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The American College of Critical Care Medicine (ACCM), which honors 
individuals for their achievements and contributions to multidisciplinary 
critical care medicine, is the consultative body of the Society of Critical 
Care Medicine (SCCM) that possesses recognized expertise in the prac-
tice of critical care. The College has developed administrative guidelines 
and clinical practice parameters for the critical care practitioner. New 

CCMV44N2_Text.indb   390 1/6/2016   7:53:41 PM

http://journals.lww.com/ccmjournal
http://journals.lww.com/ccmjournal


Special Article

Critical Care Medicine www.ccmjournal.org 391

guidelines and practice parameters are continually developed, and cur-
rent ones are systematically reviewed and revised.

These guidelines are being copublished by the American Society for Par-
enteral and Enteral Nutrition (A.S.P.E.N.) in the Journal of Parenteral and 
Enteral Nutrition (JPEN), 2016: 40(2):159–211.

For information regarding this article, Email: bet1217@bjc.org

Preliminary remarks (intent of 
Guidelines)
A.S.P.E.N. and SCCM are both nonprofit organizations com-
posed of multidisciplinary healthcare professionals. The mis-
sion of A.S.P.E.N. is to improve patient care by advancing the 
science and practice of clinical nutrition and metabolism. The 
mission of SCCM is to secure the highest quality care for all 
critically ill and injured patients.

Guideline Limitations: These A.S.P.E.N.−SCCM Clinical 
Guidelines are based on general conclusions of health pro-
fessionals who, in developing such guidelines, have balanced 
potential benefits to be derived from a particular mode of 
medical therapy against certain risks inherent with such ther-
apy. However, practice guidelines are not intended as absolute 
requirements. The use of these practice guidelines does not in 
any way project or guarantee any specific benefit in outcome 
or survival.

The judgment of the healthcare professional based on 
individual circumstances of the patient must always take 
precedence over the recommendations in these guidelines.

The guidelines offer basic recommendations that are sup-
ported by review and analysis of the current literature, other 
national and international guidelines, and a blend of expert 
opinion and clinical practicality. The population of critically ill 
patients in an intensive care unit (ICU) is not homogeneous. 
Many of the studies on which the guidelines are based are lim-
ited by sample size, patient heterogeneity, variability in disease 
severity, lack of baseline nutritional status, and insufficient sta-
tistical power for analysis.

Periodic Guideline Review and Update: This particular 
report is an update and expansion of guidelines published by 
A.S.P.E.N. and SCCM in 2009 (1). Governing bodies of both 
A.S.P.E.N. and SCCM have mandated that these guidelines be 
updated every three to five years. The database of randomized 
controlled trials (RCTs) that served as the platform for the 
analysis of the literature was assembled in a joint “harmoni-
zation process” with the Canadian Clinical Guidelines group. 
Once completed, each group operated separately in their 
interpretation of the studies and derivation of guideline rec-
ommendations (2). The current A.S.P.E.N. and SCCM guide-
lines included in this paper were derived from data obtained 
via literature searches by the authors through December 31, 
2013. Although the committee was aware of landmark studies 
published after this date, these data were not included in this 
manuscript. The process by which the literature was evaluated 
necessitated a common end date for the search review. Adding 
a last-minute landmark trial would have introduced bias unless 
a formalized literature search was re-conducted for all sections 
of the manuscript.

Target Patient Population for Guideline: The target of 
these guidelines is intended to be the adult (≥ 18 years) criti-
cally ill patient expected to require a length of stay (LOS) 
greater than 2 or 3 days in a medical ICU (MICU) or surgical 
ICU (SICU). The current guidelines were expanded to include 
a number of additional subsets of patients who met the above 
criteria, but were not included in the previous 2009 guidelines. 
Specific patient populations addressed by these expanded and 
updated guidelines include organ failure (pulmonary, renal, 
and liver), acute pancreatitis, surgical subsets (trauma, trau-
matic brain injury [TBI], open abdomen [OA], and burns), 
sepsis, postoperative major surgery, chronic critically ill, and 
critically ill obese. These guidelines are directed toward gen-
eralized patient populations but, like any other management 
strategy in the ICU, nutrition therapy should be tailored to the 
individual patient.

Target Audience: The intended use of these guidelines is 
for all healthcare providers involved in nutrition therapy of 
the critically ill, primarily physicians, nurses, dietitians, and 
pharmacists.

Methodology: The authors compiled clinical questions 
reflecting key management issues in nutrition therapy. A com-
mittee of multidisciplinary experts in clinical nutrition com-
posed of physicians, nurses, pharmacists, and dietitians was 
jointly convened by the two societies. Literature searches were 
then performed using key words (critically ill, critical care, 
intensive care, nutrition, enteral, parenteral, tube feeding, and 
those related to assigned topics such as pancreatitis, sepsis, etc.) 
to evaluate the quality of evidence supporting a response to 
those questions, which were then used to derive a subsequent 
treatment recommendation. The literature search included 
MEDLINE, PubMed, Cochrane Database of Systemic Reviews, 
the National Guidelines Clearing House and an Internet search 
using the Google search engine for scholarly articles through an 
end date of December 31, 2013 (including ePub publications).

While preference was given to RCTs, other forms of resource 
material were used to support the response, including nonran-
domized cohort trials, prospective observational studies, and 
retrospective case series. Use of publications was limited to 
full-text articles available in English on adult humans. For all 
included RCTs, two readers completed data abstraction forms 
(DAFs) examining the data and assessing the quality of the 
research methodology to produce a shared evaluation achieved 
by consensus for each study (example of DAF provided in the 
supplemental data, Supplemental Digital Content 1, http://
links.lww.com/CCM/B571). DAFs were constructed only for 
RCTs. When the strongest available evidence was a published 
meta-analysis, the studies from the meta-analysis were used to 
determine the quality of the evidence and assessed by two evi-
dence assessors. The data from included trials were entered into 
Review Manager 5.2 software to create forest plots aggregat-
ing the effect size for each intervention and outcome (3). The 
key forest plots supporting the recommendation are included 
throughout the text and in the supplement data (Supplemental 
Digital Content 1, http://links.lww.com/CCM/B571). No new 
forest plots were created when a meta-analysis was evaluated.

20_CCMED-D-15-01553.indd   391 1/8/2016   10:19:34 AM



Taylor et al

392 www.ccmjournal.org	 February	2016	•	Volume	44	•	Number	2

Since release of the 2009 A.S.P.E.N. and SCCM Clinical 
Guidelines, the concepts of the Grading of Recommendations, 
Assessment, Development and Evaluation (GRADE) Working 
Group have been adopted (4–7). A full description of the meth-
odology has been previously published (4). The data from the 
Review Manager analysis was uploaded to GRADEPro soft-
ware (8), where the body of evidence for a given intervention 
and outcome was evaluated for overall quality. One analyst 
created each GRADE table that was then independently con-
firmed by a second analyst. The GRADE tables are provided in 
the supplement data (Supplemental Digital Content 1, http://
links.lww.com/CCM/B571). Due to the inordinately large 
number of RCTs evaluated, observational studies were criti-
cally reviewed, but not utilized to construct the GRADE tables. 
However, in the few cases where observational studies were the 
only available evidence in a population, their quality of evi-
dence was reviewed, using GRADE (Table 1). When no RCT or 
observational study was available to answer a question directly, 
consensus of the author group on the best clinical practice 
approach was used, and the recommendation was designated 
“based on expert consensus.”

A recommendation for clinical practice was based on both 
the best available evidence and the risks and benefits to patients. 
While small author teams developed each recommendation 
and provided the supporting rationale, a full discussion by the 
entire author group followed, and every committee member 
was polled anonymously for their agreement with the recom-
mendation. Achievement of consensus was arbitrarily set at 
70% agreement of authors with a particular recommendation. 
Only one recommendation (H3a) did not meet this level of 
agreement, with a final consensus of 64%. All other consensus-
based recommendations reached a level of agreement of 80% 
or higher. As with all A.S.P.E.N. and SCCM clinical guidelines, 
this manuscript was subjected to rigorous peer review by clini-
cal content experts from all the practice disciplines that would 
use the guidelines, both internal and external to the organiza-
tions. A summary of the guidelines is presented in the supple-
ment data (Supplemental Digital Content 1, http://links.lww.
com/CCM/B571). A nutrition bundle based on the top guide-
lines (as voted on by the committee) for the bedside practitio-
ner is presented in Table 2.

CONFLICT OF INTEREST
All authors completed both an A.S.P.E.N. and SCCM conflict 
of interest form for copyright assignment and financial disclo-
sure. There was no input or funding from industry, nor were 
any industry representatives present at any of the committee 
meetings.

DEFINITIONS
Nutrition Therapy refers specifically to the provision of either 
enteral nutrition (EN) by enteral access device and/or paren-
teral nutrition (PN) by central venous access. Standard ther-
apy (STD) refers to provision of IV fluids, no EN or PN, and 
advancement to oral diet as tolerated.

INTRODUCTION
The significance of nutrition in the hospital setting (and 
especially the ICU) cannot be overstated. Critical illness is 
typically associated with a catabolic stress state in which 
patients demonstrate a systemic inflammatory response 
coupled with complications of increased infectious morbid-
ity, multiple organ dysfunction, prolonged hospitalization, 
and disproportionate mortality. Over the past three decades, 
exponential advances have been made in the understanding 
of the molecular and biological effects of nutrients in main-
taining homeostasis in the critically ill population. Tradi-
tionally, nutrition support in the critically ill population was 
regarded as adjunctive care designed to provide exogenous 
fuels to preserve lean body mass and support the patient 
throughout the stress response. Recently this strategy has 
evolved to represent nutrition therapy, in which the feed-
ing is thought to help attenuate the metabolic response to 
stress, prevent oxidative cellular injury, and favorably modu-
late immune responses. Improvement in the clinical course 
of critical illness may be achieved by early EN, appropriate 
macro- and micronutrient delivery, and meticulous glycemic 
control. Delivering early nutrition support therapy, primar-
ily by the enteral route, is seen as a proactive therapeutic 
strategy that may reduce disease severity, diminish com-
plications, decrease LOS in the ICU, and favorably impact 
patient outcomes.

A. NUTRITION ASSESSMENT
Question: Does the use of a nutrition risk indicator identify 

patients who will most likely benefit from nutrition therapy?
A1. Based on expert consensus, we suggest a 
determination of nutrition risk (for example, Nutritional 
Risk Score [NRS-2002], NUTRIC score) be performed 
on all patients admitted to the ICU for whom volitional 
intake is anticipated to be insufficient. High nutrition 
risk identifies those patients most likely to benefit 
from early EN therapy.

Rationale: Poor outcomes have been associated with 
inflammation generated by critical illness that leads to dete-
rioration of nutrition status and malnutrition (9). However, 
malnutrition in the critically ill has always been difficult to 
define. An international consensus group modified defini-
tions to recognize the impact of inflammation. Objective 
measures of baseline nutrition status have been described by 
A.S.P.E.N. and the Academy of Nutrition and Dietetics (10, 
11). On the other hand, nutrition risk is easily defined and 
more readily determined by evaluation of baseline nutrition 
status and assessment of disease severity. All hospitalized 
patients are required to undergo an initial nutrition screen 
within 48 hours of admission. However, patients at higher 
nutrition risk in an ICU setting require a full nutrition assess-
ment. Many screening and assessment tools are used to evalu-
ate nutrition status, such as the Mini Nutritional Assessment 
(MNA), the Malnutrition Universal Screening Tool (MUST), 
the Short Nutritional Assessment Questionnaire (SNAQ), 
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the Malnutrition Screening Tool (MST), and the Subjective 
Global Assessment (SGA) (12). However, only the NRS-2002 
and the NUTRIC score determine both nutrition status and 
disease severity. Although both scoring systems were based 
on retrospective analysis, they have been used to define nutri-
tion risk in RCTs in critically ill patients (13–16). Patients 
at “risk” are defined by an NRS-2002 > 3 and those at “high 

risk” with a score ≥ 5; or a NUTRIC score ≥ 5 (if interleu-
kin-6 is not included, otherwise ≥ 6) (13, 18). Interleukin-6 
is rarely available as a component for the NUTRIC score; 
therefore, Heyland et al has shown a NUTRIC score ≥ 5 still 
indicates high nutrition risk (19). Two prospective nonran-
domized studies show that patients at high nutrition risk are 
more likely to benefit from early EN with improved outcome 

TABLE 1. Type of Evidence

Type of Evidence
Initial 

GRADE
Criteria to Decrease 

 GRADE
Criteria to Increase 

Grade

Final  Quality 
GRADE 

( confidence in 
the estimate of 

effect

Randomized 
Control Trial 
(RCT)

High Study Limitations
Risk of Bias Serious (−1) or 

very serious (−2) limitation 
to study quality (inadequate 
randomization or blinding, no use 
of intent to treat analysis)

High

Consistency Important 
inconsistency (heterogeneity 
across studies, as I2 >0.5 or 
some say yes but other say no) 
(−1)

Moderate

Directness Some (−1) or 
major (−2) uncertainty about 
directness (outcome variable 
is not a direct measure of the 
process, ie nitrogen balance to 
represent protein catabolism)

Low

Precision Imprecise or sparse 
data (−1) (combined effect size 
is not significant, small number 
of subjects)

Very Low

Publication bias High probability 
of reporting bias (−1)

Observational 
Study (Cohort, 
Case Series, 
Case Study)

Low Strong Association
Significant relative risk of > 2 

(< 0.5) based on consistent 
evidence from two or more 
observational studies, with no 
plausible confounders (+1)

Low

Significant relative risk  
of > 5 (< 0.2) based on direct 
evidence with no major threats  
to validity (+2)

Very Low

Evidence of a dose response 
gradient (+1)

Unmeasured Confounders  
All plausible confounders would 
have reduced the effect (+1)

Good Practice 
Statement

Ungraded

Adapted from GRADE Working Group. Grading quality of evidence and strength of recommendations. BMJ 2004, 328 (7454): 1490–1494
Guyatt et al, J Clin Epidemiol 2015. (8)
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(reduced nosocomial infection, total complications, and 
mortality) than patients at low nutrition risk (13, 18). While 
widespread use and supportive evidence is somewhat lacking 
to date, improvement in these scoring systems may increase 
their applicability in the future by providing guidance as to 
the role of EN and PN in the ICU.

Question: What additional tools, components or surrogate 
markers provide useful information when performing nutri-
tion assessments in critically ill adult patients?

A2. Based on expert consensus, we suggest that 
nutritional assessment include an evaluation of 
comorbid conditions, function of the gastrointestinal 
(GI) tract, and risk of aspiration. We suggest not using 
traditional nutrition indicators or surrogate markers, 
as they are not validated in critical care.

Rationale: In the critical care setting, the traditional 
serum protein markers (albumin, prealbumin, transfer-
rin, retinol-binding protein) are a reflection of the acute 
phase response (increases in vascular permeability and 
reprioritization of hepatic protein synthesis) and do not 
accurately represent nutrition status in the ICU setting 
(20). Anthropometrics are not reliable in assessment of 
nutrition status or adequacy of nutrition therapy (21). 
Individual levels of calcitonin, C-reactive protein (CRP), 
IL-1, tumor necrosis factor (TNF), IL-6, and citrulline are 
still investigational and should not be used as surrogate 
markers. Ultrasound is emerging as a tool to expediently 
measure muscle mass and determine changes in muscle tis-
sue at bedside in the ICU, given its ease of use and avail-
ability (22, 23). A CT scan provides a precise quantification 
of skeletal muscle and adipose tissue depots; however it is 
quite costly unless a scan taken for other purposes is used 
to determine body composition (24, 25). Both may be valu-
able future tools to incorporate into nutrition assessment; 
however, validation and reliability studies in ICU patients 
are still pending. Assessment of muscle function is still in its 
infancy. Its measurement, reproducibility, and applicability 
are still being validated for use in critically ill patients, and 
may be of value in the future.

Question: What is the best method for determining energy 
needs in the critically ill adult patient?

A3a. We suggest that indirect calorimetry (IC) be used 
to determine energy requirements, when available and 
in the absence of variables that affect the accuracy of 
measurement.

[Quality of Evidence: Very Low]

A3b. Based on expert consensus, in the absence of 
IC, we suggest that a published predictive equation 
or a simplistic weight-based equation (25–30 kcal/kg/
day) be used to determine energy requirements. (See 
section Q for obesity recommendations.)

Rationale: Clinicians should determine energy require-
ments in order to establish the goals of nutrition therapy. 
Energy requirements may be calculated either through simplis-
tic formulas (25–30 kcal/kg/day), published predictive equa-
tions, or IC. The applicability of IC may be limited at most 
institutions by availability and cost. Variables in the ICU that 
affect the timing and accuracy of IC measurements include 
the presence of air leaks or chest tubes, supplemental oxygen 
(e.g., nasal cannula, bilevel positive airway pressure), ventila-
tor settings (fractional inspiratory oxygen and positive end-
expiratory pressure), continuous renal replacement therapy 
(CRRT), anesthesia, physical therapy, and excessive movement 
(26). More than 200 predictive equations have been published 
in the literature, with accuracy rates ranging from 40–75% 
when compared to IC, and no single equation emerges as being 
more accurate in an ICU (27–32). Predictive equations are less 
accurate in obese and underweight patients (33–36). Equations 
derived from testing hospital patients (Penn State, Ireton-Jones, 
Swinamer) are no more accurate than equations derived from 
testing normal volunteers (Harris-Benedict, Mifflin St. Jeor) 
(37). The poor accuracy of predictive equations is related to 
many non-static variables affecting energy expenditure in the 
critically ill patient, such as weight, medications, treatments, 
and body temperature. The only advantage of using weight-
based equations over other predictive equations is simplicity. 
However, in critically ill patients following aggressive volume 
resuscitation or in the presence of edema or anasarca, clinicians 
should use dry or usual body weight in these equations.

Additional energy provided by dextrose-containing flu-
ids and lipid-based medications such as propofol should be 
accounted for when deriving nutrition therapy regimens to 
meet target energy goals. Achieving energy balance as guided 

TABLE 2. Bundle Statements

•   Assess patients on admission to the ICU for nutrition risk, and calculate both energy and protein requirements to determine 
goals of nutrition therapy.

•   Initiate enteral nutrition (EN) within 24−48 hours following the onset of critical illness and admission to the ICU and increase to 
goals over the first week of ICU stay.

•   Take steps as needed to reduce risk of aspiration or improve tolerance to gastric feeding (use prokinetic agent, continuous 
infusion, chlorhexidine mouthwash, elevate the head of bed, and divert level of feeding in the gastrointestinal tract).

•  Implement enteral feeding protocols with institution-specific strategies to promote delivery of EN.

•  Do not use gastric residual volumes as part of routine care to monitor ICU patients on EN.

•  Start parenteral nutrition early when EN is not feasible or sufficient in high-risk or poorly nourished patients.
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by IC measurements compared to predictive equations may 
lead to more appropriate nutrition intake.

