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Abstract
Malnutrition is frequently seen among patients in the intensive care unit. Evidence shows that optimal nutritional support can lead
to better clinical outcomes. Recent clinical trials debate over the efficacy of enteral nutrition (EN) over parenteral nutrition (PN).
Multiple trials have studied the impact of EN versus PN in terms of health-care cost and clinical outcomes (including functional
status, cost, infectious complications, mortality risk, length of hospital and intensive care unit stay, and mechanical ventilation
duration). The aim of this review is to address the question: In critically ill adult patients requiring nutrition support, does EN
compared to PN favorably impact clinical outcomes and health-care costs?
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Introduction

The main aim of nutritional support in the critically ill patients

is to avoid malnutrition. Malnutrition can cause impaired

immunity, respiratory drive, and functional status and poten-

tially result in prolonged dependence on mechanical ventila-

tion, increased morbidity and mortality, and higher health-care

costs.1,2 There is evidence that enhanced nutritional support

can lead to better clinical outcomes.2-6 The optimal nutrition

delivery route has been debated over the years. Multiple studies

have compared the impact of enteral nutrition (EN) versus

parenteral nutrition (PN) on injury response,7,8 gastrointestinal

(GI) permeability mitigation9,10 and clinical outcomes such as

mortality risk, infection rate, functional status, and hospital and

intensive care unit (ICU) length of stay (LOS), among others.

The most recent nutrition guidelines for critically ill adult

patients were created by The Society of Critical Care Medicine

(SCCM) and American Society for Parenteral and Enteral

Nutrition (ASPEN) in 2016.11 Overall, these guidelines favor

the use of EN (when feasible) over PN. However, the results of

more recent large randomized control trials (RCT)12,13 and

meta-analyses14 question the efficacy of EN use over PN use.

This leaves practitioners in a dilemma as to which is the pre-

ferred route of nutritional support. The aim of this review is to

address the question, in critically ill adult patients requiring

nutrition support, does EN compared to PN favorably impact

clinical outcomes and healthcare costs?

Methodology

In order to answer our questions, we conducted a review of the

literature. Relevant studies published between 1980 and May

2018 were independently searched by the authors in different

databases including the Cochrane Database of Systematic

Reviews, Cochrane Central Register of Controlled Trials

(CENTRAL), PubMed and Medline using the following MeSH

headings and key words: “total parenteral nutrition versus ent-

eral nutrition” or “TPN versus EN” or “TPN and EN” or “total

parenteral nutrition and enteral nutrition” and “intensive care

unit” or “critical care” or “ICU.” Language restrictions were

not applied. If there was any disagreement as to whether or not

to include an article, the researchers resolved it by discussion

and arrived at a consensus.
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Articles that met the following characteristic were included in

this review: 1. Population: critically ill patients who are�18 years

old. 2. Intervention: EN versus PN. 3. Comparison: RCTs, retro-

spective studies, reviews, observational studies, systematic

reviews and/or meta-analyses in comparison with EN and PN

groups. 4. Outcomes: At least one of the clinically relevant vari-

ables such as mortality, infectious complications, mechanical

ventilation-free days, cost, hospital, and ICU length of stay (LOS).

Results

In total, 49 studies in the English Literature were reviewed, of

which 27 were randomized controlled trials (RCT), eight meta-

analyses, 11 observational studies, and 3 nonsystematic reviews.

The sample characteristics and most outcomes from the princi-

pal RCTs used for the results are shown in Tables 1–3. The

findings of these were used to answer the following questions:

1. Do Baseline Diseases or Conditions Dictate the Need
for PN or EN?

It was once thought that particular clinical scenarios dictated

the need for PN over EN. Obviously, certain diagnoses such as

complete mechanical bowel obstruction inhibit EN delivery.

However, early EN has now been found to be safe in many

complex situations (although nutrition management must be

individualized for each particular case). For example, in

meta-analyses of patients with pancreatitis, EN was associated

with significant reduction in overall mortality, decreased mul-

tiple organ failure rate, lower incidence of infections, reduced

surgical interventions to control pancreatitis, and a reduced

length of hospital stay when compared to PN.15,16 In the

secondary analysis of the prospective, randomized-controlled,

multicenter “Intensive Insulin Therapy and Pentastarch Resus-

citation in Severe Sepsis (VISEP)” trial including patients with

severe sepsis, EN alone (compared to ENþ PN) was associated

with lower overall mortality and morbidity (less infectious

complication rates and renal-replacement therapy rates; more

ventilator-free days), despite these patients receiving signifi-

cantly less calories and protein.17 In an RCT of 78 patients with

postoperative enterocutaneous (EC) fistulas following Whipple

procedure, early EN increased the likelihood of fistula closure

when compared to PN.18 Feeding within 24 hours of GI surgery

helps reduce postoperative ileus, attenuate dysmotility, and

prevent bowel wall edema.11Studies have also determined the

safety and efficacy of enterally feeding the patient receiving

vasopressor agents.19 Khalid et al19 prospectively collected and

retrospectively analyzed data from a multi-institutional medi-

cal ICU database and divided patients into 2 groups based on

starting EN within 48 hours of mechanical ventilation initia-

tion. The study included 1174 patients who required mechan-

ical ventilation for more than 2 days and were treated with

vasopressor agents to support blood pressure. Intensive care

unit and hospital mortality were lower for patients receiving

early EN (22.5% vs 28.3%; P ¼ .03; and 34.0% vs 44.0%; P <

.001, respectively), and the beneficial effect was more pro-

nounced in patients treated with multiple vasopressors (odds

ratio [OR], 0.36; 95% confidence interval [CI], 0.15-0.85).

