belzberg H, Wiles C, Cushing B, Grant Z. Gut
failure—predictor or contributor to mortality in mechanically ventilated blunt
trauma patients? J Trauma 1994;37:30

Adams S, Dellinger EP, Wertz MJ. Enteral versus parenteral nutritional support
following laparotomy for trauma a randomized prospective trial. J Trauma
1986;26:882

. Rapp RP, Young DB, Twyman D. The favorable effect of early parentera

feeding on survival in head-injured patients. J Neurosurg 1983;58:906

Young B, Ott L, Haack D. Effect of total parenteral nutrition upon intracranial
pressure in severe head injury. J Neurol 1987;67:76

Kalfarentzos F, Kehiagias J, Mead N, Kokkinis K, Gogos CA. Enteral nutrition
is superior to parenteral nutrition in severe acute pancredtitis: results of a
randomized prospective trial. Br J Surg 1997;84:1665

33. Suchner U, Senftleben U, Eckart T, et al. Enteral versus parentera nutrition:

effects on gastrointestinal function and metabolism. Nutrition 1996;12:13

34. Huang YC, Yen CE, Cheng CH, Jih KS, Kan MN. Nutritional status of mechan-

35.

36.
37.

ically ventilated critically ill patients: comparison of different types of nutritional
support. Clin Nutr 2002;19:101

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials
1986,7:177

RevMan 4.1 user’s guide. The Cochrane collaboration; 2000.

Seri S, Aquilio E. Effects of early nutritional support in patients with abdominal
trauma. Ital J Surg Sci 1984;14:223



848

38.

39.
40.

41.

42.

45,

46.

47.

49.

50.

51.

52.

53.

Gramlich et al.

Hamaoui E, Lefkowitz R, Olender L, et a. Enteral nutrition in the early postop-
erative period: a new semi-elemental formula versus total parenteral nutrition.
JPEN 1990;14:501

Bower RH, Talamini MA, Sax HC. Postoperative enteral vs parenteral nutrition:
a randomized controlled trial. Arch Surg 1986;121:1040

Pacelli F, Bossola M, Papa V, et al. Enteral vs parenteral nutrition after major
abdominal surgery: an even match. Arch Surg 2001;136:933

Braga M, Gianotti L, Gentilini O, Parisi V, Salis C, Di CV. Early postoperative
enteral nutrition improves gut oxygenation and reduces costs compared with total
parenteral nutrition. Crit Care Med 2001;29:242

Bozzetti F, Braga M, Gianotti L, Gavazz C, Mariani L. Postoperative enteral
versus parenteral nutrition in malnourished patients with gastrointestinal cancer:
a randomized multicentre trial. Lancet 2001;358:1487

. Von Meyenfeldt MF, Meijerink WJHJ, Rouflart MMJ, Buil-Maassen MTHJ,

Soeters PB. Perioperative nutritional support: a randomized clinical trial. Clin
Nutr 1992;11:180

. Fletcher JP, Little IM. A comparison of parenteral nutrition and early postoper-

ative enteral feeding on the nitrogen balance after major surgery. Surgery 1986;
100:21

Wicks C, Somasundaram S, Bjarnason |, et al. Comparison of enteral feeding and
total parenteral nutrition after liver transplantation. Lancet 2002;344:837
Windsor ACJ, Kanwar S, Li AGK, et al. Compared with parenteral nutrition,
enteral feeding attenuates the acute phase response and improves disease severity
in acute pancreatitis. Gut 1998;42:431

Braga M, Gianotti L, Vignali A, Cestari A, Bisagni P, Di CV. Artificial nutrition
after major abdominal surgery: impact of route of administration and composition
of the diet. Crit Care Med 1998;26:24

. Hernandez-Aranda JC, Gallo-Chico B, Flores-Ramirez LA, Avalos-Huante R,

Magos-Vazquez FJ. Treatment of enterocutaneous fistula with or without oct-
reotide and parenteral nutrition. Nutr Hosp 1996;11:226

Girou E, Stephan F, Novara A, Safar M, Fagon JY. Risk factors and outcome of
nosocomial infections: results of a matched case-control study of ICU patients.
Am J Respir Crit Care 1998;157:1151

Bueno-Cavanillas A, Delgado-Rodriguez M, Lopez-Luque A, Schaffino-Can S,
Galvez-Vargas R. Influence of nosocomia infection on mordlity rate in an
intensive care unit. Crit Care Med 1994;22:55

Cook DJ, Griffith L, Keenan S, Brun-Buisson C. The attributable morbidity and
mortality of ventilator-associated pneumonia in the criticaly ill patient. Am J
Respir Crit Care Med 1999;159:1249

Kles KA, Wallig MA, Tappenden KA. Luminal nutrients exacerbate intestinal
hypoxia in the hypoperfused jejunum. JPEN 2001;5:246

Heyland D, Dhaliwal R, Drover J, et al. Canadian clinical practice guidelines for
nutrition support in mechanically ventilated critically ill adult patient. JPEN
2003;27:355

. Drakulovic MB, Torres A, Bauer TT, Nicolas JM, Nogue S, Ferrer M. Supine

body position as a risk factor for nosocomia pneumonia in mechanically venti-
lated patients: a randomised trial. Lancet 1999;354:1851

55.