While two RCTs (38, 39) that met our inclusion criteria (with 
data from 161 patients) showed that higher mean intake of 
energy and protein were provided in IC-directed study patients 
compared to controls whose nutrition therapy was directed by 
predictive equations, issues with study design prevent a stron-
ger recommendation for use of IC. In a study of burn patients, 
use of IC-directed nutrition therapy helped provide the mini-
mal effective intake, avoiding the excesses of overfeeding seen 
in controls whose therapy was directed by the Curreri formula. 
Complications between groups (diarrhea and hyperglycemia) 
were no different, but traditional outcome parameters were not 
evaluated (38). A second study in general ICU patients used 
both EN and PN to meet target energy goals determined by IC 
measurement or a weight-based predictive equation (25 kcal/
kg/day) (39). While the IC-directed energy goal was no different 
than the value obtained by predictive equation (1976 ± 468 vs 
1838 ± 468 kcal/day, respectively, p = 0.60), only study patients 
were monitored vigilantly by an ICU dietitian, while controls 
were managed by standard of care (less frequent ICU dietitian 
monitoring), which led to significantly more energy and pro-
tein per day in the study patients. The trend toward reduced 
mortality in study patients compared to controls (RR = 0.63; 
95% CI, 0.39–1.02; p = 0.06) is difficult to reconcile in light of 
their increased morbidity with regard to ICU LOS (17.2 + 14.6 
vs 11.7 + 8.4 days, p = 0.04) and duration of mechanical ventila-
tion (16.1 + 14.7 vs 10.5 + 8.3 days, p = 0.03) (38, 39).

Whether measured by IC or estimated by predictive equa-
tions, energy expenditure should be reevaluated more than 
once per week, and strategies to optimize energy and protein 
intake should be used (39, 40).

Question: Should protein provision be monitored indepen-
dently from energy provision in critically ill adult patients?

A4. Based on expert consensus, we suggest an 
ongoing evaluation of adequacy of protein provision 
be perforMed

Rationale: In the critical care setting, protein appears to be 
the most important macronutrient for healing wounds, sup-
porting immune function, and maintaining lean body mass. For 
most critically ill patients, protein requirements are proportion-
ately higher than energy requirements and thus are not easily 
met by provision of routine enteral formulations (which have 
a high nonprotein calorie-to-nitrogen ratio [NPC:N]). Patients 
with suboptimal EN due to frequent interruptions may bene-
fit from protein supplementation. The decision to add protein 
modules should be based on an ongoing assessment of adequacy 
of protein intake. Weight-based equations (e.g., 1.2–2.0 g/kg/
day) may be used to monitor adequacy of protein provision by 
comparing the amount of protein delivered to that prescribed, 
especially when nitrogen balance studies are not available to 
assess needs (see section C4) (41, 42). Serum protein markers 
(albumin, prealbumin, transferrin, CRP) are not validated for 
determining adequacy of protein provision and should not be 
used in the critical care setting in this manner (20, 43).

B. INITIATE EN
Question: What is the benefit of early EN in critically ill 

adult patients compared to withholding or delaying this 
therapy?

B1. We recommend that nutrition support therapy in 
the form of early EN be initiated within 24–48 hours 
in the critically ill patient who is unable to maintain 
volitional intake.

[Quality of Evidence: Very Low]
Rationale: EN supports the functional integrity of the 

gut by maintaining tight junctions between the intraepithe-
lial cells, stimulating blood flow, and inducing the release of 
trophic endogenous agents (such as cholecystokinin, gastrin, 
bombesin, and bile salts). EN maintains structural integrity 
by maintaining villous height and supporting the mass of 
secretory IgA-producing immunocytes (B cells and plasma 
cells) that comprise the gut-associated lymphoid tissue 
(GALT), and in turn contribute to mucosal-associated lym-
phoid tissue (MALT) at distant sites such as the lungs, liver, 
and kidneys (44–46).

Adverse change in gut permeability from loss of func-
tional integrity is a dynamic phenomenon that is time depen-
dent (channels opening within hours of the major insult or 
injury). The consequences of the permeability changes include 
increased bacterial challenge (engagement of GALT with 
enteric organisms), risk for systemic infection, and greater 
likelihood of multiple organ dysfunction syndrome (MODS) 
(45, 46). As disease severity worsens, increases in gut perme-
ability are amplified and the enteral route of feeding is more 
likely to favorably impact outcome parameters of infection, 
organ failure, and hospital LOS (47).

The specific reasons for providing EN are to maintain gut 
integrity, modulate stress and the systemic immune response, 
and attenuate disease severity (44, 47, 48). Additional end-
points of EN therapy may include use of the gut as a conduit for 
the delivery of immune-modulating agents and use of enteral 
formulations as an effective means for stress ulcer prophylaxis.

Three previous meta-analyses aggregated data from RCTs 
comparing early versus delayed EN. One meta-analysis of 
eight trials by Heyland showed a trend toward reduced mor-
tality (RR = 0.52; 95% CI, 0.25–1.08; p = 0.08) (49), when EN 
was started within 48 hours compared to delayed initiation of 
EN started after that point. A second meta-analysis of 12 trials 
by Marik showed significant reductions in infectious morbid-
ity (RR = 0.45; 95% CI, 0.30–0.66; p = 0.00006) and hospi-
tal LOS (mean 2.2 days; 95% CI, 0.81–3.63 days; p = 0.001) 
when early EN was started on average within 36 hours of ICU 
admission (50). A third meta-analysis of six trials by Doig 
showed a significant reduction in pneumonia (OR = 0.31; 
95% CI, 0.12–0.78; p = 0.01) and mortality (OR = 0.34; 95% 
CI, 0.14–0.85; p = 0.02), but no difference in multiple organ 
failure (MOF) when early EN was started within 24 hours 
of admission to the ICU, compared to EN started after that 
point (51).

Of an updated meta-analysis of 21 RCTs that met our inclusion 
criteria comparing the provision of early EN versus delayed EN, all 
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reported on mortality (Figure 1), with 13 reporting on infection 
(Figure 2). Provision of early EN was associated with a significant 
reduction in mortality (RR = 0.70; 95% CI, 0.49–1.00; p = 0.05) 
and infectious morbidity (RR = 0.74; 95% CI, 0.58–0.93, p = 0.01), 
compared to withholding early EN (delayed EN or STD).

Question: Is there a difference in outcome between the use 
of EN or PN for adult critically ill patients?

B2. We suggest the use of EN over PN in critically ill 
patients who require nutrition support therapy.

[Quality of Evidence: Low to Very Low]
Rationale: In the majority of critically ill patients it is practi-

cal and safe to use EN instead of PN. The beneficial effects of EN 
compared to PN are well documented in numerous RCTs involv-
ing a variety of patient populations in critical illness, including 
trauma, burns, head injury, major surgery, and acute pancreatitis 

Figure 1. Early enteral nutrition (EN) vs delayed EN, mortality.

Figure 2. Early enteral nutrition (EN) vs delayed EN, infectious complications.
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(47, 49, 52–54). While few studies have shown a differential effect 
on mortality, the most consistent outcome effect from EN is a 
reduction in infectious morbidity (generally, pneumonia and 
central line infections in most patient populations, and specifi-
cally, abdominal abscess in trauma patients) and ICU LOS.

Six previous meta-analyses comparing EN to PN showed signifi-
cant reductions in infectious morbidity with use of EN (49, 55–59). 
Non-infective complications (risk difference = 4.9; 95% CI, 0.3–9.5; 
p = 0.04) and reduced hospital LOS (weighted mean difference 
[WMD] = 1.20 days; 95% CI, 0.38–2.03; p = 0.004) were seen with 
use of EN compared to PN in one of the meta-analyses by Peter 
(57). Five of the meta-analyses showed no difference in mortality 
between the two routes of nutrition support therapy (49, 55–59). 
One meta-analysis by Simpson showed a significantly lower mor-
tality (RR = 0.51; 95% CI, 0.27–0.97; p = 0.04) despite a significantly 
higher incidence of infectious complications (RR = 1.66; 95% CI, 
1.09–2.51; p = 0.02) with use of PN compared to EN (59).

In 12 studies (53, 58, 60–69) representing 618 patients that 
met our inclusion criteria, 9 reported on infection (Figure 3), 
which was shown to be significantly less with EN than PN 
(RR = 0.56; 95% CI, 0.39–0.79; p < .00001). ICU LOS also 
was shorter with EN compared to PN by nearly one full day  
(MD = –0.82; 95% CI, –1.29 to –0.34, p = 0.0007). Hospital 
LOS and mortality were not significantly different. These dif-
ferences in outcome from the separate routes of feeding largely 
reflect findings from older studies and may diminish in the 
future with improvements in glycemic control, protocolized 
medical management and new lipid emulsions.

Question: Is the clinical evidence of contractility (bowel 
sounds, flatus) required prior to initiating EN in critically ill 
adult patients?
B3. Based on expert consensus, we suggest that, in 
the majority of MICU and SICU patient populations, 
while GI contractility factors should be evaluated 
when initiating EN, overt signs of contractility should 
not be required prior to initiation of EN.

Rationale: The literature supports the concept that bowel 
sounds and evidence of bowel function, i.e., passing flatus or 

stool, are not required for initiation of EN. GI dysfunction in 
the ICU setting occurs in 30–70% of patients, depending on 
the diagnosis, premorbid condition, ventilation mode, medi-
cations, and metabolic state (70). Proposed mechanisms of 
ICU and postoperative GI dysfunction are related to mucosal 
barrier disruption, altered motility, atrophy of the mucosa, 
and reduced mass of GALT. GI intolerance has been variably 
defined (e.g., absence or abnormal bowel sounds, vomiting, 
bowel dilatation, diarrhea, GI bleeding, high gastric residual 
volumes [GRVs], etc.) and appears to occur in up to 50% of 
patients on mechanical ventilation. Bowel sounds are indica-
tive only of contractility and do not necessarily relate to 
mucosal integrity, barrier function, or absorptive capacity.

The argument for initiating EN regardless of the extent 
of audible bowel sounds is based on studies (most of which 
involve critically ill surgical patients) reporting the feasibility 
and safety of EN within the initial 36–48 hours of admission 
to the ICU.

Nonetheless, reduced or absent bowel sounds may reflect 
greater disease severity and worsened prognosis. Patients with 
normal bowel sounds have been shown to have lower ICU 
mortality than those with hypoactive or absent bowel sounds 
(11.3% vs 22.6% vs 36.0%, respectively) (71). ICU LOS has 
been shown to increase with greater number of symptoms 
of GI intolerance (2.9 days when asymptomatic versus up to  
16.8 days with four symptoms of intolerance) (72). Not sur-
prisingly, success of EN delivery is reduced with a greater num-
ber of symptoms of GI intolerance. A greater number of signs 
of intolerance may warrant increased vigilance as EN is started, 
and may necessitate further clinical evaluation.

Question: What is the preferred level of infusion of EN 
within the GI tract for critically ill patients? How does the level 
of infusion of EN affect patient outcomes?
B4a. We recommend that the level of infusion be 
diverted lower in the GI tract in those critically ill 
patients at high risk for aspiration (see section D4) or 
those who have shown intolerance to gastric EN.

[Quality of Evidence: Moderate to High]

Figure 3. Enteral nutrition (EN) vs parenteral nutrition (PN), infectious complications.
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B4b. Based on expert consensus we suggest that, in 
most critically ill patients, it is acceptable to initiate 
EN in the stomach.

Rationale: Initiating EN therapy in the stomach is techni-
cally easier and may decrease the time to initiation of EN. The 
choice of level of infusion (i.e., whether the tip of the feed-
ing tube is in the stomach, different segments of the duode-
num [D1, D2, D3 or D4], or the jejunum) within the GI tract 
may be determined by patient selection within ICU practitio-
ners’ institutional framework (ease and feasibility of placing 
small bowel enteral access devices, institutional policies, and 
protocols).

In the largest multicenter RCT to compare gastric versus 
small bowel EN in critically ill patients, Davies et al found no 
difference in clinical outcomes between groups, including LOS, 
mortality, nutrient delivery, and incidence of pneumonia (73). 
Aggregating the data from the RCTs that met our inclusion 
criteria, six trials reported on improved nutrient delivery with 
small bowel feedings (WMD = 11.06%; 95% CI, 5.82–16.30%; 
p < 0.00001) (Figure 4) (73–78), and 12 trials demonstrated a 

reduced risk of pneumonia compared to gastric EN (RR = 0.75; 
95% CI, 0.60–0.93, p = 0.01) (Figure 5) (73–84). Although 
small bowel EN decreases the risk of pneumonia, there is no 
difference in mortality or LOS between small bowel and gas-
tric EN. Therefore, if timely obtainment of small bowel enteral 
access device is not feasible, early EN via the gastric route may 
provide more benefit than delaying feeding initiation while 
awaiting small bowel access (73).

Question: Is EN safe during periods of hemodynamic insta-
bility in adult critically ill patients?
B5. Based on expert consensus, we suggest that 
in the setting of hemodynamic compromise or 
instability, EN should be withheld until the patient 
is fully resuscitated and/or stable. Initiation/re-
initiation of EN may be considered with caution in 
patients undergoing withdrawal of vasopressor 
support.

Rationale: At the height of critical illness, EN is being 
provided to patients who are prone to GI dysmotility, sepsis, 

Figure 4. Gastric vs small bowel feedings, nutritional efficiency.

Figure 5. Gastric vs small bowel feedings, pneumonia.
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and hypotension, and thus are at increased risk for subclini-
cal ischemia/reperfusion injuries involving the intestinal 
microcirculation. Ischemic bowel is a very rare complication 
associated with EN (85). In a retrospective review of patients 
requiring stable low doses of vasopressors, those patients 
receiving early delivery of EN had lower ICU mortality 
(22.5% vs 28.3%, p = .03) and hospital mortality (34% vs 
44%, p < 0.001) than those receiving late EN, respectively. 
The beneficial effect of early EN was more evident in patients 
treated with multiple vasopressors (odds ratio 0.36; 95% CI, 
0.15–0.85). When adjustments were made for confounding 
by matching for propensity score, early EN was associated 
with decreased hospital mortality (86).

While EN may be provided with caution to patients on 
chronic, stable low doses of vasopressors (76), EN should be 
withheld in patients who are hypotensive (mean arterial blood 
pressure < 50 mm Hg), in patients for whom catecholamine 
agents (e.g., norepinephrine, phenylephrine, epinephrine, 
dopamine) are being initiated, or in patients for whom escalat-
ing doses are required to maintain hemodynamic stability.

For patients on vasopressor therapy receiving EN, any signs 
of intolerance (abdominal distention, increasing nasogastric 
[NG] tube output or GRVs, decreased passage of stool and 
flatus, hypoactive bowel sounds, increasing metabolic acidosis 
and/or base deficit) should be closely scrutinized as possible 
early signs of gut ischemia and EN should be held until symp-
toms and interventions stabilize.

C. DOSING OF EN
Question: What population of patients in the ICU setting 

does not require nutrition support therapy over the first week 
of hospitalization?
C1. Based on expert consensus, we suggest that 
patients who are at low nutrition risk with normal 
baseline nutrition status and low disease severity 
(for example, NRS -2002 ≤ 3 or NUTRIC score ≤ 5) 
who cannot maintain volitional intake do NOT require 
specialized nutrition therapy over the first week of 
hospitalization in the ICU.

Rationale: Patients admitted to the ICU are a hetero-
geneous group with varying degrees of nutrition risk and 
disease severity. Occasionally patients with low nutrition 
risk, normal baseline nutrition status, and low disease sever-
ity (as defined by an NRS-2002 of ≤ 3 or a Nutric score ≤ 
5) are in the ICU for more than a few days. When possible, 
these patients should be offered oral intake to try to maintain 
nutrition status, appropriate immune responses, and optimal 
organ function. Clinical trials of nutrition therapy in critically 
ill patients typically involve inclusion of patients with high 
severity of injury; thus, the duration of time that a lack of 
adequate volitional intake can elapse before nutrition status 
is compromised in low-risk subjects has not been determined. 
Placement and maintenance of enteral access devices in 
patients who cannot maintain volitional intake has potential 
complications. Provision of aggressive EN in the low-risk ICU 

patient population may provide little if any benefit early in the 
first week in ICU. However, patients can deteriorate, and their 
nutrition risk and disease severity can rapidly change. Low-
risk patients should be reassessed daily and, if their metabolic 
state, disease severity, or expected LOS worsens, the risk-to-
benefit ratio may then favor initiation of EN therapy.

Question: For which population of patients in the ICU set-
ting is it appropriate to provide trophic EN over the first week 
of hospitalization?
C2. We recommend that either trophic or full nutrition 
by EN is appropriate for patients with acute respiratory 
distress syndrome (ARDS)/acute lung injury (ALI) 
and those expected to have a duration of mechanical 
ventilation ≥ 72 hours, as these two strategies of 
feeding have similar patient outcomes over the first 
week of hospitalization.

[Quality of Evidence: High]
Rationale: In one randomized single-center study of a het-

erogeneous population of patients with acute respiratory fail-
ure and another larger randomized multicenter trial enrolling 
patients with ARDS/ALI and those expected to have a dura-
tion of mechanical ventilation of at least 72 hours, initial tro-
phic EN (defined as 10–20 kcal/hr or up to 500 kcal/day) for 
up to six days resulted in a lower incidence of GI intolerance 
over the first week of hospitalization in the ICU than full EN 
(87, 88). Initial trophic feeds resulted in similar clinical out-
comes, including ventilator-free days, ICU-free days, 60-day 
mortality, and development of nosocomial infections, com-
pared to early advancement to full EN (targeting energy goals 
based on energy requirements). The larger multicenter trial 
has been criticized for under-delivery of protein (0.6–0.8 g/kg/
day) and the fact that study patients were moderately critically 
ill and had a shorter LOS in the ICU, potentially indicating 
lower nutrition risk. There is a lack of data available to deter-
mine the benefit of full versus trophic feed of those patients 
determined to be at high nutrition risk. These patients were 
intentionally excluded in the reviewed protocols. For these 
patients, please review section C3.

Question: What population of patients in the ICU requires 
full EN (as close as possible to target nutrition goals) begin-
ning in the first week of hospitalization? How soon should tar-
get nutrition goals be reached in these patients?
C3. Based on expert consensus, we suggest that 
patients who are at high nutrition risk (for example, 
NRS-2002 > 5 or NUTRIC score ≥ 5, without 
interleukin-6) or severely malnourished should 
be advanced toward goal as quickly as tolerated 
over 24–48 hours while monitoring for refeeding 
syndrome. Efforts to provide > 80% of estimated 
or calculated goal energy and protein within 48–72 
hours should be made in order to achieve the clinical 
benefit of EN over the first week of hospitalization.

Rationale: Trophic feeds (usually defined as 10–20 mL/hr 
or 10–20 kcal/hr) may be sufficient to prevent mucosal atrophy 
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and maintain gut integrity in low- to moderate-risk patients, 
but may be insufficient to achieve the usual endpoints desired 
for EN therapy in high-risk patients. Studies suggest that  
> 50–65% of goal energy may be required to prevent 
increases in intestinal permeability and systemic infection 
in burn and bone-marrow transplant patients, to promote 
faster return of cognitive function in head injury patients, 
and to reduce mortality in high-risk hospitalized patients 
(13, 46, 80, 89).