Given these findings, a recent, large (n ¼ 2410) RCT hypothe-

sized that outcomes were better with early EN than with early

PN in patients being treated for shock (NUTRIREA-2).13 In

this study, groups receiving early normocaloric EN (17.8 kcal/

kg/day) or PN (19.6 kcal/kg/day) had no significant differences

in 28-day mortality, frequency of infectious complications,

Table 1. Randomized Controlled Trials Conducted Among Critically Ill Patients Comparing Enteral to Parenteral Nutrition.

Study Name

Sample Size, N

Sample Characteristics

Methods

EN PN Randomized Blinded

Adams et al, 1980 1980 23 23 Patients with trauma, critically ill Yes No
Rapp et al, 1983 1983 18 20 Head-injured patients Yes No
Young et al, 1987 1987 28 23 Head-injured patients Yes No
Peterson et al, 1988 1988 21 25 Abdominal trauma Yes No
Cerra et al, 1988 1988 33 37 Critical state Yes No
Moore et al, 1989 1989 29 30 Abdominal trauma Yes No
Kudsk et al, 1992 1992 52 46 Abdominal trauma Yes No
Dunham et al, 1994 1994 12 15 Blunt trauma injury Yes No
Borzotta et al, 1994 1994 27 21 Closed head injury Yes No
Kalfarentzos et al, 1997 1997 18 20 Severe acute pancreatitis Yes No
Woodcock et al, 2001 2001 32 32 All patients who required adjuvant nutritional support Yes single
Casas et al, 2007 2007 11 11 Severe acute pancreatitis Yes No
Chen et al, 2007 2007 10 9 Severe burn patients Yes No
Justo Meirelles et al, 2011 2011 12 10 Traumatic brain injury Yes No
Wang et al, 2013 2013 61 60 Severe acute pancreatitis Yes double
Sun et al, 2013 2013 30 30 Severe acute pancreatitis Yes No
Harvey et al, 2016 2016 1197 1191 Medical and Surgical Yes No
Reigner et al, 2018 2018 1202 1208 Patients in shock on vasopressors Yes No

Abbreviations: PN, Parenteral Nutrition; EN, Enteral Nutrition (EN).

2 Journal of Intensive Care Medicine XX(X)
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Table 2. Mortality and Complications Observed in Randomized Controlled Trials Conducted Among Critically Ill Patients Comparing Enteral to Parenteral Nutrition

Study Name

Mortality, n (%) Infectious Complications, n (%) Noninfectious Complications, n (%)

GI Non-GI

EN PN EN PN EN PN EN PN

Adams et al,
1980

1/23 (4.35) 3/23 (13) 15/13 (65) 15/13 (65) Diarrhea 11 (48),
bloating 19 (83)

Diarrhea 6 (26),
bloating/cramps
16 (70)

– Air embolism 1
(4.34),
pneumothorax 1
(4.34)

Rapp et al,
1983

9/18 (50) 3/20 (15) – – – – – –

Young et al,
1987

10/28 (35.7) 10/23 (43.5) 5/28 (18) 4/23 (17) Diarrhea 12/28 (43) Diarrhea 13/23 (57) – Pneumothorax 5/23
(21.7)

Peterson
et al, 1988

– – 2/21 (10) 8/25 (32) – – – –

Cerra et al,
1988

7/31 (22) 8/35 (23) – – – – – –

Moore et al,
1989

– – 5/29 (17) 11/30 (37%) 7 patients:
pancreatitis, partial
small bowel
obstruction, biliary
fistula.