56.

57.

59.

61.

62.

63.

65.

66.

67.

69.

70.

71.

Nutrition Volume 20, Number 10, 2004

Kortbeek JB, Haigh PI, Doig C. Duodenal versus gastric feeding in ventilated
blunt trauma patients: a randomized controlled trial. J Trauma 1999;46:992
Montecalvo MA, Steger KA, Farber HW, et a. Nutritional outcome and pneu-
moniain critical care patients randomized to gastric versus jejunal tube feedings.
The Critical Care Research Team. Crit Care Med 1992;20:1377

Davies AR, Froomes PR, French CJ, Bellomo R, Gutteridge GA, Nyulasi L, et al.
Randomized comparison of nasojejunal and nasogastric feeding in critically ill
patients. Crit Care Med 2002;30:586

. Booth CM, Heyland D, Paterson WG, et al. Gastrointestinal promotility drugsin

the critical care setting: a systematic review of the evidence. Crit Care Med
2002;30:1429

Heyland D, Drover JW, Dhaliwal R, Greenwood J, et al. Optimizing the benefits
and minimizing the risks of enteral nutrition in the critically ill: role of small
bowel feeding. JPEN 2002;26(suppl):S51

. Pinilla JC, Samphire J, Arnold C, Liu L, Thiessen B, et al. Comparison of

gastrointestinal tolerance of two enteral feeding protocolsin critically ill patients:
a prospective, randomized controlled trial. JPEN 2001;25:81

McCowen KC, Friel C, Sternberg J, et a. Hypocaloric total parenteral nutrition:
effectiveness in prevention of hyperglycemia and infectious complications. A
randomized clinical trial. Crit. Care Med 2000;28:3606

Van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx F, Schetz M,
et al. Intensive insulin therapy in criticaly ill patients. N Engl J Med 2001;344:
1359

Miura S, et al. Changes in intestinal absorption of nutrients and brush border
glycoproteins after total parenteral nutrition in rats. Gut 1992;33:484

. Sandstrom R, Drott C, Hyltander A, et a. The effect of postoperative intravenous

feeding (TPN) on outcome following major surgery; evaluated in a randomized
study. Ann Surg 1993;217:185

Basttistella FD, Widergren JT, Anderson JT, et a. A prospective, randomized
trial of intravenous fat emulsion administration in trauma victims requiring total
parenteral nutrition. J Trauma 1997;43:52

Griffiths RD, Jones C, Palmer TE. Six-month outcome of critically ill patients
given glutamine-supplemented parenteral nutrition. Nutrition;13:295
Dechelotte P, Bleichner G, Hasselmann M, et a. Improved clinical outcome in
ICU patients receiving alanyl-glutamine (Dipeptiven) supplemented total paren-
teral nutrition (abstract). Clin Nutr 2002;21:S1

. Wischmeyer P, Lynch J, Leidel J, et a. Glutamine administration reduces

gram-negative bacteremiain severely burned patients: a prospective, randomized,
double-blind trial versus isonitrogenous control. Crit Care Med 2001;29:2075
Powell-Tuck J, Jamieson CP, Bettany GEA, et a. A double blind randomised
controlled trial of glutamine supplementation in parenteral nutrition. Gut 1999;
45:82

GoetersC, Wenn A, Mertes N, et a. Parenteral L-alanyl-L-glutamine improves six
month outcome in critically ill patients. Crit Care Med 2002;30:2032

Novak F, Heyland D, Avenell A, Drover JW, Su X, et al. Glutamine supplemen-
tation in serious illness: a systematic review of the evidence. Crit Care Med
2002;30:2022



	Does Enteral Nutrition Compared to Parenteral Nutrition Result in Better Outcomes in Critically Ill Adult Patients? A Systematic Review of the Literature
	INTRODUCTION
	MATERIALS AND METHODS
	Search Strategy
	Study Selection Criteria
	Methodologic Quality of Primary Studies

	RESULTS
	Study Identification and Selection
	Effect of EN Versus PN on Clinical Outcomes

	DISCUSSION
	REFERENCES