In a prospective nonrandomized study, Jie showed that 
high-risk surgery patients (NRS-2002 ≥ 5) who received suf-
ficient preoperative nutrition therapy (> 10 kcal/kg/day for 
7 days) had significant reductions in nosocomial infections 
and overall complications compared to patients who received 
insufficient therapy (18). No differences were seen between 
sufficient and insufficient EN in low-risk patients (18). In a 
large observational study, Heyland showed that, for high-risk 
ICU patients with NUTRIC scores ≥ 6, increasing the per-
cent of goal energy delivered (goal defined as 100% of energy 
requirements) correlated significantly with reductions in 
mortality (90). The lowest mortality was achieved with EN, 
which provided > 80% goal energy. For low-risk patients, no 
correlation was seen between percent goal energy delivered 
and mortality (90).

Question: Does the amount of protein provided make a 
difference in clinical outcomes of adult critically ill patients?
C4. We suggest that sufficient (high-dose) protein 
should be provided. Protein requirements are expected 
to be in the range of 1.2–2.0 g/kg actual body weight 
per day, and may likely be even higher in burn or multi-
trauma patients (see sections M and P).

[Quality of Evidence: Very Low]
Rationale: Recent studies in critical illness suggest that 

provision of protein is more closely linked to positive out-
comes than provision of total energy (and specifically deliv-
ery of the other macronutrients of fat and carbohydrate). 
Also, the dose of protein required by critically ill patients 
appears to be higher than previously thought. A prospective 
observational study in mechanically ventilated patients dem-
onstrated that achievement of both protein (1.3 g/kg protein 
provided) and energy targets was associated with a 50% 
decrease in 28-day mortality, whereas no decrease in mortal-
ity was noted when energy targets alone were met (0.8 g/kg 
protein provided) (91). In another prospective observational 
study in a mixed medical/surgical ICU, a stepwise decrease 
in 28-day mortality was demonstrated with increased pro-
tein provision (Group 1: 0.79 g/kg, 27% mortality; Group 2: 
1.06 g/kg, 24% mortality; Group 3: 1.46 g/kg, 16% mortal-
ity) (92). Two small RCTs, however, showed no difference 
in mortality when a higher protein dose was provided (93, 
94). Unfortunately, determination of protein requirements 
in the critical care setting remains difficult, with most clini-
cians using simplistic weight-based equations (1.2–2.0 g/kg/
day). Use of nitrogen balance or NPC:N (70:1 to 100:1) is of 
limited value in the ICU (95).

D. MONITORING TOLERANCE AND 
ADEQUACY OF EN

Question: How should tolerance of EN be monitored in the 
adult critically ill N1. population?
D1. Based on expert consensus, we suggest that 
patients should be monitored daily for tolerance of 
EN. We suggest that inappropriate cessation of EN 
should be avoided. We suggest that ordering a feeding 
status of nil per os (NPO) for the patient surrounding 
the time of diagnostic tests or procedures should be 
minimized to limit propagation of ileus and to prevent 
inadequate nutrient delivery.

Rationale: Tolerance may be determined by physical exam-
ination, passage of flatus and stool, radiologic evaluations, 
and absence of patient complaints such as pain or abdomi-
nal distention. GI intolerance is usually defined by vomiting, 
abdominal distention, complaints of discomfort, high NG out-
put, high GRV, diarrhea, reduced passage of flatus and stool, 
or abnormal abdominal radiographs. Metheny reported that 
more than 97% of nurses surveyed assessed intolerance solely 
by measuring GRVs (the most frequently cited threshold levels 
for interrupting EN listed as 200 mL and 250 mL) (96).

Less than half of patients ever reach their target goal energy 
intake during their ICU stay. A number of factors impede the 
delivery of EN in the critical care setting (97–99). Healthcare pro-
viders who prescribe EN tend to under-order energy, prescribing 
only 60–80% of energy requirements. Patients typically receive 
approximately 80% of what is ordered. This combination of 
under-ordering and inadequate delivery results in patients receiv-
ing on average only 50% of target goal energy from one day to the 
next. Cessation of EN occurs in over 85% of patients for an average 
of 8–20% of the infusion time (the reasons for which are avoid-
able in 23% of planned procedures and 65% of all occasions) (97, 
99). While patient intolerance accounts for a third of cessation 
time, only half of this represents true intolerance. Remaining NPO 
after midnight for diagnostic tests and procedures affects 25–33% 
of ICU patients and accounts for up to 25% of cessation time. 
Technical issues involving the enteral access device, such as main-
taining patency or repositioning/replacing the tube, can account 
for up to 25% of cessation time. In one study, patients random-
ized to continue EN during frequent surgical procedures (burn 
wound debridement under general anesthesia) had significantly 
fewer infections than those patients for whom EN was stopped for 
each procedure (100). Ileus may be propagated by repeated and 
prolonged periods for which patients are NPO (101).

Question: Should GRVs be used as a marker for aspiration 
to monitor ICU patients on EN?
D2a. We suggest that GRVs not be used as part of 
routine care to monitor ICU patients on EN.

D2b. We suggest that, for those ICUs where GRVs 
are still utilized, holding EN for GRVs < 500 mL in the 
absence of other signs of intolerance (see section D1) 
should be avoided.

[Quality of Evidence: Low]
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Rationale: GRVs do not correlate with incidences of pneu-
monia (102, 103), regurgitation, or aspiration (104). Although a 
study showed that cumulative GRV of > 250 mL over 24 hours 
correlated with gastric emptying using scintigraphy studies and 
(13)C-octanoate breath tests (105), three other trials using the 
paracetamol (acetaminophen) test showed poor correlation of 
GRVs done every 4 hours to gastric emptying (106–108). In a 
trial using a highly sensitive and specific marker for aspiration, 
GRVs (over a range of 150–400 mL) were shown to be a poor 
monitor for aspiration, with a very low sensitivity of 1.5–4.1%, a 
positive predictive value of 18.2–25%, and a negative predictive 
value of 77.1–77.4% (109). Results from four RCTs indicate that 
raising the cutoff value for GRVs (leading to automatic cessation 
of EN) from a lower number of 50–150 mL to a higher number 
of 250–500 mL does not increase the incidence of regurgitation, 
aspiration, or pneumonia (80, 102, 103, 109). Decreasing the cut-
off value for GRVs does not protect the patient from these com-
plications. Use of GRVs leads to increased enteral access device 
clogging, inappropriate cessation of EN, consumption of nursing 
time and allocation of healthcare resources, and may adversely 
affect outcome through reduced volume of EN delivered (110).

Three studies have shown that eliminating the practice of 
using GRVs improves delivery of EN without jeopardizing 
patient safety (110–112). All three trials, two RCTs (110, 112), 
and one prospective before/after implementation trial (111) 
showed no significant difference between groups with regard 
to pneumonia. Two of the trials showed significantly greater 
EN delivery, either by increased volume of EN infused (111) 
or greater reduction in energy deficit (112). One trial showed 
significantly more vomiting, but significantly better overall GI 
tolerance when GRVs were eliminated (112), while a second 
trial showed no difference in vomiting between groups (111).

If the practice of GRVs is eliminated, a number of alterna-
tive strategies may be used to monitor critically ill patients on 
EN: careful daily physical examinations, review of abdominal 
radiologic films, and evaluation of clinical risk factors for aspira-
tion. EN protocols should be initiated, and efforts to proactively 
reduce risk of aspiration pneumonia should be made (see sec-
tions D3 and D4). For those ICUs reluctant to stop using GRVs, 
care should be taken in their interpretation. GRVs in the range of 
200–500 mL should raise concern and lead to the implementa-
tion of measures to reduce risk of aspiration, but automatic ces-
sation of EN should not occur for GRVs < 500 mL in the absence 
of other signs of intolerance (80, 102–104, 109).

Question: Should EN feeding protocols be used in the adult 
ICU setting?
D3a. We recommend that enteral feeding protocols 
be designed and implemented to increase the overall 
percentage of goal calories provided.

[Quality of Evidence: Moderate to High]

D3b. Based on expert consensus, we suggest that use 
of a volume-based feeding protocol or a top-down 
multi-strategy protocol be considered.

Rationale: Use of ICU- or nurse-driven protocols that define 
goal EN infusion rate, designate more rapid startups, and provide 

specific orders for handling GRVs, frequency of flushes, and con-
ditions or problems under which EN may be adjusted or stopped, 
have been shown to be successful in increasing the overall per-
centage of goal energy provided (80, 113–117). In addition, vol-
ume-based feeding protocols, in which 24-hour or daily volumes 
are targeted instead of hourly rates, have been shown to increase 
volume of nutrition delivered (116). These protocols empower 
nurses to increase feeding rates to make up for volume lost while 
EN is held. Top-down protocols use multiple different strategies 
simultaneously at the time of initiation of EN to enhance toler-
ance and increase delivery of EN, removing individual strategies 
as tolerance improves over the first few days of infusion. Top-
down multi-strategy protocols typically use volume-based feed-
ing in conjunction with prokinetic agents and post-pyloric tube 
placement initially (among other strategies), with prokinetic 
agents stopped in patients who demonstrate lack of need (116).

Aggregating the data from two studies that met our inclu-
sion criteria (Figure 6), use of nurse-driven EN protocols to 
increase EN delivery positively impacted patient outcome by 
reducing the incidence of nosocomial infections compared 
to controls where no protocol was used (RR = 0.58; 95% CI, 
0.43–0.81, p = 0.001) (80, 116).

Question: How can risk of aspiration be assessed in criti-
cally ill adults patients receiving EN, and what measures may 
be taken to reduce the likelihood of aspiration pneumonia?
D4. Based on expert consensus, we suggest that 
patients placed on EN should be assessed for risk of 
aspiration, and that steps to reduce risk of aspiration 
and aspiration pneumonia should be proactively 
employed.

Rationale: Aspiration is one of the most feared complica-
tions of EN. Patients at increased risk for aspiration may be 
identified by a number of factors, including inability to pro-
tect the airway, presence of a nasoenteric enteral access device, 
mechanical ventilation, age over 70 years, reduced level of 
consciousness, poor oral care, inadequate nurse/patient ratio, 
supine positioning, neurologic deficits, gastroesophageal 
reflux, transport out of the ICU, and use of bolus intermittent 
EN (104). Pneumonia and bacterial colonization of the upper 
respiratory tree is more closely associated with aspiration of 
contaminated oropharyngeal secretions than regurgitation 
and aspiration of contaminated gastric contents (118–120).

D4a. We recommend diverting the level of feeding 
by post-pyloric enteral access device placement in 
patients deemed to be at high risk for aspiration (see 
also section B5)

[Quality of Evidence: Moderate to High]
Rationale: Changing the level of infusion of EN from the 

stomach to the small bowel has been shown to reduce the inci-
dence of regurgitation, aspiration, and pneumonia (121, 122). 
In 13 RCTs (73–84), pneumonia was significantly lower in 
patients with small bowel EN (RR = 0.75; 95% CI, 0.6–0.93,  
p = 0.01), including when restricted to studies using evidence 
of ventilator-associated pneumonia (VAP) (RR = 0.72; 95%, 
CI, 0.55–0.93, p = 0.01), compared to patients on gastric EN. 
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There was no difference in mortality, ICU LOS, hospital LOS, 
duration of mechanical ventilation, or time to goal EN.

D4b. Based on expert consensus, we suggest that for 
high-risk patients or those shown to be intolerant to 
bolus gastric EN, delivery of EN should be switched to 
continuous infusion.

Rationale: The potential harm from aggressive bolus infu-
sion of EN leading to increased risk of aspiration pneumonia 
was shown in one study (123). An RCT showed a trend toward 
decreased mortality with continuous EN (13.9% intermittent 
vs 7.4% continuous, p = 0.18) (124). Five small RCTs compar-
ing bolus to continuous infusion have shown greater volume 
with fewer interruptions in delivery of EN with continuous 
EN, but no significant difference between techniques with 
regard to patient outcome (125–129).

D4c. We suggest that, in patients at high risk 
of aspiration, agents to promote motility, such 
as prokinetic medications (metoclopramide or 
erythromycin), be initiated where clinically feasible.

[Quality of Evidence: Low]
Rationale: Adding prokinetic agents such as erythromycin or 

metoclopramide has been shown to improve gastric emptying and 
tolerance of EN, but has resulted in little change in clinical outcome 
for ICU patients. A total of eight RCTs that met our inclusion crite-
ria (130–137) using metoclopramide and one combining erythro-
mycin with metoclopramide were reviewed by meta-analysis. No 
difference was found in terms of mortality or infection. However, 

GRVs were lower with prokinetic agents than with control  
(RR = 1.87; 95% CI, 1.20–2.91, p = 0.006) in three RCTs that met 
our inclusion criteria (Figure 7). Erythromycin doses of 3–7 mg/kg  
per day have been utilized to treat gastric enteral feeding intoler-
ance. Likewise, metoclopramide, 10 mg 4 times a day, has been 
shown to be efficacious for elevated gastric residuals; however, dos-
age adjustments to metoclopramide may be necessary in patients 
with declining renal function. For both pharmaceutical agents, oral 
and IV routes may be used. Erythromycin has been associated with 
undesirable effects, including cardiac toxicity, tachyphylaxis, and 
bacterial resistance, and should be used cautiously with monitor-
ing. Metoclopramide also has associated adverse complications, 
including tardive dyskinesia, more frequently in the elderly. Both 
agents have been associated with QT prolongation, predisposing to 
cardiac arrhythmias (138, 139). Combination therapy with eryth-
romycin and metoclopramide did demonstrate improved GRVs, 
allowing for greater feeding success; however, neither hospital LOS 
nor mortality were different. Furthermore, the incidence of watery 
diarrhea was statistically higher in patients receiving combination 
therapy (54% vs 26.3%, p = 0.01) (133). Studies demonstrating 
improved clinical outcomes from combination therapy without 
associated increase in risk of adverse effects are needed before this 
approach can be recommended. Use of naloxone infused through 
the enteral access device (to reverse the effects of opioid narcot-
ics at the level of the gut in order to improve intestinal motility) 
was shown in one study to significantly increase the volume of EN 
infused, reduce GRVs, and decrease the incidence of VAP (com-
pared to placebo) (132). Peripherally acting mu-opioid receptor 
antagonists, specifically methylnaltrexone and alvimopan, have 

Figure 6. Feeding protocol vs control, infections.

Figure 7. Motility agent vs placebo, lower gastric residual volume.
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been shown to facilitate recovery of GI function after surgery; 
however, to date there are no studies investigating their use as pro-
kinetic agents.

D4d. Based on expert consensus, we suggest that 
nursing directives to reduce risk of aspiration and VAP 
be employed. In all intubated ICU patients receiving 
EN, the head of the bed should be elevated 30–45º and 
use of chlorhexidine mouthwash twice a day should 
be considered.

Rationale: Elevating the head of the bed 30–45º was shown 
in one study to reduce the incidence of pneumonia from 23% 
to 5%, comparing supine to semi-recumbent position, respec-
tively (p = 0.018) (140, 141). Optimizing oral health with 
chlorhexidine mouthwash twice daily was shown in two stud-
ies to reduce respiratory infection and nosocomial pneumonia 
in patients undergoing heart surgery (142, 143). While studies 
evaluating the use of chlorhexidine in general ICU popula-
tions have shown little outcome effect, two studies in which 
chlorhexidine oral care was included in bundled interventions 
showed significant reductions in nosocomial respiratory infec-
tions (144, 145). Other steps to decrease aspiration risk would 
include reducing the level of sedation/analgesia when possible 
and minimizing transport out of the ICU for diagnostic tests 
and procedures (104, 146).

Question: Are surrogate markers useful in determining 
aspiration in the critical care setting?
D5. Based on expert consensus, we suggest that 
neither blue food coloring nor any coloring agent be 
used as a marker for aspiration of EN. Based on expert 
consensus, we also suggest that glucose oxidase 
strips not be used as surrogate markers for aspiration 
in the critical care setting.

Rationale: Traditional monitors for aspiration are ineffec-
tive. Any use of a color monitor (e.g., methylene blue, blue 
food coloring) interferes with other colorimetric tests such as 
hemocult, gastrocult, and pH testing (147, 148). High-dose 
methylene blue may have effects similar to blue food coloring 
regarding mitochondrial toxicity and interference with oxida-
tive phosphorylation (147). Blue food coloring, an insensitive 
marker for aspiration, was shown to be associated with mito-
chondrial toxicity and patient death (147, 149). The U.S. Food 
and Drug Administration (FDA), through a Health Advisory 
Bulletin (September 2003) issued a mandate against the use 
of blue food coloring as a monitor for aspiration in patients 
on EN (150). The basic premise for the use of glucose oxidase 
(that glucose content in tracheal secretions is solely related to 
aspiration of glucose-containing formulation) has been shown 
to be invalid, and its use is thwarted by poor sensitivity/speci-
ficity characteristics (151).

Question: How should diarrhea associated with EN be 
assessed in the adult critically ill population?
D6. Based on expert consensus, we suggest that EN 
NOT be automatically interrupted for diarrhea but 

rather that feeds be continued while evaluating the 
etiology of diarrhea in an ICU patient to determine 
appropriate treatment.

Rationale: Diarrhea in ICU patients receiving EN is com-
mon but may be serious, as the incidence ranges from 2–95% 
and often results in electrolyte imbalance, dehydration, peri-
anal skin breakdown, and wound contamination (152). If 
unable to control the diarrhea, clinicians often stop EN, with 
resulting inadequate nutrition intake. Differences in defini-
tion, stool collection, and sampling techniques account for the 
wide range of incidence in clinical studies; the definitions most 
commonly used are 2–3 liquid stools per day or > 250 g of liq-
uid stool per day (153, 154).

The following factors may contribute to acute diarrhea: type 
and amount of fiber in formula, osmolality of formula, delivery 
mode, EN contamination, medications (antibiotics, proton-
pump inhibitors, prokinetics, glucose lowering agents, non-
steroidal antiinflammatory drugs, selective serotonin reuptake 
inhibitors, laxatives, and sorbitol-containing preparations, in 
particular), and infectious etiologies, including Clostridium dif-
ficile (152). Studies have shown an association between short-
chain carbohydrates, fermentable oligosaccharides, disaccharides 
and monosaccharides, and polyols (FODMAPS) and diarrhea, as 
they are highly osmotic and rapidly fermented by gut bacteria. 
Formulas with a high content of FODMAPS may play a role in 
diarrhea, especially if the patient is also receiving antibiotics that 
have a detrimental effect on intestinal microbiota (155). Most 
episodes of nosocomial diarrhea are mild and self limiting (156).

Assessment of diarrhea should include an abdominal exam-
ination, quantification of stool, stool culture for Clostridia dif-
ficile (and/or toxin assay), serum electrolyte panel (to evaluate 
for excessive electrolyte losses or dehydration), and review of 
medications. An attempt should be made to distinguish infec-
tious diarrhea from osmotic diarrhea (157).

E. SELECTION OF APPROPRIATE ENTERAL 
FORMULATION

Question: Which formula should be used when initiating 
EN in the critically ill patient?
E1. Based on expert consensus, we suggest using a 
standard polymeric formula when initiating EN in the 
ICU setting. We suggest avoiding the routine use of 
all specialty formulas in critically ill patients in a MICU 
and disease-specific formulas in the SICU.