– – 6 patients developed
atelectasis,
pneumothorax,
CSF leak

Kudsk et al,
1992

1a 1a 9/51 (15.7) 18/45 (40) Diarrhea 11/51 (21.6)
Abdominal
distention 2/51
(3.92)

Diarrhea 7/45 (15.6) Delirium
tremens 1/
51 (1.96)

–

Dunham
et al, 1994

1/12 (8.3) 1/15 (6.6) – – Tube occlusion (2),
Failed duodenal
intubation (1),
Patient extubation
of feeding tube (1),
Gastric reflux (2),
Abdominal
distension (2)

–

Borzotta
et al, 1994

5/27 (18.5) 1/21 (4.7) 51/27, 1.89
episodes per

patient

39/21 1.86 episodes
per patient

Diarrhea 8 (29.6) Diarrhea 13 (61.9) Pneumothorax
1 (3.7),
Dehiscence
2 (7.4),
Aspiration 3
(10.7)

Aspiration 2 (9.5)

Kalfarentzos
et al, 1997

1/18 (5.6) 2/20 (10) 5/18 (28) 0/20 (50) Diarrhea 6 Diarrhea 3 Catheter-related
sepsis 2

(continued)
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Table 2. (continued)

Study Name

Mortality, n (%) Infectious Complications, n (%) Noninfectious Complications, n (%)

GI Non-GI

EN PN EN PN EN PN EN PN

Woodcock
et al, 2001

12/32 (37.5) 7/32 (7) 10/32 (31.3) 16/32 (50) Diarrhea 2/32 (6.3),
large volume NG
aspirates 7/32
(21.9), tube
dislodgement 14/32
(43.8)

Hyperkalemia,
hyperglycemia,
abnormal liver
test 3/32 (9.4),

fluid overload 1/
32 (3.1)

Casas et al
2007

0/11 (0) 2/11 (18.2) 1/11 (9) 5/11 (45.5) Portal venous
thrombosis 1

SIRS 2, Lower
UTI 1

SIRS 2

Chen et al,
2007

0/10 (0) 0/9 (0) – – Diarrhea 2 (20) – – –

Justo
Meirelles
et al, 2011

1/12 (8.3) 1/10 (10) 2/12 (16.7) 4/10 (40) – – – –

Wang et al,
2013

3/61 (4.9) 7/60 (11.7) Pancreatic sepsis
13/61 (21)

Multi-Organ
Dysfunction

Syndrome 15/
61 (24.6)

Pancreatic sepsis 24/
60 (40), Multi-

Organ Dysfunction
Syndrome 22/60

(36.7)

Sun et al,
2013

2/30 (6.7) 1/30 (3.3) Multi-Organ
Dysfunction

Syndrome 5/30
(17), SIRS 12/30

(40)

Pancreatic sepsis 10/
30 (33), Multi-

Organ Dysfunction
Syndrome 13/30
(43), SIRS 22/30

(73)
Harvey et al,

2016
30 day: 409/1195
(34.2%); 90 day: 464/

1188 (39.1); ICU:
352/1197 (29.4),
Hosp: 450/1186

(37.9)

30 day: 393/1188
(33.1); 90 day: 442/
1184 (37.3); ICU:
317/1190 (26.6),
Hosp: 431/1185

(36.4)

Number of
infections no

reported

Number of infections
no reported

Nausea: 53/1197
(4.4),
Vomiting: 194/1197
(16.2),
Abdominal
distention: 99/1197
(8.3),
Increase liver
enzymes: 179/1197
(15)

Nausea: 44/1191
(3.7),
Vomiting: 100/
1191 (8.4),
Abdominal
distention: 78/
1191 (6.5),
increase liver
enzymes: 212/
1191 (17.8)

Pressure
ulcers: 179/
1195 (15)

Pressure ulcers:
181/1190 (15.2)

Reigner et al,
2018

28 day: 443/1202 (37);
90 day: 530/1185

(45); ICU: 429 (33),
Hosp: 498 (36)

28 day: 422/1208 (35);
90 day: 507/1192

(43); ICU: 405 (31),
Hosp: 479 (34)

383/1202 (31.8) 437/1208 (36) Vomiting: 406 (34),
diarrhea 432 (36),
bowel ischemia 19
(2), pseudo-
obstruction 11 (1)

Vomiting: 246 (24),
diarrhea 393 (33),
bowel ischemia 5
(<1), pseudo-
obstruction 3 (<1)

Abbreviations: PN, Parenteral Nutrition; EN, Enteral Nutrition; SIRS, systemic inflammatory response syndrome; ICU, intensive care unit; CSF, cerebrospinal fluid; GI, gastrointestinal; UTI, urinary tract infection.
aExcluded from analysis.
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Table 3. Length of Stay, Ventilator-Free Days, Calorie Intake, Cost, and Glycemic Status From Randomized Controlled Trials Conducted Among Critically Ill Patients Comparing Enteral to
Parenteral Nutrition.a

Study name

LOS, days Ventilator-Free Days Calorie Intake Cost Glycemic Status

EN PN EN PN EN PN EN PN EN, n (%) PN, n (%)

Adams et al,
1980

ICU: 13 + 10,
Hosp.: 30 +

21

ICU: 10 + 10,
Hosp.: 31 +

29

12 + 11 10 + 110 2088 kcal/kg 2572 kcal/kg US$ 1346 (23-
day cost)

US$ 3729 (23-day
cost)

– –

Rapp et al,
1983

Hosp.: 49.4 Hosp.: 52.6 On Vent.10.3 On Vent.10.4 685 kcal/kg 1750 kcal/kg – – – –

Young et al,
1987

– – – – 1671 kcal/kg 2299 kcal/kg – – – –

Peterson
et al, 1988

ICU:
3.7, Hosp.13.2

ICU: 4.6,
Hosp.14.6

– – 2204 kcal/kg 2548 kcal/kg – – – –

Cerra et al,
1988

– – – – 1684 kcal/kg 2000 kcal/kg – – – –

Moore et al,
1989

– – – – 1847 + 123
kcal/kg by

day 5

2261 + 60
kcal/kg by

day 5

– – – –

Kudsk et al,
1992

Hosp.: 20.5 +
2.8

Hosp.: 19.6 +
2.8

2.8 + 7 3.2 + 1 15.7 kcal/kg 19.1 kcal/kg – – – –

Dunham
et al, 1994

– – – – – – – – – –

Borzotta
et al, 1994

39+ 23.1 36.9+ 14 – – 2097 not
significant

1961 EN
endoscopic

$4815
Surgical $

6336

PN þ NG $9697
PNþPEG$9707

PNþboth
$10654

12 (44.4) 16 (76.2)

Kalfarentzos
et al, 1997

ICU 11(5-21),
Hospital

40(25-83)

on vent 15(6-
16)

on vent 11(7-
31)

Non-protein
kcal/kg/
day 24.1

not
significant

24 significant £30 per
patient per

day

£100 per patient
per day

4 (22) 9 (45)

Woodcock
et al, 2001

33.2+ 43 (16) 27.3 + 18.7 (18) 54.1%
significant

96.7%significant – – Hyperglycemia
included among

metabolic
complications,
numbers not

reported
separately

Casas et al
2007

30.2 30.7 – – kcal/kg/d
20.1 not
significant

20.8 – –

Chen et al
2007

– – – – – – – – – –

(continued)
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Table 3. (continued)

Study name

LOS, days Ventilator-Free Days Calorie Intake Cost Glycemic Status

EN PN EN PN EN PN EN PN EN, n (%) PN, n (%)

Justo
Meirelles
et al, 2011

ICU 14 (5-26) ICU 14 (6-24) – – Cumulative
kcal over
5 days,

5958, not
significant

6586 – – 102.4; CI 95% ¼ 91.6-
113.2mg/dL (P <

.001)

134.4; CI 95% ¼
122.6-

146.2mg/dL
(P .01)

Sun et al,
2013

ICU 9 (5-14) ICU 12 (8-21) – – – – – – – –

Harvey et al,
2016

ICU: 7.3 (3.9-
14.3), Hosp.:

16 (8-33)

ICU: 8.1 (4-15.8),
Hosp.:

17 (8-34)

14.3 (+
12.2)

14.3 (+
12.1)

74 kcal/kg 89 kcal/kg – – Hypoglycemia: 74/
1197 (6.2),

Hypoglycemia:
44/1191 (3.7),

Reigner et al,
2018

ICU: 9 (5-16),
Hosp.: 17 (8-

32)

ICU: 10 (5-17),
Hosp.:

18 (9-33)

11 (0-23) 12 (0-23) 113.4 kcal/kg 125.7 kcal/kg – – Hypoglycemia:29 (2) Hypoglycemia:13
(1)

Abbreviations: PN, Parenteral Nutrition; EN, Enteral Nutrition; ICU, intensive care unit; CI, confidence interval.
aWang et al 2013 did not report data on LOS, ventilator days, calorie intake, cost, and glycemic status, hence not included in the table.
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organ failure severity or duration, ventilator-free days, ICU and

hospital stay lengths, or ICU, hospital, or 90-day mortality.

Compared with PN, EN use was associated with significantly

higher frequencies of hypoglycemia, bowel ischemia, and colo-

nic pseudo-obstruction. In summary, studies support the use of

EN over PN during severe and/or acute pancreatitis, severe

sepsis, EC fistula, vasopressor requirements, and shock.

Does Baseline Nutritional Risk Impact the Optimal
Timing of Nutrition Support Initiation?

Different factors play in determining a patient’s baseline nutri-

tional risk, including recent weight loss, recent reduced dietary

intake, critical illness, age, APACHE II score, SOFA score,

number of comorbidities, and days from hospital to ICU admis-

sion.20 Higher nutrition risk is associated with increased hos-

pital and ICU length of stay, less mechanical ventilation-free

days, and higher 28-day mortality.21,22 Almost half of the

patients included in critical care nutrition studies are at high

nutrition risk.21,22However, few studies compare the impact of

EN versus PN as they relate to nutrition risk. One isocaloric

study concluded that early EN when compared to PN signifi-

cantly reduced the complication rate and duration of postopera-

tive stay of malnourished (high nutrition risk) patients

undergoing surgery for GI cancer.23

Regarding EN and nutrition risk, Heyland et al’s5 large

observational study noted that higher provision of estimated

calorie and protein needs from EN reduces 28-day mortality

risk for patients at high nutrition risk (but not for those at low

nutrition risk).