Rationale: For the majority of patients in an ICU setting, 
a standard polymeric isotonic or near isotonic 1 kcal to 1.5 
kcal/mL formula is appropriate and will be well tolerated. 
This recommendation is one of exclusion, in that no clear 
benefit to patient outcome has been shown in the literature 
for the routine use of specialty formulas in a general ICU set-
ting, including those that are designed to be disease specific 
(diabetes), organ specific (pulmonary, renal, hepatic), semi-
elemental, elemental or immune-modulating. One exception 
would be the use of an immune-modulating formula in the 
postoperative patient in a SICU setting (see section O3). Use 
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of immune-modulating formulas has shown no outcome ben-
efits over standard EN formulas in a MICU setting (see sec-
tion E2). The rationale for pulmonary formulas (high fat to 
carbohydrate to reduce respiratory quotient) has been shown 
to be erroneous (effect seen only with overfeeding), and their 
high content of omega-6 fatty acid may drive inflammatory 
processes (158). Disease-specific and severe fluid-restricted 
formulas may be used rarely in a small percent of patients on 
a case-by-case basis due more to physiologic benefits such as 
electrolyte profile and volume restriction (renal).

Question: Do immune-modulating enteral formulations 
have an impact on clinical outcomes for the critically ill patient 
regardless of the ICU setting?
E2. We suggest immune-modulating enteral 
formulations (arginine with other agents, including 
eicosapentaenoic acid [EPA], docosahexaenoic acid 
[DHA], glutamine, and nucleic acid) should not be 
used routinely in the MICU. Consideration for these 
formulations should be reserved for patients with 
TBI and perioperative patients in the SICU (see 
sections O and M).

[Quality of Evidence: Very Low]
Rationale: In selecting immune-modulating enteral formu-

lations (supplemented with arginine, EPA, DHA, glutamine, 
and nucleic acid) for the critically ill patient, the clinician must 
first decide if the patient is a candidate for a specialty immune-
modulating formulation (159).

While early meta-analyses suggested outcome benefits of 
reduced infection, hospital LOS, and duration of mechanical 
ventilation with use of such formulas in a general ICU setting 
(both medical and surgical) (160, 161), Heyland showed only 
a reduction in hospital LOS (WMD = –0.47; 95% CI, –0.93 to 
–0.01, p = 0.047) specifically in a MICU (162). A meta-analysis 
of 20 RCTs that met our inclusion criteria suggests that add-
ing pharmaconutrients to the enteral formula may have a role 
in the critically ill hyperdynamic patient, but the data in the 
MICU population do not support any recommendation for 
use in terms of mortality (17 studies, 2160 patients) (52, 160, 
163–177), infectious complications (9 studies, 1522 patients) 
(52, 165, 167, 168, 171–173, 175, 178) or hospital LOS (11 stud-
ies, 147 patients) (52, 65, 163, 167–171, 174, 177, 178).

Unfortunately, few studies have addressed the individual 
pharmaconutrients, their specific effects, or their proper dosing. 
This body of literature has been criticized for the heterogeneity of 
studies, performed in a wide range of ICU patient populations, 
with a variety of experimental and commercial formulations. 
Multiple enteral formulations are marketed as being immune or 
metabolic modulating, but vary considerably in their makeup 
and dosage of individual components, and are more costly. It 
is not clear whether the data from published studies can be 
extrapolated to promote use of newer formulations with similar 
components that have not been formally evaluated. Based on the 
heterogeneity of the populations studied and the inconsistency 
in the outcomes, the Guidelines Committee felt that no recom-
mendation of support in the MICU was warranted.

Question: Should EN formulas with fish oils (FOs), borage 
oil and antioxidants be used in patients with ALI or ARDS?
E3. We cannot make a recommendation at this time 
regarding the routine use of an enteral formulation 
characterized by an antiinflammatory lipid profile (e.g., 
omega-3 FOs, borage oil) and antioxidants, in patients 
with ARDS and severe ALI, given conflicting data.

[Quality of Evidence: Low to Very Low]
Rationale: Six RCTs have evaluated the use of additives or 

formulas with an antiinflammatory lipid profile (omega-3 
FO, borage oil, and antioxidants) in patients with ARDS, 
ALI, and sepsis. These studies have significant heterogene-
ity based on the method of infusion (continuous vs bolus). 
In addition, the placebo formula used in the large, multi-
center study by Rice et al contained an extra 16 grams of 
protein daily compared with study patients (20 vs 4 grams 
of protein, respectively) (179). Furthermore, comparison to 
a commercial formula high in omega-6 fatty acids increased 
the risk for the effect of a negative control in two of the 
studies (180, 181). Aggregating all trials (179–184) together 
based on outcomes reported suggests that use of enteral 
omega-3 fatty acids, borage oil, and antioxidants does not 
significantly reduce ICU LOS, duration of mechanical ven-
tilation, organ failure, or hospital mortality compared to 
use of a standard enteral formulation. At this time, in light 
of the conflicting data, the Guidelines Committee cannot 
recommend that a formula with an antiinflammatory lipid 
profile in ARDS/ALI patients be used routinely until further 
data are available.

Question: In adult critically ill patients, what are the indica-
tions, if any, for enteral formulations containing soluble fiber 
or small peptides?
E4a. We suggest that a commercial mixed fiber 
formula not be used routinely in the adult critically ill 
patient prophylactically to promote bowel regularity 
or prevent diarrhea.

[Quality of Evidence: Low]

E4b. Based on expert consensus, we suggest 
considering use of a commercial mixed fiber-containing 
formulation if there is evidence of persistent diarrhea. 
We suggest avoiding both soluble and insoluble fiber 
in patients at high risk for bowel ischemia or severe 
dysmotility. We suggest considering use of small 
peptide formulations in the patient with persistent 
diarrhea, with suspected malabsorption,  ischemia, or 
lack of response to fiber.

Rationale: Those patients with persistent diarrhea (in 
whom other sources of diarrhea have been excluded, such as 
medications and C difficile) may benefit from use of a mixed 
fiber-containing formula, a small peptide semi-elemental for-
mula or a soluble fiber supplement added to a standard for-
mula (see section F1).

 Commercial fiber-containing formulas are mixed, contain-
ing both soluble and insoluble fiber. Routine provision of a 
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commercially available mixed fiber formulation in a non-ICU 
patient may be useful in promoting bowel regularity. In a criti-
cal care setting, however, there is concern for use of mixed-
fiber formulas in patients at high risk for bowel ischemia or 
severe dysmotility due to reports of bowel obstruction in sur-
gical and trauma patients receiving such formulations contain-
ing insoluble fiber (185, 186).

While mixed-fiber formulas have been shown to reduce diar-
rhea in critically ill patients receiving a broad spectrum of anti-
biotics (187), results have been inconsistent. One RCT in septic 
SICU patients found accumulated diarrhea scores over 14 days 
were significantly lower in the group receiving a mixed-fiber diet 
(187). In contrast, an RCT in Australia comparing a mixed fiber-
containing enteral feed with a non-fiber-containing standard 
formula in ICU patients found that soy polysaccharide as meth-
ylcellulose did not decrease diarrhea in this population (188).

The laboratory data, theoretical concepts, and expert opin-
ion would support the use of small peptide-containing enteral 
formulas, but current large prospective trials are not available 
to make this a strong recommendation (154). Use of a soluble 
fiber supplement added to a standard enteral formula would 
be a third alternative (see section F1).

F. ADJUNCTIVE THERAPY
Question: Should a fiber additive be used routinely in all 

hemodynamically stable ICU patients on standard enteral 
formulas? Should a soluble fiber supplement be provided as 
adjunctive therapy in the critically ill patient who develops diar-
rhea and is receiving a standard non-fiber-containing enteral 
formula?
F1. Based on expert consensus, we suggest that a 
fermentable soluble fiber (e.g., fructo-oligossaccharides 
[FOSs], inulin) additive be considered for routine use in 
all hemodynamically stable medical and surgical ICU 
patients placed on a standard enteral formulation. We 
suggest that 10–20 grams of a fermentable soluble fiber 
supplement be given in divided doses over 24 hours as 
adjunctive therapy if there is evidence of diarrhea.

Rationale: Soluble fiber has influential effects on nutrient 
absorption, sterol metabolism, carbohydrate and fat metabo-
lism, gut motility, and stool characteristics. Prebiotic fibers also 
have an impact on the gut microbiota and the gut barrier func-
tion. FOSs are indigestible carbohydrates fermented in the colon 
into short-chain fatty acids (SCFAs). SCFAs (especially butyr-
ate) provide nutrition for the colonocyte, increase colonic blood 
flow, and stimulate pancreatic secretions (189–191). Prebiotics 
(e.g., FOS, inulin) stimulate the growth of Bifidobacteria and 
Lactobacillus, often referred to as the “healthy” bacteria. In an 
observational study of 63 ICU patients with systemic inflam-
matory response syndrome (SIRS), a stool analysis showed 
those with feeding intolerance (14 patients) had significantly 
lower amounts of anaerobes, including Bifidobacteria, and 
higher amounts of Staphylococus than those patients without 
feeding intolerance (49 patients) (p ≤ 0.05). Patients with feed-
ing intolerance were shown to have a higher rate of bacteremia 
(86% vs 18%, p < 0.05) and greater mortality (64% vs 20%, 

p < 0.05) (192). Thus, the routine use of a soluble fiber addi-
tive should be considered in all ICU patients as a prophylactic 
measure to help maintain commensal microbiota and promote 
bowel health. An appropriate dose would be 10–20 grams per 
day divided over 24 hours (193).

For the critically ill patient who develops diarrhea, use of 
a prebiotic soluble fiber supplement appears to show a more 
consistent benefit for reducing diarrhea than commercial 
mixed-fiber formulas. The major antidiarrheal mechanism for 
such a supplement comes from fermentation of the soluble 
fiber (such as pectin, FOS, inulin, and guar gum) and the pro-
duction of SCFAs. The trophic effect of SCFAs on the colono-
cyte stimulates the uptake of water and electrolytes (191). Use 
of a soluble fiber additive theoretically may pose lower risk of 
intestinal obstruction than use of a mixed-fiber formula.

Five small RCTs that met our inclusion criteria evaluated the 
use of a soluble fiber supplement added to standard enteral for-
mulations (153, 194–197). Of the four trials that included diar-
rhea as a study endpoint, three showed significant reductions 
in diarrhea in critically ill patients (153, 195, 196). No differ-
ences in duration of mechanical ventilation, ICU LOS, or MOF 
were reported (188, 195). An older prospective double-blind 
RCT in patients with severe sepsis and septic shock found that 
the mean frequency of diarrhea days was significantly lower 
in patients receiving a soluble fiber supplement than those on 
standard EN alone (195). The type of enteral formula did not 
influence sepsis-related mortality or ICU LOS (195).

Question: Is there a role for probiotic administration in 
critically ill patients? Is there any harm in delivering probiotics 
to critically ill patients?
F2. We suggest that, while the use of studied probiotics 
species and strains appear to be safe in general ICU 
patients, they should be used only for select medical 
and surgical patient populations for which RCTs have 
documented safety and outcome benefit. We cannot 
make a recommendation at this time for the routine use of 
probiotics across the general population of ICU patients.

[Quality of Evidence: Low]
Rationale: Probiotics are defined by the World Health 

Organization and the Food and Agriculture Organization 
as “viable microorganisms that, when ingested in adequate 
amounts, can be beneficial for health.” Multiple factors in 
the ICU induce rapid and persistent changes in the com-
mensal microbiota, including metabolic insult, gut ischemia/
reperfusion, administration of broad-spectrum antibiotics, 
prophylaxis for stress gastropathy, vasoactive pressor agents, 
alterations in motility, and suboptimal luminal nutrient 
delivery (198, 199). Probiotic agents have species-specific 
mechanisms of action, including competitive inhibition of 
pathogenic bacterial growth and epithelial attachment of inva-
sive pathogens, elimination of pathogenic toxins, enhance-
ment of intestinal epithelial barrier, and favorable modulation 
of the host inflammatory response (200–202). While probiotic 
supplementation is theoretically sound, there has not been a 
consistent outcome benefit demonstrated for the general ICU 
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patient population. There appears to be some beneficial effect 
of certain probiotic species (primarily Lactobacillus GG) in 
decreasing the incidence of overall infectious complications 
and VAP (203) depending on the patient population and pro-
biotic strain studied.

In patients undergoing a pylorus-preserving Whipple pro-
cedure, Rayes showed that use of a commercial Synbiotic-
Forte 2000 (Medifarm, Sweden) product (consisting of 1010 
CFU of each of Pediococcus pentoseceus, Leuconostoc mes-
enteroides, L paracasei subsp paracasei and L plantarum, as 
well as 2.5 g of inulin, oat bran, pectin and resistant starch), 
showed a significant reduction of infection when the probi-
otic preparation was begun one hour postoperatively imme-
diately below the anastomosis with the Roux limb, compared 
to controls receiving placebo (40.0% vs 12.5%, respectively,  
p < 0.05) (204).

Estimating the effect size is difficult due to heterogeneity of 
the ICU populations studied, the difference in bacterial strains, 
and the variability in dosing. In a Cochrane review, none of the 
probiotics studied had an effect on ICU mortality or incidence 
of diarrhea (205). Improvements in taxonomic classification 
and future research focusing on targeted probiotic supple-
mentation for the altered bacterial phyla should eventually 
lead to stronger recommendations for use in specific popula-
tions of critically ill patients. With regard to safety issues of 
probiotic provision to critically ill patients, cases of fungemia 
in ICU patients associated with the use of Saccaromyces bou-
lardii, as well as worsened clinical outcomes in severe pan-
creatitis patients have been reported (206, 207). Although no 
other infection or bacteremia due to probiotic strain has been 
reported, and no studies have described the occurrence of isch-
emic bowel disease, their routine use cannot be recommended 
at this time (208). Studied probiotics may be considered for 
use in selective patient populations (such as liver transplanta-
tion, trauma, pancreatectomy) (209–212) in which RCTs have 
documented safety and outcome benefits (prevention of VAP, 
pseudomembranous colitis and antibiotic-associated diar-
rhea) (203, 205, 213–215).

Question: Does the provision of antioxidants and trace 
minerals affect outcome in critically ill adult patients?
F3. We suggest that a combination of antioxidant 
vitamins and trace minerals in doses reported to 
be safe in critically ill patients be provided to those 
patients who require specialized nutrition therapy

[Quality of Evidence: Low]
Rationale: Antioxidant vitamins (including vitamins E 

and ascorbic acid) and trace minerals (including selenium, 
zinc, and copper) may improve patient outcome, especially 
in burns, trauma, and critical illness requiring mechanical 
ventilation (216, 217). The aggregated results of 15 trials that 
met our inclusion criteria (Figure 8) demonstrated that anti-
oxidant and trace element supplementation was associated 
with a significant reduction in overall mortality (RR = 0.8; 
CI 0.7–0.92; p = 0.001) (218–232). Infectious complications, 
ICU or hospital LOS, and duration of mechanical ventilation 

were not significantly different between patients placed on 
such antioxidant multivitamin/trace element supplements and 
controls receiving placebo. Most issues of administration, such 
as dosage, frequency, duration and route of therapy, have not 
been well standardized. Renal function should be considered 
when supplementing vitamins and trace elements.

Question: Should enteral glutamine be provided to any 
subsets of patients in the adult ICU setting?
F4. We suggest that supplemental enteral glutamine 
NOT be added to an EN regimen routinely in critically 
ill patients.

[Quality of Evidence: Moderate]
Rationale: The addition of enteral glutamine to an EN 

regimen (not already containing supplemental glutamine) was 
shown to reduce mortality in a small but high-quality study 
by Garrell in burn patients (233). Aggregating the data from 
5 RCTs that met our inclusion criteria (Figure 9) involving 
558 patients from burn, trauma, and mixed ICU populations 
showed no significant beneficial effect on mortality, infections, 
or hospital LOS (233–238). While enteral glutamine exerts a 
trophic effect in maintaining gut integrity, its failure to gener-
ate a sufficient systemic antioxidant effect may partially explain 
the lack of outcome benefit (239).

G. WHEN TO USE PN
Question: When should PN be initiated in the adult criti-

cally ill patient at low nutrition risk?
G1. We suggest that, in the patient at low nutrition 
risk (for example, NRS-2002 ≤ 3 or NUTRIC score ≤ 5), 
exclusive PN be withheld over the first 7 days following 
ICU admission if the patient cannot maintain volitional 
intake and if early EN is not feasible.

[Quality of Evidence: Very Low]
Rationale: The risk/benefit ratio for use of PN in the ICU 

setting is much narrower than that for use of EN. In a previ-
ously well-nourished patient, use of PN provides little ben-
efit over the first week of hospitalization in the ICU (240). 
Patients who have a diagnosis that makes them PN-dependent 
(e.g., short bowel) should continue their PN upon admis-
sion to the ICU unless bacteremia is suspected (241). Two 
trials have addressed the timing of initiation of exclusive 
PN therapy. In a subset of patients from the EPaNiC study 
for whom there was an absolute contraindication to the use 
of EN (such as bowel in discontinuity), Casaer showed that 
those patients for whom use of PN was started on ICU day 
3 had worse infectious morbidity and were less likely to be 
discharged alive than those patients for whom PN was started 
instead on day 8 (240). In a large RCT involving critically ill 
patients with a perceived contraindication to EN, use of PN 
within 24 hours of admission showed minimal benefit over 
STD where no nutrition therapy was provided (shorter dura-
tion of mechanical ventilation, WMD = –0.47 days; 95% CI, 
–0.82 to –0.11; p = 0.01), with no difference between groups 
with regard to infection, organ failure, total complications, or 
mortality (242). Because of the wide variation of nutrition 
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Figure 8. Antioxidants vs standard, outcome mortality.

Figure 9. Enteral nutrition (EN) glutamine (GLN) vs control by subgroups, mortality. ICU, intensive care unit; PRO, protein supplement; STD, standard 
therapy.
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risk in these populations, clinical judgment should be used to 
determine those less likely to benefit from PN.

An earlier meta-analysis by Braunschweig of patients 
ranging from pancreatitis, trauma, and inflammatory bowel 
to MOF, comparing use of PN with STD supports delay in 
PN in well-nourished patients (55). In hospitalized patients 
with the absence of preexisting malnutrition (when EN is not 
available), aggregating seven studies (243–249) showed that 
use of STD was associated with significantly reduced infec-
tious morbidity (RR = 0.77; 95% CI, 0.65–0.91; p < 0.05) and 
a trend toward reduced overall complications (RR = 0.87; 
95% CI, 0.74–1.03; p value not provided) compared to use of 
PN. In similar circumstances (critically ill, no EN available, 
and no evidence of malnutrition), Heyland aggregated four 
studies (246, 247, 250, 251) that showed a significant increase 
in mortality with use of PN (RR = 0.1.78; 95% CI, 1.11–2.85; 
p < 0.05) and a trend toward greater rate of complications 
(RR = 2.40; 95% CI, 0.88–6.58; p value not provided), when 
compared to STD (252).