Casaer et al24 conducted a multicenter RCT comparing

early (ICU day 3) and late (ICU day 8) PN initiation to sup-

plement inadequate EN in previously well-nourished patients.

Patients in the late PN initiation group had a relative increase

of 6.3% in the likelihood of being discharged alive earlier

from the ICU (hazard ratio [HR], 1.06; 95% CI, 1.00-1.13;

P ¼ .04) and from the hospital (HR, 1.06; 95% CI, 1.00-1.13;

P ¼ .04). The late PN initiation group also had fewer ICU

infections (22.8% vs 26.2%, P ¼ .008), a lower incidence of

cholestasis (P < .001), a relative reduction (9.7%) in the pro-

portion of patients requiring more than 2 days of mechanical

ventilation (P ¼ .006), a median reduction of 3 days in the

duration of renal-replacement therapy (P ¼ .008), and a mean

reduction in health care costs of €1,110 (about $1,600) (P ¼
.04).Conversely, in Heyland et al’s meta-analysis, early PN

initiation in malnourished (high nutrition risk) ICU patients

was associated with significantly fewer overall complications

(risk ratio [RR], 0.52; 95% CI, 0.30-0.91;P< .05)25 compared

to standard care (STD; oral diet plus intravenous dextrose).B-

raunschweig et al26 noted similar findings in their meta-

analysis: In malnourished ICU patients, STD (vs PN) was

associated with a significantly higher risk for mortality (RR,

3.0; 95% CI, 1.09-8.56) and a trend toward higher rate of

infection (RR, 1.17; 95% CI, 0.88-1.56).

While supplemental PN provides additional calories and

protein, it is a costly therapy that may or may not provide

additional benefits when initiated within the first week of the

ICU stay.27In an international multicenter observational study,

initiation of supplemental PN early in the ICU stay was asso-

ciated with slower recovery, more ICU infections, and

increased cost.28There was no significant potential benefit even

for patients at risk for iatrogenic malnutrition. Conversely,

Wischmeyer et al’s,27 more recent pilot study, albeit under-

powered for clinical outcomes, noted encouraging trends in

mortality, quality of life, and functional end points with the

use of supplemental PN. The pilot also showed signals of

reduced mortality with the use of supplemental PN in high

nutrition risk patients.

More studies are needed comparing the use of EN versus PN

in patients of varying nutrition risk. At this time, evidence

supports initiating EN (if feasible) prior to PN initiation,

regardless of nutrition risk.

3. What Are the Most Common Noninfectious
Complications Associated With EN Versus PN?

In studies comparing EN versus PN, the most common com-

plications are divided into categories of infectious and nonin-

fectious. Noninfectious complications include compartment

syndrome, fluid overload, heart failure, and GI complications.

Infectious and GI complications are discussed in another

section.

In their retrospective study of ICU patients with acute

mesenteric ischemia, Yang et al29 divided patients into 2

groups based on the route of nutrition support during the first

week: EN (n ¼ 95) and PN (n ¼ 88). Compared to the PN

group, the EN group had fewer infectious complications (7.4%
vs 20.5%, P ¼ .01), a lower incidence of acute respiratory

distress syndrome (4.2% vs 13.6%, P < 0.01), and a higher 1-

year survival rate (88.4% vs 78.4%; P ¼ .031) compared to the

PN group. Enteral nutrition was also associated with earlier

bowel continuity restoration (P < .01) and lower 30-day mor-

tality (7.3% vs 26.1%, P ¼ .01) and for patients without initial

bowel resection (n ¼ 82) significantly shorter ICU LOS and

hospital LOS. These outcomes may be related to the PN cathe-

terization and chemical composition that becomes a good nidus

of bacteria to grow. There were no significant differences

between groups regarding noninfectious complications (acute

compartment syndrome, cardiac failure, and liver dysfunction).

Two larger and more recent RCTs comparing the use of

early EN versus PN found no differences in the rates of sec-

ondary infections between the groups.12,13 The CALORIES

trial12 randomized 2388 ICU patients to receive early EN or

PN. Caloric intake was similar in the 2 groups although the

target intake was not achieved in most patients. When com-

pared to the EN group, the PN group had significant reductions

in rates of hypoglycemia (44 patients [3.7%] vs 74 patients

[6.2%]; P ¼ .006) and vomiting (100 patients [8.4%] vs 194

patients [16.2%]; P < .001).

The meta-analysis by Elke et al,14 which included the CAL-

ORIES trial12 and other studies,10,30-44 reported that early EN

was associated with shorter ICU LOS and fewer infectious

Cadena et al 7
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complications compared to early PN. However, subgroup anal-

yses suggested that these results might be affected by trials in

which the energy intake was lower with EN than with PN.12,13

4. Is There Any Difference in Infectious Complications
when Comparing the Use of EN Versus PN in Critically Ill
Patients?

The majority of the studies we reviewed reported infection

complications as one of the outcomes. Several of those

trials31,33,36,39-43,45 reported increased rates of infections in the

PN group compared to the EN group. Elke et al14 also reported

in their meta-analysis that EN-fed patients had significantly

fewer infections rates than their PN-fed counterparts (RR,

0.64; 95% CI 0.48-0.87, P ¼ .004). This difference was main-

tained in subgroup analysis when the caloric intake was higher

in the PN group (RR, 0.55; 95% CI 0.37-0.82, P¼ .003) but not

when the caloric intake was similar between groups. The

larger, more recent trials do not note differences in infection

rates between the groups. In the CALORIES trial,12 the number

of treated infectious complications per patient was not signif-

icantly different between PN and EN groups. Similarly, the

NUTRIREA-2 trial13 saw no significant differences in the rates

of ICU-acquired infection, ventilator-associated pneumonia,

bacteremia, central line infection, urinary tract infection, soft

tissue infection, or other infections between groups (although

rates were higher in the PN group for the majority of these

infections).

Multiple meta-analyses and systematic reviews have docu-

mented significant reductions in infectious morbidity with the

use of EN (mainly pneumonia and central line infec-

tions).14,16,26,33,35,46-49

In summary, meta-analyses note an increased infection risk

with PN although this finding is not supported by recent large

RCTs.12,13 This may be a result of increased calorie provision

with PN. To quote Elke et al.’s conclusion in their meta-

analysis, “Different treatment effect concerning infectious

morbidity favoring EN must be interpreted in light of the

observed differences in caloric intake.”14

5. Is There a Significantly Increased Risk for
Hyperglycemia With the Use of PN Versus EN?

The stress response leads to impaired glucose utilization and

increased insulin resistance with resulting hyperglycemia.50

Hyperglycemia superimposed on the stress response may lead

to an impaired immune response and higher infection risk.26

Meta-analyses and RCTs including critically ill patients with

acute pancreatitis or other GI complications have noted

increased rates of hyperglycemia with PN when compared to

EN.26,39,51 Increased PN caloric intake (36 kcal/kg/day) has

been noted to be an independent risk factor for bloodstream

infections.52

It was believed that the increased calorie and dextrose load

from PN resulted in the increased hyperglycemia risk. Standard

PN solutions contain 60% to 75% of energy as dextrose,

whereas standard EN solutions contain 40% to 55% of energy

as dextrose. In a subgroup meta-analysis of the Gramlich

et al,46 there was no difference in treatment effect between

those studies in which the PN groups received more calories

or had a higher incidence of hyperglycemia. An older meta-

analysis evaluating studies from 1966 to 1999 noted increased

hyperglycemia rates with PN compared to EN.51 The authors,

believing the increased hyperglycemia rates may be caused by

increased calorie delivery from PN, more closely evaluated the

calorie provision in 6 RCTs. In 1 RCT, patients randomly

assigned to receive PN received less energy than EN patients;

in 4 RCTs, PN and EN groups received approximately equal

amounts of energy; and in another RCT, the PN group received

greater calorie amounts than the EN group. In another study,

McCowen et al.53 compared hypocaloric PN (1 L of fat-free

TPN to provide 1000 kcal, 70 g of protein, and 210 g of dex-

trose) with a standard weight-based PN (3-in-1 solution aiming

to provide 25 kcal/kg/day with 1.5 g/kg/day protein). The

authors noted that the treatment group received significantly

less calories (daily average 14 + 3 kcal/kg vs 18 + 4 kcal/kg)

and dextrose (daily average 187 + 26 g/day vs 225 + 41 g/day),

yet the incidence of hyperglycemia in both groups was simi-

lar. However, the difference in provided dextrose, although

statistically significant, may not have been clinically signifi-

cant enough to impact serum glucose levels. On the other side,

the NUTRIREA-2 trial13 noted slightly lower calorie and

protein intakes and higher frequencies of hypoglycemia in

critically ill patients fed EN versus PN (HR, 2.26; 95% CI,

1.18-4.33).

At this time, it appears that hyperglycemia is not dependent

on the amount of dextrose dispensed but instead may be attrib-

uted to the physiological disturbances in the release of bio-

chemical mediators in response to PN.

6. Does EN Cause More GI Complications Versus PN?

The presence of appropriate nutrients within the GI lumen is

necessary to maintain structural and functional gut integ-

rity.36,47 Exclusive PN use results in the absence of these nutri-

ents in the gut’s lumen. A possible physiological mechanism is

that PN (and/or lack of enteral stimulation) leads to a break-

down of GI mucosal integrity, translocation of bacteria, and

production of endotoxin leading to multi-organ failure and

sepsis.54

Hadfield et al10 conducted a trial with the aim to measure the

effect of EN versus PN on gut mucosal permeability in adult

ICU patients. All patients enrolled experienced reduced GI

absorption and increased gut permeability. However, institu-

tion of EN decreased the rate of further gut permeability,

whereas PN use perpetuated loss of mucosal integrity.