With increased duration of severe illness, the risk for 
deterioration of nutrition status increases, and priorities 
between STD and PN become reversed. Little data exist to 
direct the timing of initiating PN in the ICU. Sandstrom 
first showed that, after the first 14 days of hospitalization 
had elapsed, continuing to provide no nutrition therapy was 
associated with significantly greater mortality (21% vs 2%, 
p < 0.05), and longer hospital LOS (36.3 days vs 23.4 days, 
p < 0.05), when compared respectively to use of PN (246). 
Although the literature cited recommends withholding PN 
for 10–14 days, the Guidelines Committee expressed concern 
that continuing to provide STD beyond 7 days would lead 
to deterioration of nutrition status and an adverse effect on 
clinical outcome.

Question: When should PN begin in the critically ill patient 
at high nutrition risk?
G2. Based on expert consensus, in the patient 
determined to be at high nutrition risk (for example, 
NRS-2002 ≥ 5 or NUTRIC score ≥ 6) or severely 
malnourished, when EN is not feasible, we suggest 
initiating exclusive PN as soon as possible following 
ICU admission.

Rationale: In the situation where EN is not available and 
evidence of high nutrition risk (see section A) is present, ini-
tial priorities are reversed and use of PN has a more favorable 
outcome than STD. In the Heyland meta-analysis, use of PN in 
malnourished ICU patients was associated with significantly 
fewer overall complications (RR = 0.52; 95% CI, 0.30–0.91;  
p < 0.05) than STD (252). In the Braunschweig meta-analysis, 
STD in malnourished ICU patients was associated with sig-
nificantly higher risk for mortality (RR = 3.0; 95% CI, 1.09–
8.56; p < 0.05) and a trend toward higher rate of infection  
(RR = 1.17; 95% CI, 0.88–1.56; p value not provided) com-
pared to use of PN (55). For these patients, when EN is not 
available, there should be little delay in initiating PN after 
admission to the ICU.

Question: What is the optimal timing for initiating supple-
mental PN when EN does not meet energy or protein goals in 
the patient at low or high nutrition risk?
G3. We recommend that, in patients at either low 
or high nutrition risk, use of supplemental PN be 
considered after 7 to 10 days if unable to meet > 60% 
of energy and protein requirements by the enteral 
route alone. Initiating supplemental PN prior to this 
7–10-day period in critically ill patients on some EN 
does not improve outcomes and may be detrimental 
to the patient.

[Quality of Evidence: Moderate]
Rationale: Early EN is directed toward maintaining gut 

integrity, reducing oxidative stress, and modulating systemic 
immunity. In patients already receiving some volume of EN, 
use of supplemental PN over the first 7–10 days may increase 
energy and protein provided (253). However, supplemental 
PN is a costly therapy with minimal benefits when provided 
early in the ICU stay (254). A large multicenter observational 
study found no additional outcome benefit when patients were 
provided early (< 48 hours) supplemental PN (255). In an RCT 
from two centers, supplemental PN added on day 3 after admis-
sion for patients getting < 60% of goal energy and protein by 
EN provided little outcome benefit compared to controls con-
tinuing to receive hypocaloric EN (only a lower incidence of 
other infections occurring after day 9 reached significance in 
study patients compared to controls) (257). In another mul-
ticenter RCT by Casaer, patients on hypocaloric EN who had 
late supplemental PN initiated on day 8 of ICU admission had 
a higher likelihood of being discharged alive from the ICU  
(HR = 1.06; 95% CI, 1.00–1.13; p = 0.04) compared to those for 
whom PN was initiated earlier on day 3 (240). Those patients 
randomized to late supplemental PN had a shorter LOS in the 
ICU (p = 0.02), fewer infections (22.8% vs 26.2%, p = 0.008), 
and a greater mean reduction of healthcare costs of about U.S. 
$1,600 (p = 0.04) in comparison to patients randomized to 
early PN (240).

The optimal time to initiate supplemental PN in a patient 
who continues to receive hypocaloric EN is not clear. At some 
point after the first week of hospitalization, if the provision 
of EN is insufficient to meet requirements, then the addition 
of supplemental PN should be considered, with the decision 
made on a case-by-case basis.

H. WHEN INDICATED, MAXIMIZE EFFICACY 
OF PN

Question: When PN is needed in the adult critically ill 
patient, what strategies can be adopted to improve efficacy?
H1. Based on expert consensus, we suggest the use 
of protocols and nutrition support teams to help 
incorporate strategies to maximize efficacy and 
reduce associated risk of PN.

Rationale: After an ICU patient has been deemed an appro-
priate candidate for PN, care should be taken to reduce inher-
ent risk from hyperglycemia, electrolyte imbalances, immune 
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suppression, increased oxidative stress, and potential infec-
tious morbidity (256–259). Management of PN should include 
attention to rate of advancement of feeding, glycemic control, 
electrolyte monitoring and repletion (evidence of refeeding), 
duration of PN and transition to EN as feasible. Attention 
to refeeding syndrome is especially important for the patient 
with risk factors (alcoholism, weight loss, low body mass index 
[BMI], prolonged periods NPO). Although refeeding syn-
drome can occur with EN, the risk is higher with initiation of 
PN. In those patients, advancement of feeding should be slower, 
taking 3 to 4 days to reach goal. Use of protocols and nutrition 
support teams have been shown to decrease PN-associated 
complications (260–262). Permissive underfeeding has also 
been shown to be a potential short-term approach to avoid 
some of these complications (see section H2) (263–266).

Question: In the appropriate candidate for PN (high risk or 
severely malnourished), should the dose be adjusted over the 
first week of hospitalization in the ICU?
H2. We suggest that hypocaloric PN dosing (≤ 20 
kcal/kg/day or 80% of estimated energy needs) 
with adequate protein (≥ 1.2 g protein/kg/day) be 
considered in appropriate patients (high risk or 
severely malnourished) requiring PN, initially over the 
first week of hospitalization in the ICU.

[Quality of Evidence: Low]
Rationale: Patients requiring PN in the ICU may benefit 

from a feeding strategy that is hypocaloric (≤ 20 kcal/kg/day 
or no more than 80% of estimated energy needs) but pro-
vides adequate protein (≥ 1.2 g protein/kg/day). This strategy 
may optimize the efficacy of PN in the early phases of critical 
illness by reducing the potential for hyperglycemia and insu-
lin resistance. In some subsets of patients, avoiding excessive 
energy intake may reduce infectious morbidity, duration of 
mechanical ventilation and hospital LOS (266). A previous 
meta-analysis of 5 studies involving patients with trauma, 
pancreatitis, or major abdominal/chest surgery showed sig-
nificantly reduced infection and hospital LOS with this strat-
egy (20 kcal/kg/day) compared to full energy goal (25 kcal/kg/
day) (267). A meta-analysis of 4 studies meeting our inclusion 
criteria did not demonstrate significant reduced mortality  
(RR = 0.61; CI, 0.20–1.85; p = 0.38) or infectious complications 
(RR = 0.68; CI, 0.30–1.57; p = 0.37) with hypocaloric PN (266, 
268–270). However, hypocaloric PN is associated with decreased 
hyperglycemia, 0% (0–0.5%) versus 33.1% (0–58.4%), p = 0.001 
(270). Once the patient stabilizes, PN energy may be increased 
to meet 100% of estimated energy requirements.

Question: Should soy-based IV fat emulsions (IVFE) be 
provided in the first week of ICU stay? Is there an advantage 
to using alternative IVFE (i.e., medium-chain triglycerides 
[MCT], olive oil [OO], FO, mixture of oils) over traditional 
soybean oil (SO)-based lipid emulsions in critically ill adult 
patients?
H3a. We suggest withholding or limiting SO-based 
IVFE during the first week following initiation of PN 

in the critically ill patient to a maximum of 100 g/week 
(often divided into 2 doses/week) if there is concern 
for essential fatty acid deficiency.

[Quality of Evidence: Very Low]

H3b Alternative IVFE may provide outcome benefit 
over soy-based IVFE; however, we cannot make a 
recommendation at this time due to lack of availability 
of these products in the U.S. When these alternative 
IVFEs (SMOF, MCT, OO and FO) become available 
in the United States, based on expert opinion, we 
suggest that their use be considered in the critically ill 
patient who is an appropriate candidate for PN.

Rationale: In the United States at the present time, the 
choice of IVFE for PN is limited to a soy-based 18-carbon 
omega-6 fatty acid preparation. RCTs have investigated the 
question of whether PN should be administered with or with-
out SO-based IVFE during the first week of hospitalization. 
The answer remains elusive. The task force reached only 64% 
agreement (nine for and five against) to “withhold or limit” 
SO-based IVFE to 100 g/week, as opposed to simply “with-
hold.” Trauma patients provided IVFE-free PN over the first 
10 days of hospitalization had a significant reduction in infec-
tious morbidity (pneumonia, p = 0.05; and catheter-related 
sepsis, p = 0.04) (Figure 10) (266, 268), decreased hospital 
and ICU LOS (p = 0.03 and p = 0.02), and shorter duration of 
mechanical ventilation (p = 0.01) compared to those receiving 
SO-based IVFE-containing PN (268). However, the IVFE-free 
PN formulation was hypocaloric (21 kcal/kg/day vs 28 kcal/
kg/day) as a result of leaving off the fat (268). A similar study 
comparing a hypocaloric, IVFE-free regimen (1000 total kcal/
day and 70 g of protein/day) versus an SO-based IVFE stan-
dard admixture (25 kcal/kg/day and 1.5 g protein/day) found 
no significant differences in infectious complications, hospi-
tal LOS, or mortality (266). This finding was confirmed by a 
large observational study that reviewed outcomes in patients 
who received PN for ≥ 5 days in multi-international ICUs. No 
statistically significant difference in clinical outcomes between 
IVFE-free PN and PN with SO-based IVFE were found (271).

While the recommendation to leave off fat the first week 
is based primarily on the Batistella study, it is important to 
note serious criticisms of that trial. The study was completed 
20 years ago, and the results have not been replicated (266, 
271, 272). The caloric goals were based on nonprotein calories 
(not total calories), such that the total calories delivered were 
greater than what was stated in the paper. Faster infusion rates 
of the lipid emulsions over 12 hours might lead to clogging 
of the RES system, reducing clearance and leading to hyper-
triglyceridemia (however, these levels were not measured). As 
such, this overfeeding may have contributed to the observed 
poor outcomes.

Alternative IVFEs derived from sources other than SO 
provide a component that may improve the risk/benefit 
ratio for PN. Manzanares conducted a systematic review 
of 12 RCTS involving 806 patients evaluating the clinical 
outcomes of SO lipid-IVFE alone or combined with MCTs, 
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OO, and FO (273). No significant difference in outcome 
benefits was demonstrated (273). The Palmer meta-analysis 
of 8 RCTs involving 391 patients compared the effects of 
omega-3 FO-based PN with either SO-based or SO+MCT-
based IVFE (274). Results showed a significant reduction in 
hospital LOS by nearly 10 days (WMD = 9.49; 95% CI, –16.5 
to 2.5; p = 0.008) from use of the FO-based regimen versus 
the other fat sources, but no differences were seen between 
groups with regard to ICU LOS, infectious complications, 
and mortality (274).

The strongest signal of benefit from use of FO-based 
IVFE is seen in observational studies. Data collected from 
an International Nutrition Survey showed a significantly 
shorter ICU LOS (HR = 1.84; 95% CI, 1.01–3.34; p = 0.05), 
a trend toward reduced duration of mechanical ventilation  
(HR = 1.67; 95% CI, 1.00–2.81; p = 0.051), and a significantly 
greater likelihood of being discharged alive from the ICU (HR 
= 2.40; 95% CI, 1.43–4.03, p = 0.001) with the FO-based prod-
uct when compared to an SO-based IVFE (275).

Few studies have specifically compared OO-based IVFE 
(omega-9 fatty acids as oleic acid) with SO-based IVFE 
in critically ill patients. A subgroup analysis within the 
Manzanares meta-analysis found a significant reduction in 
the duration of mechanical ventilation (WMD = –6.47; 95% 
CI, –11.41 to –1.53; p = 0.01) in favor of the OO-based IVFE, 
although there were no differences for mortality or ICU LOS 
(273). Observational data from the International Nutrition 
Survey showed that use of an OO-based IVFE compared 
to an SO-based product was associated with a significant 
reduction in duration of mechanical ventilation (HR = 1.43; 
95% CI, 1.06–1.93; p = 0.02), and patients were more likely 
to be discharged alive from the ICU (HR = 1.76; 95% CI, 
1.30–2.39; p < 0.001) (275). Contrasting results were found 
by Umpierrez in a double-blind RCT that showed no out-
come benefits from use of OO-based IVFE compared to an 
SO-based product in adult medical/surgical ICU patients 
requiring PN (276). Substitution of an alternative IVFE for 
PN, particularly an OO-based preparation, may improve 
outcomes when compared to the more standard SO-based 
product; however, the committee cannot make a recommen-
dation at this time regarding substituting alternative IVFE 
sources for SO due to lack of availability on the market of 
these products in the United States, despite approval by the 
FDA in October 2013.

Question: Is there an advantage to using standardized com-
mercially available PN (premixed PN) versus compounded PN 
admixtures?
H4. Based on expert consensus, use of standardized 
commercially available PN versus compounded PN 
admixtures in the ICU patient has no advantage in 
terms of clinical outcomes.

Rationale: Standardized commercially available PN is a 
manufactured, sterile PN bag available in both central and 
peripheral line formulations, with and without electrolytes. 
The standardized commercially available PN products are 
regulated by the FDA, follow good manufacturing practices, 
and are compliant with U.S. Pharmacopeia General Chapter 
797. Such a product may offer the advantage of improved 
safety over compounded PN admixtures; however, because of 
the limited standardized commercially available PN products, 
customization to the patient’s specific macro- and micronu-
trient requirements and clinical parameters is difficult. This 
is especially true in critically ill patients who may have addi-
tional complications, including renal/hepatic dysfunction, 
fluid restrictions, and electrolyte imbalances. Additionally, 
the products have been criticized for the high dextrose con-
tent that may result in hyperglycemia and infection. Data on 
the use of standardized commercially available PN products in 
ICU patients are limited, and most of the research is retrospec-
tive or observational. Only one international multicenter RCT 
study has been completed (277). A standardized commercially 
available PN of MCT/long-chain triglyceride fat emulsions 
and OO fat emulsions were used, which is not currently avail-
able in the United States, making it difficult to extrapolate the 
findings. The authors reported a significant decrease in blood-
stream infections but found no differences in 28-day mortality, 
ICU and hospital LOSs, organ failure, and hypo-/hyperglyce-
mic events in ICU patients receiving the standardized com-
mercially available PN products compared to those placed on 
compounded PN admixtures (277). No information on admix-
ture compounding standards used by the multicenters was 
included. The A.S.P.E.N. Clinical Guidelines Recommendation 
for PN Ordering, Order Review, Compounding, Labeling, and 
Dispensing recommended standardized commercially avail-
able PN products be considered as an available option for 
patients alongside compounded (customized or standardized) 
PN formulations to best meet an organization’s patient needs 
(278). The use of standardized commercially available PN may 

Figure 10. With or without soybean-based lipid emulsion, infectious complications.
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be considered in ICU patients when the formulation meets the 
metabolic needs of the patient.

Question: What is the desired target blood glucose range in 
adult ICU patients?
H5. We recommend a target blood glucose range 
of 140– or 150–180 mg/dL for the general ICU 
population; ranges for specific patient populations 
(post-cardiovascular surgery, head trauma) may differ 
and are beyond the scope of this guideline.

[Quality of Evidence: Moderate]
Rationale: Hyperglycemia is a common response to acute 

illness and severe sepsis and may lead to poor outcomes. There 
continues to be controversy regarding the lower point of the 
range, with SCCM recommending 150–180 mg/dL (279), while 
A.S.P.E.N. recommends 140–180 mg/dL. In 2001, a landmark 
trial showed that tight glucose control (TGC) (80–110 mg/dL)  
with intensive insulin therapy (IIT) was associated with 
reduced sepsis, reduced ICU LOS, and lower hospital mortal-
ity compared to conventional insulin therapy (keeping blood 
glucose levels < 200 mg/dL) (280). The effect was more pro-
nounced in SICU than MICU patients (280, 281). However, 
study results were controversial because it was a single-center 
unblinded trial with high mortality in both arms, and patients 
received 200–300 grams of IV dextrose in the early postop-
erative regimen (280). The Efficacy of Volume Substitution 
and Insulin Therapy in Severe Sepsis (VISEP) trial (282) 
of 535 patients conducted in 18 ICUs in Germany and the 
Corticosteroid Treatment and Intensive Insulin Therapy for 
Septic Shock (COIITSS) (283) trial of 509 patients conducted 
in 11 ICUs in France studied the effect of TGC in combination 
with another therapy compared to moderate glucose con-
trol (MGC) in a range of 140–180 mg/dL in a 2 × 2 factorial 
design. The VISEP trial was stopped early due to the poten-
tially harmful increased incidence of severe hypoglycemia 
and the fact that no mortality benefit could be demonstrated. 
In the COIITSS study, the TGC group was shown to have a 
higher prevalence of hypoglycemia and a trend toward higher 
mortality compared to the MGC group. The largest trial, the 
Normoglycemia in Intensive Care Evaluation and Survival 
Using Glucose Algorithm Regulation (NICE SUGAR) study, 
randomly assigned 6104 patients in 42 hospitals who were 
primarily fed via the enteral route to a blood glucose target of 
approximately 80–100 mg/dL (TGC) or < 180 mg/dL (MGC). 
Patients in the TGC group had an increased risk of death at  
90 days (27.5% vs 24.9%, p = 0.02) (284). There was concern 
that severe hypoglycemia in this study might exacerbate defi-
cits in the injured brain. A review of three RCTs (285–287) 
representing 773 patients found that, although TGC led to 
a higher incidence of hypoglycemia compared to more con-
ventional MGC, TGC lowered infection rates with no effect 
on mortality.

For specific patient populations (e.g., post-cardiovascu-
lar surgery, head trauma, etc.), we defer to SCCM published 
guidelines on glycemic control (279).

Question: Should parenteral glutamine be used in the adult 
ICU patient?
H6. We recommend that parenteral glutamine 
supplementation NOT be used routinely in the critical 
care setting.

[Quality of Evidence: Moderate]
Rationale: Several recent trials and meta-analyses have 

brought into question the safety and efficacy of parenteral glu-
tamine administration in critically ill patients. In the REDOX 
trial, a large RCT with 2 × 2 factorial design involving 1223 
critically ill adults in 40 ICUs around the world, patients 
were randomized to one of four groups: placebo, glutamine 
(enteral and parenteral), antioxidants (IV selenium with oral 
selenium, zinc, beta-carotene, vitamin E, and ascorbic acid), 
and a combination of glutamine with antioxidants (288). 
Mortality, in-hospital and at 6 months, was significantly higher 
in those patients who received glutamine compared with those 
who did not (37.2% vs 31%, p = 0.02 and 43.7% vs 37.2%,  
p = 0.02, respectively) (288). The greatest concern for a poten-
tial adverse effect from glutamine was seen in those patients 
who received a higher dose > 0.5/g/kg/day in the early stages 
of critical illness with MOF or ongoing shock requiring vaso-
pressor support. Another large study of parenteral glutamine 
use in ICU patients, the SIGNET trial, failed to demonstrate 
an outcome benefit in terms of infectious complications and 
mortality (289).