The more recent CALORIES trial12 studying mixed popula-

tions of critically ill patients noted increased rates of nausea,

vomiting, and abdominal distention with EN when compared to

PN use, although this was not significant. Conversely,

NUTRIREA-213 noted a significant increase in GI complica-

tions (vomiting [P < .0001], diarrhea [P ¼ .009], bowel
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ischemia [P ¼ .007], and acute colonic pseudo-obstruction [P

¼ .004]) with the use of EN compared to PN during shock.

Therefore, the NUTRIREA-2 study findings support the

ASPEN/SCCM recommendations11 to postpone full EN until

hemodynamic stability is restored and to prefer PN or no nutri-

tion in patients at the worst end of the severity spectrum.

In view of recent findings, both EN and PN can cause GI

complications. While EN is more associated with GI intoler-

ance (nausea, vomiting), exclusive PN use is associated with

increased gut permeability and associated infectious

complications.

7. Is EN Use Associated With Decreased ICU and
Hospital LOS When Compared to PN?

Multiple RCTs have not noted any difference between feeding

routes on ICU LOS.12,13,31,33,39,42 Recent studies have also not

showed any difference in hospital LOS between EN and PN

groups.12,13,30,31,38-41 The 2 most recent and largest trials sup-

port these findings. Both the CALORIES12 and the

NUTRIREA13 trials found no significant difference in the med-

ian days of ICU or hospital LOS between groups.

Several meta-analyses and systematic reviews expressed

different point of views regarding this outcome.14,16,46,48,55

Elke et al14 found that EN was associated with a significant

reduction in ICU LOS when compared to PN (95% CI, 1.23-

0.37, P ¼ .0003), but in subgroup analysis when the caloric

intake was similar between the groups, the difference was not

observed. In the same review, the hospital LOS was not differ-

ent between the groups. Marik and Zaloga16 reported signifi-

cantly shorter hospital LOS in the EN group (P < .001)

although with significant heterogeneity amongst studies. Peter

et al found that hospital LOS and ICU LOS were significantly

reduced in patients who received EN (P < .004 and P ¼ .008,

respectively). Other authors support the conclusion that no dif-

ference in ICU or hospital LOS exists between EN and PN

groups.46,48

Based on the latest evidence available from trials with rig-

orous methodologies such as CALORIES and NUTRIREA and

several meta-analyses, including the one done by Elke et al,

which performed subgroup analysis, we state that there is no

difference in the ICU or hospital LOS when the EN and PN are

compared. None of the routes of nutritional support provides a

significant benefit over the other regarding this outcome.

8. In Critically Ill Patients, Is EN or PN Superior
in Reducing Mortality Risk?

Of the trials30,31,37,39,42-45 included in the meta-analysis by

Elke et al14 that reported mortality rate as an outcome, no

significant difference in mortality risk was seen between EN

and PN groups. The CALORIES12 and NUTRIREA-213 trials

support this finding. The CALORIES trial12 did not show any

significant difference in 30-day mortality between the groups,

even after subgroup analysis was performed. (Subgroups were

defined according to age quartiles, the presence or absence of

malnutrition, quartiles of APACHE II and ICNARC model, the

presence or absence of mechanical ventilation, the presence or

absence of cancer, and the time from ICU admission to the

initiation of nutritional support [<24 hours or �24 hours]).

Similar outcomes were presented in NUTRIREA-213: There

was no significant 28-day or 90-day mortality risk difference

between PN and EN groups. When stratified by ICU and hos-

pital mortality, the data were similar among groups and no

variation was found.

In a recent meta-analysis with 16 RCTs,14 no significant

difference in overall mortality was seen between EN and PN

groups. A subgroup analysis aggregating trials according to

caloric intake also noted no significant mortality effect

between groups provided similar calories or when the PN group

received significantly more calories than the EN group.

Another meta-analysis46 looked at a subgroup of studies in

which the PN group received more calories than the EN group

and noted that the EN group was associated with a trend toward

higher mortality rates (RR,1.58, 95%; CI, 0.75-3.35, P ¼ .2).

After aggregating trials in which EN and PN groups were fed

isocalorically, the difference in mortality rate was no longer

noted. The majority of similar meta-analyses also noted no

significant mortality benefit with the use of EN versus

PN,16,26,48,55 while others found a mortality benefit in the use

of PN (OR, 0.51, 95%; CI, 0.27-0.97, P ¼ .04)49 or EN (RR,

0.36, 95%; CI, 0.20-0.65, P ¼ .001).15 In summary, the mode

of nutrition support does not seem to impact mortality risk.

9. Do Ventilator-Free Days Differ Between Patients Fed
With EN Versus PN?

Of the RCTs we reviewed, seven reported data on mechanical

ventilation days.12,13,30,31,36,39,56 The trials failed to demon-

strate any significant difference in the length of duration or

ventilator support free days between EN group and PN groups.