Better short-term survival with glutamine supplementation 
is associated with single-center clinical trials and those trials 
published before 2003 (290). In contrast, mortality is no differ-
ent or may be increased in multicenter trials or those published 
after 2003. A meta-analysis of five multicenter trials involv-
ing 2463 patients showed a significantly greater mortality in 
those patients receiving glutamine than in those randomized 
to placebo (35% versus 31%, respectively, p = 0.015). This 
contrasts sharply from a meta-analysis of single-center trials 
involving 1645 patients in which a significant decrease in mor-
tality was observed in patients receiving glutamine compared 
with controls (20% versus 23%, respectively, p = 0.019) (291). 
Others have proposed that the amino acid imbalance created 
by supplemental glutamine (providing 60% of total exogenous 
protein intake) coupled with the severity of illness (e.g., MOF, 
shock) account for the increased mortality (292). Also, more 
recent trials that measured baseline glutamine levels failed to 
show a glutamine deficiency at the time of initiating supple-
mental therapy (293).

Question: In transition feeding, as an increasing volume of 
EN is tolerated by a patient already receiving PN, at what point 
should the PN be terminated?
H7. Based on expert consensus, we suggest that, 
as tolerance to EN improves, the amount of PN 
energy should be reduced and finally discontinued 
when the patient is receiving > 60% of target energy 
requirements from EN.

Rationale: Because of the marked benefits of EN, for the 
critically ill patient stabilized on PN, repeated efforts should 
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be made to transition the patient to enteral therapy. To avoid 
the complications associated with overfeeding, the amount of 
energy delivered by the parenteral route should be reduced 
appropriately to compensate for the increase in the energy 
being delivered enterally. Once the provision of EN exceeds 
60% of target energy requirements and continues to be 
advanced toward goal, PN may be discontinued (253).

I. PULMONARY FAILURE
Question: What is the optimal carbohydrate-to-fat ratio for 

the adult ICU patient with pulmonary failure?
I1. We suggest that specialty high-fat/low-carbo-
hydrate formulations designed to manipulate the 
respiratory quotient and reduce CO2 production NOT 
be used in ICU patients with acute respiratory failure 
(not to be confused with recommendation E3).

[Quality of Evidence: Very Low]
Rationale: An early, very small trial (20 patients) (294) 

showed that use of a high-fat/low-carbohydrate enteral 
formulation in patients with respiratory failure reduced 
duration of mechanical ventilation, compared to a standard 
formulation. However, these findings could not be repro-
duced in a subsequent larger RCT (50 patients) of similar 
type (295). Results from uncontrolled studies would sug-
gest that increasing the composite macronutrient ratio of 
fat to carbohydrate becomes clinically significant in lower-
ing CO

2
 production only in the ICU patient who is being 

overfed. Macronutrient composition is much less likely to 
affect CO

2
 production when the design of the nutrition 

support regimen approximates energy requirements (296). 
Effort should be made to avoid total energy provision that 
exceeds energy requirements, as CO

2
 production increases 

significantly with lipogenesis and may be tolerated poorly 
in the patient prone to CO

2
 retention (294, 296, 297). Rapid 

infusion of IVFE (especially SO-based), regardless of the 
total amount, should be avoided in patients with severe pul-
monary failure.

Question: Does use of energy-dense EN formulas to restrict 
fluid administration benefit the adult ICU patient with acute 
respiratory failure?
I2. Based on expert consensus, we suggest that 
fluid-restricted energy-dense EN formulations be 
considered for patients with acute respiratory failure 
(especially if in a state of volume overload).

Rationale: Fluid accumulation, pulmonary edema, and 
renal failure are common in patients with acute respiratory 
failure, and have been associated with poor clinical outcomes. 
It is therefore suggested that a fluid-restricted energy-dense 
nutrient formulation (1.5–2 kcal/mL) be considered for 
patients with acute respiratory failure that necessitate volume 
restriction (297).

Question: Should serum phosphate concentrations be 
monitored when EN or PN is initiated in the ICU patient with 
respiratory failure?

I3. Based on expert consensus, we suggest that serum 
phosphate concentrations should be monitored 
closely, and phosphate replaced appropriately when 
needed.

Rationale: The incidence of moderate or severe hypo-
phosphatemia (defined as serum phosphorus concentrations 
≤ 2.2 mg/dL and < 1.5 g/dL, respectively) is nearly 30% in 
the ICU (298–300). Phosphate is essential for the synthesis 
of adenosine triphosphate (ATP) and 2,3-diphosphoglycer-
ate (2,3-DPG), both of which are critical for normal dia-
phragmatic contractility and optimal pulmonary function. 
Hypophosphatemia is a frequently encountered problem in 
critical illness, and may represent an occult cause of respira-
tory muscle weakness and failure to wean from the ventilator 
(301). In a cohort study of 66 MICU patients in whom 193 
weaning trials were undertaken, weaning was improved in 
patients with a serum phosphorus of 1.18 ± 0.27 mmol/L vs 
1.06 ± 0.31 mmol/L, p = 0.008. Those patients with a level < 
0.80 mmol/L had a greater risk for weaning failure than those 
with values within the laboratory’s normal limits (RR = 1.18; 
95% CI, 1.06–1.32, p = 0.01) (302). As suggested by several 
uncontrolled studies, it is prudent to monitor serum phos-
phate concentrations closely (despite the fact that serum lev-
els may not accurately reflect the total body phosphate pool) 
and replete moderate to severe hypophosphatemia, accord-
ing to hospital-specific protocols when needed to optimize 
respiratory function in ventilated patients (303–305).

J. RENAL FAILURE
Question: In adult critically ill patients with acute kidney 

injury (AKI), what are the indications for use of specialty 
enteral formulations? What are appropriate energy and protein 
recommendations to reduce morbidity in AKI?
J1. Based on expert consensus, we suggest that 
ICU patients with acute renal failure (ARF) or AKI 
be placed on a standard enteral formulation, and 
standard ICU recommendations for protein (1.2–
2 g/kg actual body weight per day) and energy 
(25–30 kcal/kg/day) provision should be followed. 
If significant electrolyte abnormalities develop, a 
specialty formulation designed for renal failure (with 
appropriate electrolyte profile) may be considered.

Rationale: AKI seldom exists as an isolated organ failure in 
critically ill patients. When prescribing EN to the ICU patient, 
the underlying disease process, preexisting comorbidities, and 
current complications should be taken into account. In the 
absence of IC, no one predictive equation is better than another 
in AKI. Experts agree on using usual body weight for normal 
weight patients and IBW for obese and critically ill patients. 
Energy needs can be determined by IC, published predictive 
equations, or a simplistic weight-based equation (25–30 kcal/
kg/day) (306–310). Specialty formulations lower in certain 
electrolytes (i.e., phosphate and potassium) than standard 
products may be beneficial in ICU patient with AKI (306, 308).

CCMV44N2_Text.indb   412 1/6/2016   7:53:43 PM



Special Article

Critical Care Medicine www.ccmjournal.org 413

Question: In adult critically ill patients with AKI receiving 
hemodialysis or CRRT, what are appropriate targets for protein 
intake to support increased nitrogen losses?
J2. We recommend that patients receiving hemodialysis 
or CRRT receive increased protein, up to a maximum 
of 2.5 g/kg/day. Protein should NOT be restricted in 
patients with renal insufficiency as a means to avoid 
or delay initiating dialysis therapy.

[Quality of Evidence: Very Low]
Rationale: A significant amino acid loss (10–15g/day) 

is associated with CRRT (310). Lean body mass catabolism 
inferred from protein catabolic rate values is 1.4–1.8 g/kg per 
day in patients with AKI on CRRT (306, 310). Thus, patients 
on this therapy may require at least an additional 0.2 g/kg/day 
(311) totaling up to 2.5 g/kg/day (94, 312). No major advan-
tages have been demonstrated with very high protein intakes  
(> 2.5 g/kg/day), as excessively high nitrogen intakes may simply 
increase the rate of urea production (94, 313) At least one RCT 
has suggested an intake of 2.5 g/kg/day is necessary to achieve 
positive nitrogen balance in this patient population (94).

K. HEPATIC FAILURE
Question: Should energy and protein requirements be 

determined similarly in critically ill patients with hepatic fail-
ure as in those without hepatic failure?
K1. Based on expert consensus, we suggest a dry 
weight or usual weight be used instead of actual 
weight in predictive equations to determine energy 
and protein in patients with cirrhosis and hepatic 
failure, due to complications of ascites, intravascular 
volume depletion, edema, portal hypertension, and 
hypoalbuminemia. We suggest nutrition regimens 
avoid restricting protein in patients with liver failure, 
using the same recommendations as for other 
critically ill patients (see section C4).

Rationale: Heightened nutrition risk and deterioration of 
nutrition status is highly prevalent among patients with chronic 
liver disease and is nearly universal among patients awaiting 
liver transplantation. The degree of nutrition risk is directly 
correlated with the severity of liver dysfunction. The portal 
hypertension and impaired protein synthesis associated with 
liver failure contribute to ascites and edema, rendering weight-
based tools of nutrition assessment inaccurate and unreliable. 
Usual or dry weights are often difficult to determine due to the 
chronicity of the disease. The primary etiology of malnutrition 
in hepatic disease is poor oral intake from multiple factors, 
including alterations in taste, early satiety, autonomic dysfunc-
tion with resultant gastroparesis, slow small bowel motility and 
slow orocecal transit. Malnutrition in patients with cirrhosis 
contributes to increased morbidity and mortality (314). Those 
patients who are severely malnourished before transplant sur-
gery have a higher rate of complications and a decreased over-
all survival rate after liver transplantation (315–318). Energy 
needs in critically ill patients with liver disease are highly vari-
able, difficult to predict by simple equations, and consequently 
best determined by IC (319). Historically, protein restriction 

was used to help reduce risk from hepatic encephalopathy, 
but such strategy may worsen nutrition status, decrease lean 
muscle mass, and ironically lead to less ammonia removal. 
Therefore, protein should not be restricted as a management 
strategy aimed at reducing hepatic encephalopathy, since the 
reverse may occur as a result (319, 320). Protein requirements 
for the patient with hepatic failure should be determined in 
the same manner as for the general ICU patient with the caveat 
that dry weight may need to be used for calculations (see  
recommendation C4).

Question: What is the appropriate route of nutrition deliv-
ery in patients with hepatic failure?
K2. Based on expert consensus, we suggest that 
EN be used preferentially when providing nutrition 
therapy in ICU patients with acute and/or chronic liver 
disease.

Rationale: Long-term PN can be associated with hepatic 
complications, including worsening of existing cirrhosis 
and liver failure with the concomitant risks of sepsis, coagu-
lopathy and death (321). PN-associated liver disease usually 
occurs with prolonged use of PN; however, it can also be a 
significant problem in the acute ICU setting. EN improves 
nutrition status, reduces complications, and prolongs sur-
vival in liver disease patients, and is therefore suggested as 
the optimal route of nutrient delivery. In clinical trials, EN 
has been associated with decreased infection rates and fewer 
metabolic complications in liver disease and after liver trans-
plant when compared to PN or STD (no specialized nutri-
tion therapy) (322–324).

Encephalopathy occurs in patients with liver dysfunction 
due to complex multifactorial processes involving products of 
protein metabolism, and is worsened by inflammation, infec-
tion, and oxidative stress.

Question: Is a disease-specific enteral formulation needed 
for critically ill patients with liver disease?
K3. Based on expert consensus, we suggest that 
standard enteral formulations be used in ICU patients 
with acute and chronic liver disease. There is no 
evidence of further benefit of branched-chain amino 
acid formulations (BCAA) on coma grade in the ICU 
patient with encephalopathy who is already receiving 
first-line therapy with luminal-acting antibiotics and 
lactulose.

Rationale: There is no evidence to suggest that a formula-
tion enriched in BCAA improves patient outcomes compared 
to standard whole-protein formulations in critically ill patients 
with liver disease. The rationale for use of BCAAs in the treat-
ment of hepatic encephalopathy in liver failure is based on their 
reduced concentrations in liver failure, competing for bind-
ing sites in the central nervous system with aromatic amino 
acids, and their stimulatory effect on ammonia detoxification 
to glutamine. Findings from randomized outpatient trials sug-
gest that long-term (12 and 24 months) nutrition supplemen-
tation with oral BCAA granules may be useful in slowing the 
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progression of hepatic disease and/or failure and prolonging 
event-free survival (325–327). In patients with hepatic enceph-
alopathy already receiving first-line therapy (antibiotics and 
lactulose), there is no evidence to date that adding BCAA will 
further improve mental status or coma grade (325, 326).

L. ACUTE PANCREATITIS
Question: Does disease severity in acute pancreatitis influ-

ence decisions to provide specialized nutrition therapy?
L1a. Based on expert consensus, we suggest that 
the initial nutrition assessment in acute pancreatitis 
evaluate disease severity to direct nutrition therapy. 
Since disease severity may change quickly, we suggest 
frequent reassessment of feeding tolerance and need 
for specialized nutrition therapy.

Rationale: Mild pancreatitis is defined by the absence 
of organ failure and local complications. Moderately severe 
acute pancreatitis is defined by transient organ failure lasting  
< 48 hours, and local complications. Organ failure is defined 
by shock (systolic blood pressure < 90 mm Hg), pulmonary 
insufficiency (Pao

2
/Fio

2
 ≤ 300), or renal failure (serum cre-

atinine ≥ 1.9 mg/dL) (328–331). Local complications on CT 
scan include pseudocyst, abscess, or necrosis. Severe acute 
pancreatitis is defined by persistent organ failure lasting  
> 48 hours from admission (332). Previous scoring systems 
also used the presence of unfavorable prognostic signs (Acute 
Physiology and Chronic Health Assessment [APACHE] II 
score ≥ 8, Ranson Criteria > 3, and CRP level > 150 mg/L) to 
identify patients with moderately severe to severe acute pan-
creatitis (328, 330).

Differentiating patients with moderately severe to severe 
acute pancreatitis from those with mild disease severity helps 
identify those patients who need admission to the ICU, receipt of 
adequate hydration, treatment for early organ failure, and pro-
vision of nutrition therapy (332). The positive predictive value 
of a patient with high scores, presence of SIRS, or necrosis on 
CT scan going on to have severe disease is less than 50% (332). 
Patients thought to have mild acute pancreatitis on admission 
can progress quickly to severe disease in some circumstances. 
The difficulty in determining where patients start and how they 
progress across this spectrum of disease activity helps explain 
why some patients with mild disease on admission may deterio-
rate and show significant intolerance to EN, while others with 
severe disease may advance to oral diet within a few days.

Question: Do patients with mild acute pancreatitis need 
specialized nutrition therapy?
L1b. We suggest NOT providing specialized nutrition 
therapy to patients with mild acute pancreatitis, 
instead advancing to an oral diet as tolerated. If an 
unexpected complication develops or there is failure 
to advance to oral diet within 7 days, then specialized 
nutrition therapy should be considered.

[Quality of Evidence: Very Low]
Rationale: Patients with mild acute pancreatitis have a 

much lower rate of complications (6%) than patients with 

more severe disease, have close to a 0% mortality rate, and 
have an 81% chance of advancing to oral diet within 7 days 
(247, 333, 334). Providing specialized nutrition therapy to 
these patients does not appear to change outcome. These 
patients may be advanced to a regular diet when the patient 
wishes, which has been shown to be more beneficial than 
a clear liquid diet alone in terms of hospital LOS (WMD = 
–2.62; 95% CI, –3.38 to –1.86, p < 0.00001) (Figure 11) 
(335, 336). A protocol of routine parameters (absence of 
pain, nausea, vomiting, and normalization of pancreatic 
enzymes) is not required, nor is advancing first to clear 
liquids (335–337).

Question: Which patients require specialized nutrition 
therapy early after admission for acute pancreatitis?
L1c. We suggest that patients with moderate to severe 
acute pancreatitis should have a naso-/oroenteric 
tube placed and EN started at a trophic rate and 
advanced to goal as fluid volume resuscitation is 
completed (within 24–48 hours of admission)

[Quality of Evidence: Very Low]
Rationale: The improved outcome in moderate to severe 

acute pancreatitis with early EN is based primarily on studies 
comparing EN with PN, and PN in such cases may be a nega-
tive control. Limited support comes from studies showing ben-
efit (trend toward reduced mortality) from early EN compared 
to STD (338–340), and improved outcomes from early EN 
(reduced infection, organ failure, ICU LOS, and SIRS) versus 
delayed EN (341, 342). What is not known is what percentage 
of patients with moderate to severe acute pancreatitis would 
tolerate advancing to oral diet (similar to the data on patients 
with mild disease) within 3 to 4 days from the time of admis-
sion, and thus not need specialized nutrition therapy. Failure 
to initiate EN therapy for > 72–96 hours following admission 
in a patient with moderate to severe acute pancreatitis runs the 
risk of rapid deterioration of nutrition status and its inherent 
complications.

Question: Which is the most appropriate formula to use 
when initiating early EN in the patient with moderate to severe 
acute pancreatitis?
L2. We suggest using a standard polymeric formula to 
initiate EN in the patient with severe acute pancreatitis. 
Although promising, the data are currently insufficient 
to recommend placing a patient with severe acute 
pancreatitis on an immune-enhancing formulation at 
this time.

[Quality of Evidence: Very Low]
Rationale: A standard polymeric formula is appropriate 

for initiating early EN for patients with moderate to severe 
acute pancreatitis. While results from three small RCTs com-
paring an immune-modulating formula (two with arginine 
and FO, one with FO alone) to a standard enteral formula 
suggest that such an immunonutrition formula may be 
shown to provide additional outcome benefits in the future, 
numbers are insufficient to make a recommendation at this 
time (176, 343, 344).
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Question: Should patients with severe acute pancreatitis 
receive EN or PN?
L3a. We suggest the use of EN over PN in patients 
with severe acute pancreatitis who require nutrition 
therapy.

[Quality of Evidence: Low]
Rationale: Use of PN in moderate to severe acute pan-

creatitis as initial nutrition therapy should be avoided. Use 
of EN is preferred to PN because of a better risk/benefit 
ratio with EN compared to PN. Three previous meta- 
analyses of ten randomized trials (47, 53, 61, 345–350) 
showed that use of EN compared to PN reduced infectious 
morbidity (RR = 0.46; 95% CI, 0.29–0.74; p = 0.001) (338), 
hospital LOS (WMD = –3.94; 95% CI, –5.86 to –2.02;  
p < 0.0001) (338), reduced need for surgical interven-
tion (RR = 0.48; 95% CI, 0.23–0.99; p = 0.05) (351), MOF  
(OR = 0.306; 95% CI, 0.128–0.736; p = 0.008), and mortal-
ity (OR = 0.251; 95% CI, 0.095–0.666; p = 0.005) (352). In 
studies that met our inclusion criteria, 9 showed reduced 
mortality (RR = 2.17; CI, 1.13–4.17; p = 0.02) (47, 53, 61, 
345, 347–350, 353), and 7 reduced infectious complications 
(RR = 2.45; 95% CI, 1.61–3.74; p < 0.0001) (47, 53, 345, 
346, 348, 350, 353) in patients receiving EN as opposed to 
PN (Figures 12 and 13).

Question: Should patients with severe acute pancreatitis be 
fed into the stomach or small bowel?
L3b. We suggest that EN be provided to the patient 
with severe acute pancreatitis by either the gastric or 
jejunal route, as there is no difference in tolerance 
or clinical outcomes between these two levels of 
infusion.

[Quality of Evidence: Low]
Rationale: Three RCTs comparing gastric with jejunal 

feeding in severe acute pancreatitis showed no significant 
differences between the two levels of EN infusion within 
the GI tract with regard to tolerance or clinical outcome 
(354–356). A meta-analysis by Chang showed that there 
was no difference between the levels of infusion with 
regard to pain sensation, diarrhea, or energy balance 
(energy provision) (357).

Question: In the presence of intolerance, what strategies 
can be used to enhance tolerance to EN in patients with severe 
acute pancreatitis?
L4. Based on expert consensus, we suggest that, in 
patients with moderate to severe acute pancreatitis 
who have intolerance to EN, measures should be 
taken to improve tolerance.

Rationale: Measures to improve tolerance to EN in patients 
with moderate to severe acute pancreatitis include minimizing 
the period of ileus by starting EN as soon as possible within 
the first 48 hours of admission to the ICU (358), diverting the 
level of infusion of EN more distally in the GI tract (353, 359), 
changing from a standard polymeric formula to one that con-
tains small peptides and MCTs or to one that is a nearly fat-free 
elemental formulation (360, 361), and switching from bolus to 
continuous infusion (362, 363).

Question: Should patients with severe acute pancreatitis 
receive probiotics?
L5. We suggest that the use of probiotics be considered 
in patients with severe acute pancreatitis who are 
receiving early EN.

[Quality of Evidence: Low]
Rationale: Early experience with two small RCTs from 

Europe by Olah showed a benefit of probiotic therapy using 
one to four strains of Lactobacillus for patients with severe 
acute pancreatitis (364, 365). However, a large multicenter 
Dutch trial by Besselink (206) involving 296 patients showed 
increased mortality (16 vs 6%, p < 0.05), MOF (22 vs 10%, p < 
0.05), and need for surgical intervention (18 vs 10%, p < 0.05) in 
patients randomized to aggressive prebiotic and probiotic (six 
strains of Lactobacillus and Bifidobacter at > 1010 cfu/L) therapy 
delivered directly into the jejunum, compared to controls given 
prebiotic therapy only. In both Europe and the United States, 
probiotics are designated as GRAS (Generally Recognized As 
Safe) under sections 201(s) and 409 of the Federal Food, Drug, 
and Cosmetic Act. No other RCT in pancreatitis or critical care 
has shown such a deleterious effect from the use of probiotics 
in an ICU setting as was seen in this trial.

A 2010 meta-analysis of 507 patients by Zhang, which 
included the Besselink multicenter trial as well as four other 

Figure 11. Soft/low fat diet vs clear liquid diet in mild acute pancreatitis, hospital length of stay.
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smaller RCTs, showed a reduction in infection (30.7% vs 43.0%, 
p = 0.05) and hospital LOS (–3.87 days; 95% CI, –6.20 to –1.54; 
p < 0.001) with use of probiotics compared to controls receiv-
ing only placebo (366). A larger RCT in 2013 by Wang involving 
183 patients and two probiotic organisms (Bacillus subtilus and 
Enterococcus faecium) showed significant reductions in pan-
creatic sepsis (12.9% vs 21.3%, p < 0.05) and multiple organ 
dysfunction (11.3% vs 24.6%, p < 0.05), with no change in 
mortality in patients placed on EN with probiotic organisms 
compared to controls receiving EN alone, respectively (344).

A variety of probiotic organisms were used in these trials. In 
the absence of a commercial product, a recommendation for a 
specific dose and type of organism cannot be made at this time.

Question: When is it appropriate to use PN in patients with 
severe acute pancreatitis?
L6. Based on expert consensus, we suggest that, for 
the patient with severe acute pancreatitis, when EN 
is not feasible, use of PN should be considered after 
one week from the onset of the pancreatitis episode.

Rationale: For patients with severe acute pancreatitis, 
when EN is not feasible, timing of initiation of PN (and the 

choice between PN and STD) becomes an important issue. 
In an early randomized trial, Sax showed net harm from use 
of PN initiated within 24 hours of admission for patients 
with mild to moderate acute pancreatitis, with significantly 
longer hospital LOS than those patients randomized to STD 
(no nutrition therapy) (247). In contrast, a later study by 
Xian-Li in severe pancreatitis where PN was initiated 24–48 
hours after “full liquid resuscitation,” significant reductions 
in overall complications, hospital LOS, and mortality were 
seen when compared to STD (367). The design of this latter 
study may have led to a differential delay of several days in the 
initiation of PN, possibly after the peak of the inflammatory 
response (338).

M. SURGICAL SUBSETS

TRAUMA
Question: Does the nutrition therapy approach for the 

trauma patient differ from that for other critically ill patients?
M1a. We suggest that, similar to other critically ill 
patients, early enteral feeding with a high protein 
polymeric diet be initiated in the immediate  

Figure 12. Parenteral nutrition (PN) vs enteral nutrition (EN) in severe acute pancreatitis, mortality.

Figure 13. Parenteral nutrition (PN) vs enteral nutrition (EN) in severe acute pancreatitis, infections.
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post-trauma period (within 24 to 48 hours of injury) 
once the patient is hemodynamically stable.

[Quality of Evidence: Very Low]
Rationale: Nutrition assessment with calculation of pro-

tein/energy requirements and determination of the route and 
timing of nutrition therapy for the trauma patient is similar 
to that for any critically ill patient in an ICU setting (see sec-
tions A and B). The metabolic response to trauma is associated 
with dramatic changes in metabolism, with utilization of lean 
body tissue to serve as gluconeogenic substrates and to support 
immune and repair functions (368). The hormonal milieu fol-
lowing trauma overrides the normal response to starvation 
where lean body mass is preserved, and instead promotes pro-
gressive loss of skeletal muscle (25). The physical unloading of 
muscle with inactivity, bed rest, and immobility is associated 
with decreasing muscle protein synthesis, mediated by mul-
tiple mechanisms, including calcium-dependent proteolysis, 
ATP-dependent proteolysis, lysosomal proteolysis, and free 
radical oxidative activation (369). These physiologic processes 
lead to deterioration of lean body mass in trauma and are com-
pounded by the difficulty in providing nutrition therapy.

Timing of nutrient delivery in trauma may influence 
outcome. Although very few studies have been done in the 
past two decades, previous data support initiation of feed-
ing into the GI tract once the trauma patient is adequately 
resuscitated (ideally within the first 24 hours). A recent 
meta-analysis by Doig et al, including three RCTs with 126 
patients, reported a reduction in mortality when the patients 
were fed within this early time frame (370). The 2008 Trauma 
Nutrition Guidelines recommend starting nutrition within 
the first 24 to 48 hours via the gastric route, proceeding to 
post-pyloric access only with evidence of intolerance to gas-
tric feeding (371). Often trauma patients require multiple 
trips to the operating room (OR) to address their injuries, 
leading to increased interruption of their nutrition therapy 
(372). This population may benefit from a volume-based 
feeding approach (see sections A and B).

Depending on the extent of the trauma, these patients may 
have prolonged stays in the ICU and should undergo timely 
nutrition reassessment. Energy requirements vary depending 
on numerous factors. Resting energy expenditure (REE) peaks 
over 4 to 5 days, but continues to remain high for 9 to 12 days 
(with some elevation in energy expenditure persisting for over 
21 days) (373). Approximately 16% of total body protein is 
lost in the first 21 days, with 67% of that protein loss com-
ing from skeletal muscle alone (373). Energy goals should be 
in the range of 20 to 35 kcal/kg/day, depending on the phase 
of trauma. Lower energy provision is suggested early in the 
resuscitative phase, with liberalization of energy delivery as the 
patient enters into the rehabilitation phase. Requirements for 
protein are similar for other ICU patients but may be at the 
higher end of the provision range, from 1.2 to 2g/kg/day (see 
section C4).

Question: Should immune-modulation formulas be used 
routinely to improve outcomes in a patient with severe trauma?

M1b. We suggest that immune-modulating for-
mulations containing arginine and FO be considered 
in patients with severe Trauma

[Quality of Evidence: Very Low]
Rationale: The use of metabolic and immune-modulat-

ing formulations containing nutrients such as EPA, DHA, 
glutamine, arginine, and nucleic acids has been studied 
extensively in surgical populations. While several lines of 
evidence support use in trauma settings theoretically, docu-
mentation of outcome benefit is lacking. In a meta-analysis 
of 8 RCTS involving 372 trauma patients, use of immune-
modulating formulas showed no difference in outcome with 
regard to infections, hospital LOS, or mortality compared 
to controls receiving standard enteral formulas (374). The 
optimal level and combination of these agents has yet to be 
determined.

TRAUMATIC BRAIN INJURY
Question: Does the approach for nutrition therapy for the 

TBI patient differ from that of other critically ill patients or 
trauma patients without head injury?
M2a. We recommend that, similar to other critically 
ill patients, early enteral feeding be initiated in the 
immediate post-trauma period (within 24 to 48 hours 
of injury) once the patient is hemodynamically stable.

[Quality of Evidence: Very Low]
Rationale: Critically ill patients with TBI often have 

other injuries and organ damage, making them a heteroge-
neous population. In addition to the inconsistency of indi-
vidual pathophysiologic immune and metabolic responses to 
trauma, the variability in management will also alter meta-
bolic demands. The timing of initiating nutrition therapy 
has important outcome implications for the patient with 
TBI (368). An early Cochrane review demonstrated a trend 
toward better outcomes in patients who received early nutri-
tion therapy (within 24–72 hours of injury) compared with 
those fed late (within 3–5 days of injury), regardless of route 
(early vs late EN, early vs late PN, early PN vs late EN, or both 
early EN vs PN) (375). A prospective study conducted by the 
Brain Trauma Foundation showed a significant relationship 
between the amount of early nutrition therapy provided and 
the risk of death (376). Optimal energy and protein intake 
following TBI predicted the mortality risk after 2 weeks, 
with a 30–40% decrease in mortality for every 10–kcal/kg/
day increase in energy intake, achieving a plateau at approxi-
mately 25 kcal/kg/day.

Despite the fact that a Cochrane review and a meta-analysis 
by Wang showed no significant difference in outcome between 
routes of feeding (EN vs PN) in these patients, the committee 
suggests that EN is the preferred route of feeding in TBI, allud-
ing to the beneficial effects of EN on immunologic responses 
and preservation of gut integrity seen in other patient popula-
tions in critical illness (see section M1a) (374, 376). Clinicians 
should be urged to start EN as soon as possible following resus-
citation to maximize its benefits (but also have a low threshold 
for switching to PN with signs of EN intolerance).
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Energy requirements are primarily influenced by the method 
of management of TBI. Actual measured energy expenditure 
can range from 100–200% of baseline-predicted REE, depend-
ing on variables such as use of paralytics and/or coma-inducing 
agents in early management (377). Protein requirements may 
be in the range of 1.5 to 2.5 g/kg/day (42, 378).

Question: Should immune-modulating formulas be used 
in a patient with TBI?
M2b: Based on expert consensus, we suggest the use 
of either arginine-containing immune-modulating 
formulations or EPA/DHA supplement with standard 
enteral formula in patients with TBI.

Rationale: Only one small trial in adults (40 patients) com-
pared the use of immune-modulating formulations (contain-
ing arginine, glutamine, prebiotic fiber, and omega-3 fatty 
acids) with standard enteral formulations in TBI patients and 
demonstrated decreased infections (379). The use of EPA and 
DHA in the neurologically injured population has recently 
gained significant attention in accelerating recovery after 
TBI, and future studies may provide further support for this 
 strategy (380).

OPEN ABDOMEN
Question: Is it safe to provide EN to patients with an OA?

M3a. Based on expert consensus, we suggest early 
EN (24–48 hours post-injury) in patients treated with 
an OA in the absence of a bowel injury.

Rationale: The OA technique is often used in the manage-
ment of abdominal contents following damage control lapa-
rotomy, when the abdominal cavity cannot be closed primarily 
without excessive intraabdominal pressure. This procedure is 
done primarily following abdominal trauma resuscitation and 
in cases of postoperative abdominal compartment syndrome. 
The OA technique is also useful in the management of gross 
peritonitis, tertiary peritonitis, or infected pancreatic necrosis 
when the abdomen is packed open. Risk factors that lead to 
consideration of use of the OA technique involve four distinct 
categories, including reduced abdominal wall compliance, 
increased intraluminal contents, increased contents within the 
abdominal cavity, and high-volume resuscitation with capil-
lary leak. Patients may have an OA for days to weeks in some 
circumstances. The ideal outcome is timely definitive primary 
fascial closure (381, 382).

Many practitioners hesitate to enterally feed patients with 
an OA; however, retrospective data suggest that these patients 
can be fed safely, in the absence of bowel injury. A multicenter 
retrospective review of 597 patients with OA collected from 
11 level 1 trauma centers reported providing EN to 39% of 
the patients prior to closure of the abdomen (383). Logistic 
regression analysis of the 307 patients with no bowel injury 
demonstrated that use of EN was associated with significant 
reductions in time to abdominal fascial closure, pneumonia, 
intraabdominal complications, and mortality compared to 
STD (all differences, p ≤ 0.02) (383). In another retrospective 
review in which patients were grouped by timing of EN (early 

[≤ 4 days] vs late [> 4 days]), no differences in complications 
or mortality were found, but earlier fascial closure (p < 0.02) 
and less fistula formation (p < 0.05) was seen in the early-fed 
group (384). In a multicenter prospective cohort study of 100 
patients with OA but no viscous injury, investigators compared 
patients who received early EN (within 36 hours of injury) to 
those who received late feeding (> 36 hours) and found early 
EN to be safe and independently associated with a reduction in 
pneumonia (OR = 0.32; 95% CI, 0.13–0.70; p = 0.008) (385).

Question: Do patients with OA have increased protein or 
energy needs?
M3b. Based on expert consensus, we suggest 
providing an additional 15 to 30 grams protein per liter 
of exudate lost for patients with OA. Energy needs 
should be determined as for other ICU patients (see 
section A).

Rationale: Patients with OA have essentially a large 
open wound equivalent to approximately 40% of total body 
surface. The peritoneum, which is exposed, produces a 
high-protein exudate that is essentially an ultra-filtrate of 
the serum. Consequently these patients lose a significant 
amount of protein. Protein losses are based on the volume 
of fluid lost in the drains and negative-pressure abdomi-
nal wound devices. A range of 15 to 30 grams of protein/L 
of exudate has been reported (386–388). Energy require-
ments are similar to those of other patients in a surgical or  
trauma ICU.

BURNS
Question: What mode of nutrition support should be used 

to feed burn patients?
M4a. Based on expert consensus, EN should be 
provided to burn patients whose GI tracts are functional 
and for whom volitional intake is inadequate to meet 
estimated energy needs. PN should be reserved for 
those burn patients for whom EN is not feasible or 
not tolerated.

Rationale: When comparing EN to PN, patients random-
ized to EN tend to receive a smaller percentage of goal energy 
but have better outcomes. Although the data are mixed 
depending on burn model, body surface area of burn, and 
timing of delivery, EN has been shown to be associated with 
fewer infections and improved mortality compared to PN 
(389). In an early trial in burn patients evaluating the role 
of supplemental PN, Herndon showed that patients receiv-
ing both PN and EN had a higher incidence of infection and 
increased mortality compared to patients receiving EN alone 
(390). A clinical trial by Lam comparing early EN with PN 
in 82 burn patients found greater infectious morbidity (spe-
cifically pneumonia) and higher mortality in those patients 
randomized to PN, although energy needs were estimated by 
the Curreri formula, and PN patients received significantly 
more energy than those patients on EN (391). Providing early 
enteral feeding is associated with improved structure and 
function of the GI tract, as evidenced by significantly greater 
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contractility, less ischemia/reperfusion injury, and reduced 
intestinal permeability in burn patients receiving EN com-
pared to those receiving PN (392).

Question: How should energy requirements be determined 
in burn patients?
M4b. Based on expert consensus, we suggest that 
IC be used when available to assess energy needs in 
burn patients with weekly repeated measures.

Rationale: As with other critically ill populations, IC 
is recommended as the most accurate means to assess 
energy needs. In situations where IC is not available, vari-
ous published predictive equations have been used in the 
past, although their accuracy in burn patients is poor. In 
an evaluation of 46 predictive equations published between 
1953 and 2000, Dickerson found none of them to be pre-
cise in estimating energy expenditure measured by IC in 24 
patients with > 20% total body surface area burns (393). 
Changes in burn care, including early excision of nonvi-
able tissue and grafting have reduced the hypermetabolic 
responses in energy expenditure that were reported over 
two decades ago (394).

Question: What is the optimal quantity of protein to deliver 
to patients with large burns requiring ICU care?
M4c. Based on expert consensus, we suggest that 
patients with burn injury should receive protein in the 
range of 1.5–2g/kg/day.

Rationale: In a crossover study conducted on six adults 
with a mean 70% total body surface area burn, Wolfe evalu-
ated rates of whole-body protein synthesis and catabolism, 
and compared when protein was provided at 1.4 g/kg/day ver-
sus 2.2 g/kg/day (395). Study results showed that alterations in 
protein metabolism were unchanged between these two doses; 
however, the 2.2 g/kg/day dose led to an increased rate of pro-
tein catabolism (395). The 2001 American Burn Association 
guidelines and the 2013 ESPEN guidelines both recommended 
the provision of 1.5–2 g protein/kg/day for patients with burn 
injury (389, 396).

Question: When should nutrition support be initiated?
M4d. Based on expert consensus, we suggest very 
early initiation of EN (if possible, within 4–6 hours of 
injury) in a patient with burn injury.

Rationale: A nonrandomized trial of 20 burn patients, 
sequentially assigned to begin EN at < 5 hours versus > 
48 hours after injury, showed that patients in the early EN 
group achieved positive nitrogen balance earlier, had lower 
urinary catecholamines and plasma glucagon levels over 
the first two weeks of hospitalization, and demonstrated 
significantly higher insulin levels compared to patients in 
the late group (397). Rates of bacteremia and hospital LOS 
were similar between groups (397). Peng compared early 
(within 24 hours of admission) to late (after 48 hours) pro-
vision of EN on infection rates, serum endotoxin, and TNF 
in 22 Chinese patients with total body surface area burns 

ranging from 50–80% (398). Significantly greater increases 
in serum TNF concentrations and serum endotoxin were 
shown in those patients who received delayed EN compared 
to patients who received early EN (398). Vicic compared 
very early EN via nasojejunal tube within 4 hours of injury 
to a normal oral diet in 102 patients with burns > 20% of 
total body surface area. Study patients in the early feeding 
group had a significantly lower incidence of complications 
(p = 0.04), pneumonia (p = 0.03), and sepsis (p = 0.02) than 
controls on the regular oral diet (399). Delivery of early EN 
may be facilitated by placement of a nasoenteric tube into 
the small bowel.