Previous meta-analyses also support this finding.14,16,39 At this

time, it seems that the route of nutritional support does not

affect the time the critically ill patients spend on mechanical

ventilation.

10. What Is the Effect of PN Versus EN on the Functional
Status of Patients at Time of Hospital Discharge?

There are limited trials with mixed results on the impact of

nutritional adequacy on the functional status and long-term

outcomes of ICU patients. Even fewer studies exist comparing

the effect of PN versus EN on functional outcomes. Greater

provision of prescribed calories during the first week in the

ICU has been associated with longer survival time and accel-

erated physical and neurological recovery 3 months (although

not 6 months) post ICU discharge.3,4 Conversely in acute lung

injury patients, the EDEN trial57 noted no difference in long-

term outcomes between adequately fed and permissively

underfed EN patients. Parenteral nutrition nutrient provision

often surpasses EN provision within the first week of ICU stay

due to EN intolerance or withholding for procedures. An older
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study32 noted that PN may be associated with better outcomes

(such as higher Glasgow coma scores) after hospital discharge

when compared to EN. However, this was thought to not neces-

sarily be related to route of nutrition but rather the heightened

nutritional adequacy from PN. Of note, although PN was ini-

tiated within 48 hours of admission in this study, it is unclear as

to when EN was initiated. Enteral nutrition was only initiated

after low gastric wall suction (an outdated routine practice) was

no longer required. At this time, it is believed that early EN

may have the greatest impact on postdischarge functional out-

comes (although EN amount remains debatable).

11. How Cost-Effective Is PN Versus EN?

There are a few studies comparing the cost effectiveness of EN

versus PN among the critically ill adult population. The criti-

cally ill population in these studies included patients with

severe head injury leading to metabolic complications,38 acute

mesenteric ischemia,29 multiorgan failure,39 acute pancreati-

tis,16 and upper GI malignancy requiring post-operative nutri-

tional support.58 The majority of these studies noted decreased

health-care costs with EN related to decreases in complica-

tions, hospital LOS, and ICU LOS. However, one of these

studies58 evaluated the cost-effectiveness in more detail. The

cost analysis of this study considered the instrumentation, mon-

itoring evaluations, formulations of nutritional support, and

sanitary personnel (physicians, nurses, technicians, pharma-

cists) needed for each mode of nutrition support. This study

concluded that the mean daily cost of EN was 4-fold lesser than

PN ($25 vs $90.60; P < .001). By using EN instead of PN, the

daily savings was $65, and the mean saving for the entire

duration of nutritional support (13 days) was $845 per patient.

Although this study did not calculate the costs of complications

or ICU and hospital LOS, the costs would definitely have been

lower with the use of EN versus PN, since there was a 40%
reduction in complications with the use of EN.

So far, EN can be recommended in terms of cost-

effectiveness, although more research is needed to analyze

daily costs among critically ill patients requiring nutritional

support. The following variables should be considered in future

studies analyzing cost differences between groups: cost of for-

mulations of nutritional support, personnel required in a situa-

tion when complications arise (physician, consults, and

consulting physicians such as anesthesiologists, surgeons, and

infectious diseases specialists), additional drugs apart from

antibiotics, mechanical ventilation, nurses, pharmacists, instru-

mentation, ICU LOS, and hospital LOS.

Conclusions

When not contraindicated, EN has been found to be safe and

beneficial in many complex situations including pancreatitis,

severe sepsis, postoperative EC fistulas following Whipple

procedure, recent GI surgery, and in the setting of low, stable

vasopressor doses. However, for patients receiving treatment

for shock, the more recent NUTRIREA-2 trial noted that early

EN did not reduce mortality or secondary infection risk but was

associated with greater risk of digestive complications when

compared to early PN. Malnourished patients are more likely to

benefit from receiving goal rate EN within 24 to 48 hours of

ICU admission or early PN (when EN is contraindicated) com-

pared to patients at low nutrition risk. In regard to secondary

infection rates, many recent RCTs found no differences

between EN and PN groups, although the CALORIES trial

noted significant reductions in hypoglycemia rates and vomit-

ing episodes with PN. Regarding hyperglycemia, EN is asso-

ciated with a lower risk than PN. While EN is associated with

more GI intolerance (nausea and vomiting), exclusive PN use is

associated with increased risk of gut permeability and associ-

ated infectious complications. Differences in hospital and ICU

LOS between PN and EN use vary among studies; some note

no difference, whereas other note decreased LOS with EN.

Meta-analyses note an increased infection risk with PN

although this finding is not supported by more recent large

RCTs; the increased infection risk may be a result of increased

calorie provision with PN. Regarding mortality risk, mode of

nutrition support does not appear to impact risk. Length of

ventilation duration (or ventilator support-free days) also does

not appear to be associated with nutrition route. It is believed

that early EN may have the greatest impact on postdischarge

functional outcomes (although EN amount remains debata-

ble). Enteral nutrition is typically more cost effective overall

than PN.
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