N. SEPSIS
Question: Are patients with severe sepsis candidates for 

early EN therapy?
N1. Based on expert consensus, we suggest that 
critically ill patients receive EN therapy within 24–48 
hours of making the diagnosis of severe sepsis/septic 
shock as soon as resuscitation is complete and the 
patient is hemodynamically stable.

Rationale: Studies specifically addressing nutrition 
therapy in the population of patients with severe sepsis/
septic shock are lacking; this condition typically occurs in 
conjunction with numerous other critical illnesses, and 
studies to date reflect this heterogeneity. In the ICU set-
ting it is widely believed that patients with severe sepsis 
and septic shock have GI dysfunction at a rate of up to 60%  
(70, 101, 400, 401). The combination of compromised GI 
function and hypermetabolism from an exaggerated acute 
phase response (402) likely leads to greater risk for malnutri-
tion in this subpopulation of critically ill patients. Nutrition 
therapy, therefore, would be expected to offer a benefit for 
improved clinical outcomes (403).

Initiating EN within 24–48 hours of resuscitation or when 
hemodynamic stability is reached (defined as adequate perfu-
sion pressure, stable doses of vasoactive drugs, stabilized or 
decreasing levels of lactate and metabolic acidosis, and mean 
arterial pressure of ≥ 60 mmHg) is associated with improved 
outcomes (404).

While no studies were found comparing early to delayed EN 
in patients with sepsis, on the basis of knowledge from general 
ICU patients of whom a proportion will have sepsis, we make 
our recommendation as in section B3.

In the review of studies involving a mix of critically ill 
patients, a meta-analysis by Simpson and Doig (59) found 
no benefit from early EN compared to PN, while a sec-
ond meta-analysis by Peter et al (57) demonstrated that 
EN significantly reduced complication rates compared to 
PN (but had no effect on mortality). Both meta-analyses 
involved a mix of critically ill patients, with only a portion 
of patients with sepsis. A third meta-analysis by Gramlich 
et al (56) that again included a small subset of patients 
with sepsis reported a positive effect of EN on morbidity 
compared to PN.
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Question: Should exclusive or supplemental PN added 
to EN providing < 60% of goal be used in the acute phase of 
severe sepsis or septic shock?
N2. We suggest NOT using exclusive PN or supple-
mental PN in conjunction with EN early in the acute 
phase of severe sepsis or septic shock, regardless of 
their degree of nutrition risk.

[Quality of Evidence: Very Low]
Rationale: There is a lack of studies addressing the use 

of exclusive or supplemental PN early in the acute phase of 
sepsis. The EPaNiC study by Casaer et al, in which one-fifth 
of patients had a sepsis diagnosis, reported that early sup-
plemental PN added to hypocaloric EN resulted in longer 
hospital and ICU stays, longer durations of organ support, 
and a higher incidence of ICU-acquired infection than late 
supplementation (240). Because this patient population 
has an exaggerated stress response, and handles exogenous 
fuels poorly, the wide risk/benefit ratio with PN may be 
problematic (405).

Experience from two observational studies emphasizes 
the risk of early PN in this particular patient population. 
A prospective single-day point-prevalence trial by Elke 
focused specifically on nutrition support in 415 patients 
with severe sepsis and septic shock in German ICUs (406). 
Results showed that hospital mortality was significantly 
higher in patients receiving PN exclusively (62.3%) or 
mixed EN with PN (57.1%) compared to patients receiving 
EN exclusively (38.9%) (p = 0.005) (406). The finding of 
increased mortality with PN in this study population lends 
support to the use of EN for patients with severe sepsis and 
septic shock (406). In a secondary analysis, mortality at 90 
days was lower with exclusive EN than EN plus PN (26.7% 
vs 41.3%, p = 0.048), as was the rate of secondary infections, 
renal replacement therapy, and duration of mechanical ven-
tilation, despite energy intake and protein delivery being the 
least in the EN group during the first week of feeding (407). 
A second prospective observation of 537 patients with sep-
sis in the VISEP trial found that patients with EN alone had 
lower mortality than those with EN and PN (Elke 2013). 
The aggregated data from these two observational studies 
show a mortality benefit with EN (RR = 0.66; 95% CI, 0.5–
0.88). However, as these patients were not randomized into 
EN versus PN, different levels of intestinal failure may bias 
the finding.

Question: What is the optimal micronutrient supplementa-
tion in sepsis?
N3. We cannot make a recommendation regarding 
selenium, zinc and antioxidant supplementation in 
sepsis at this time due to conflicting studies.

[Quality of Evidence: Moderate]
Rationale: The plasma concentration of several micro-

nutrients with antioxidant capabilities is decreased in sep-
tic patients (408). Specifically, plasma selenium has been 
shown to be depressed in sepsis. Selenium is believed to 
be one of the most potent antioxidant agents in clinical 

settings (as well as zinc, ascorbic acid, vitamin E, and beta-
carotene). The data from nine studies specifically address-
ing use of parenteral selenium that met our inclusion 
criteria (involving 1888 patients) were aggregated and 
demonstrated no difference in mortality (RR = 0.94; CI, 
0.84–1.06, p = 0.32) (219, 220, 225, 226, 230, 231, 288, 409, 
410). No difference was noted between study patients and 
controls with regard to ICU LOS, hospital LOS, or dura-
tion of mechanical ventilation. In contrast, a meta-analy-
sis of 9 trials by Huang found a significant reduction in 
mortality (RR = 0.83; CI, 0.70–0.099; p = 0.04) with the 
use of higher doses of selenium in critical illness (411). 
The recommended optimal acute selenium dose for criti-
cally ill patients may range between 500 and 750 mcg/day, 
with ideal duration of supplementation being 1 to 3 weeks 
depending on severity of disease (412).

The magnitude of the inflammatory response following 
systemic infection is inversely correlated with plasma zinc 
levels, such that the lower the zinc level, the greater the likeli-
hood for organ damage and mortality (413, 414). It is contro-
versial whether lower concentrations reflect simply the acute 
phase response, relative deficiency, or reduced availability and 
sequestration by the body. While the optimal dose is not yet 
known, zinc supplementation in septic patients may help pre-
vent innate immune suppression and risk of secondary infec-
tion (413).

Question: What are the protein and energy requirements 
for septic patients in the acute phase of management?
N4. Based on expert consensus, we suggest the 
provision of trophic feeding (defined as 10–20kcal/hr 
or up to 500 kcal/day) for the initial phase of sepsis, 
advancing as tolerated after 24–48 hours to > 80% of 
target energy goal over the first week. We suggest 
delivery of 1.2–2 g protein/kg/day.

Rationale: Wide variability in energy expenditure has been 
documented in advanced septic shock (415). For this reason, 
IC is recommended, if available, for baseline energy expendi-
ture measurement, with follow-up measurement every 4 days. 
If IC is not available or patient conditions do not allow for 
it (e.g., Fio2 > 0.60), then simplistic weight-based equations 
(25 kcal/kg/day) or published equations may be used for pre-
dicting energy expenditure. In a cohort of patients with SIRS, 
sepsis, and septic shock, estimates from the Harris Benedict 
and Schofield published equations correlated well with energy 
expenditure measured by IC (all results within 8% of each 
other) (416).

Observational studies suggest that provision of a range of 
25% to 66% of calculated energy requirements may be opti-
mal (417). The strategy of providing trophic feeding, defined 
as up to 500 kcal/day, for the initial phase of sepsis, advanc-
ing after 24–48 hours to 60–70% of target over the first week 
may be most appropriate and optimal (403).

Protein requirements in sepsis are very difficult to deter-
mine. Current levels of 1.2–2 g/kg/day in sepsis are suggested, 
extrapolated from other ICU settings (91, 378).
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Question: Is there any advantage to providing immune or 
metabolic-modulating enteral formulations (arginine with 
other agents, including EPA, DHA, glutamine, and nucleic 
acid) in sepsis?
N5. We suggest that immune-modulating formulas 
not be used routinely in patients with severe sepsis.

[Quality of Evidence: Moderate]
Rationale: Theoretically, use of arginine may pose a 

threat to the septic critically ill patient who is hemodynami-
cally unstable by upregulating inducible nitric oxide synthase 
enzyme activity, increasing nitric oxide production, and caus-
ing greater hemodynamic instability and organ dysfunction 
(418). Several clinical trials in which arginine was supplied to 
septic patients reported no such adverse events (419). In fact, 
arginine may provide benefit in sepsis by promoting perfusion 
of tissues and increasing cardiac output.

In a multicenter RCT of 176 septic patients given a formula 
containing FO, arginine and nucleic acids, mortality (17 of 89 
vs 28 of 87; p < 0.5), incidence of bacteremia (7 of 89 vs 19 of 
87; p = 0.01) and incidence of nosocomial infection (5 of 89 vs 
17 of 87; p = 0.01) were all reduced in the study group com-
pared to the controls (171). The outcome benefits, though, were 
seen only in patients with moderate degree of critical illness 
(APACHE II scores 10–15), which limits the broader applica-
tion of these results to all patients with sepsis. In a small RCT of 
55 septic patients, Beale reported faster recovery in organ func-
tion as assessed by the Sequential Organ Failure Assessment, 
with use of an enteral formulation of glutamine, antioxidants, 
trace elements and butyrate (but no arginine) compared to use 
of a standard enteral formula (160). Similarly, an RCT of sep-
tic patients without organ dysfunction found that, when given 
early, prior to severe sepsis, an immune-enhancing enteral for-
mula with omega-3 fatty acids, gamma-linolenic acid (GLA), 
and antioxidants reduced the development of organ dysfunc-
tions, although it did not improve mortality or LOS (420). 
However, more recent RCTs comparing immune-modulating 
formulas with standard EN, of which a significant proportion 
of patients were septic, failed to show clear benefit in a MICU 
setting (see section E2).

O. POSTOPERATIVE MAJOR SURGERY (SICU 
ADMISSION EXPECTED)

Question: Is the use of a nutrition risk indicator to identify 
patients who will most likely benefit from postoperative nutri-
tion therapy more useful than traditional markers of nutrition 
assessment?
O1. Based on expert consensus, we suggest that 
determination of nutrition risk (for example, NRS-2002 
or NUTRIC score) be performed on all postoperative 
patients in the ICU and that traditional visceral protein 
levels (serum albumin, prealbumin, and transferrin 
concentrations) should not be used as markers of 
nutrition status.

Rationale: While hypoalbuminemia has value as a valid 
preoperative prognosticator correlating to increased hospital 
LOS, infection, and mortality, it has limited usefulness in the 

postoperative setting. Traditional visceral proteins, including 
albumin, prealbumin, and transferrin are negative acute-phase 
proteins and, in the postoperative setting, reflect the dynamic 
and catabolic response to surgery, stress, injury, infection, or 
organ failure (renal, hepatic). They do not reflect the patient’s 
nutrition status (20, 21). While hypoalbuminemia may have 
prompted the surgeon to initiate nutrition therapy in the first 
place, serum albumin concentrations would not be expected 
to change through the course of management until the stress 
metabolism abates. Thus, serum protein concentrations have 
no use postoperatively to measure adequacy of nutrition ther-
apy (20, 21).

The NRS-2002 is an important predictor of postopera-
tive complications, is validated for use in surgical patients, 
and is supported by evidence from RCTs (18). However, at 
the present time it is not clear whether aggressive nutrition 
therapy postoperatively benefits the high-risk patient any 
more than it does the low-risk patient as identified by the 
scoring system.

Question: What is the benefit of providing EN early in the 
postoperative setting compared to providing PN or STD?
O2. We suggest that EN be provided when feasible in 
the postoperative period within 24 hours of surgery, 
as it results in better outcomes than use of PN or STD.

[Quality of Evidence: Very Low]
Rationale: When feasible, EN is always the first choice 

over PN or STD. Two meta-analyses in the past by the same 
author showed that early aggressive use of the enteral route 
(either orally or by tube feeding) within 24 hours of surgery 
resulted in better outcome. In 2009, a meta-analysis by Lewis 
of 13 trials involving 1173 patients showed that absolute mor-
tality was reduced from 6.8% to 2.4% with use of early EN 
postoperatively versus STD (RR = 0.42; 95% CI, 0.18–0.96;  
p = 0.03) (421). Based on very low-quality data, the 15 studies 
in the Osland meta-analysis, representing 1238 patients, dem-
onstrated that complications (excluding nausea and vomiting) 
were reduced in the group receiving early EN (RR = 0.53; 95% 
CI, 0.33–0.86), but mortality and LOS were not significantly 
different (422).

EN is clearly not feasible postoperatively if there is evidence 
of continued obstruction of the GI tract, bowel discontinuity, 
increased risk for bowel ischemia, or ongoing peritonitis. EN 
may be feasible postoperatively in the presence of high out-
put fistulas, severe malabsorption, shock, or severe sepsis if the 
patient remains stable for at least 24−36 hours. In these more 
complex situations, nutrition management must be individu-
alized to allow for optimal care of the patient.

The need to achieve timely enteral access should be 
addressed when possible in the OR. Failure to plan for 
access through surgery or to develop and implement EN 
protocols postoperatively, often results in excessive use of 
PN. Additional measures that help promote tolerance and 
increase delivery of EN postoperatively include adequate 
resuscitation, correction of electrolytes and pH, appropriate 
(moderate) glucose control, and goal-directed conservative 
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fluid management (to decrease likelihood of over-hydration 
and bowel wall edema) (423).

Question: Should immune-modulating formulas be used 
routinely to improve outcomes in a postoperative patient?
O3. We suggest the routine use of an immune-
modulating formula (containing both arginine and 
fish oils) in the SICU for the postoperative patient 
who requires EN therapy.

[Quality of Evidence: Moderate to Low]
Rationale: Specialized immune myeloid suppressor cells 

following insult, injury, or major surgery rapidly increase the 
levels of arginase 1, resulting in a relative arginine depletion 
(424, 425). An inadequate supply of arginine adversely affects 
T-cell function and causes subsequent immune suppression. 
The arginine deficiency may be severe enough to impact pro-
duction of nitric oxide and negatively affect microcirculation. 
Formulas containing arginine and omega-3 fatty acids appear 
to overcome the regulatory effect of myeloid suppressor cells 
(425). In a dynamic fashion, the omega-3 fatty acids EPA and 
DHA displace omega-6 fatty acids from the cell membranes 
of immune cells, reducing systemic inflammation through the 
production of alternative biologically less-active prostaglan-
dins and leukotrienes. EPA and DHA (FOs) have also been 
shown to downregulate expression of nuclear factor-kappa 
B, intracellular adhesion molecule 1, and E-selectin, which 
in effect decreases neutrophil attachment and transepithelial 
migration to modulate systemic and local inflammation. In 
addition, EPA and DHA help stabilize the myocardium and 
lower the incidence of cardiac arrhythmias, decrease inci-
dence of ARDS, and reduce likelihood of sepsis (180, 181, 183, 
426). Resolvins, produced endogenously from EPA substrates, 
have been shown to enhance phagocytic clearance of bacteria, 
reduce severity of inflammation, promote neutrophil apopto-
sis, and modulate neutrophil chemotaxis (427).

The benefit of immune-modulating formulas compared to 
standard formulas in surgical postoperative patients appears to 
be derived in part from the synergistic effect of FO and arginine, 
as both must be present in the formula to see outcome benefits. 
Timing appears to be important, and is influenced by the nutri-
tional status of the patient. In well-nourished patients undergo-
ing elective surgery, preoperative or perioperative provision of 
immunonutrition is more important for metabolic condition-
ing than for the nutritional value of the formula (and provision 
postoperatively is less effective) (428). In patients with poor 
nutrition status, the provision of immune-modulating formu-
las perioperatively (both before and after surgery) and postop-
eratively result in positive outcome benefits. The effect in these 
latter patients may be lost when immunonutrition is provided 
only preoperatively (422). In a meta-analysis of 35 trials, Drover 
showed that use of an arginine/FO-containing formula given 
postoperatively reduced infection (RR = 0.78; 95% CI, 0.64–
0.95; p = 0.01) and hospital LOS (WMD = –2.23; 95% CI, –3.80 
to –0.65; p = 0.006), but not mortality, compared to use of a 
standard enteral formula (429). In the same studies from the 
Drover meta-analysis overall data through the surgical period 

from 2780 patients, infections were reduced with arginine sup-
plementation (RR = 0.59; 95% CI, 0.5–0.7), and mean LOS was 
shorter by 2.38 days (95% CI, –3.39 to –1.36), but mortality 
was not different (429). Similar findings were seen when the 
immune-modulating formula was given perioperatively (both 
before and after surgery). In a meta-analysis of 21 trials involv-
ing 2005 patients, Osland showed similar reductions in infec-
tion (OR = 0.61; 95% CI, 0.47–0.79; p < 0.01) and hospital 
LOS (WMD = –2.30; 95% CI, –3.71 to –0.89; p = 0.001) when 
immune FO/arginine-containing formulas were given postop-
eratively compared to standard formula (430). A reduction in 
total complications was seen with use of immune-modulating 
formulas given postoperatively (OR = 0.70; 95% CI, 0.52–0.94; 
p = 0.02), but a reduction in anastomotic dehiscence was seen 
only when the immune-modulating formula was given peri-
operatively. In another moderate-quality meta-analysis by 
Marimuthu of 26 RCTs representing 2496 patients undergoing 
open GI surgery, provision of immunonutrition postoperatively 
resulted in a decrease in postoperative infection (RR = 0.64; 
95% CI, 0.55–0.74), a reduction in noninfectious complications 
(RR = 0.82; 95% CI, 0.71–0.95), and a shortening of hospital 
LOS by 1.88 days (95% CI, –2.88 to –0.0.84) compared to stan-
dard formulas (431). No statistical benefit was seen with regard 
to mortality (431).

Question: Is it appropriate to provide EN to a SICU patient 
in the presence of difficult postoperative situations such as OA, 
bowel wall edema, fresh intestinal anastomosis, vasopressor 
therapy, or ileus?
O4. We suggest enteral feeding for many patients in 
difficult postoperative situations such as prolonged 
ileus, intestinal anastomosis, OA, and need of 
vasopressors for hemodynamic support. Each case 
should be individualized based on perceived safety 
and clinical judgment.

[Quality of Evidence: Low to Very Low]
Rationale: Increasing surgical experience and RCTs are 

showing safety and efficacy of enteral feeding in difficult sur-
gical conditions. Evidence that early EN makes anastomo-
ses stronger with greater collagen and fibrin deposition and 
fibroblast infiltration have been shown in meta-analysis of 
early EN versus STD with no worsening effect on anastomotic 
dehiscence (RR = 0.75; 95% CI, 0.39–1.4; p = 0.39) with the 
direction favoring early feeding (422). In a 2009 meta-analy-
sis by Lewis et al, a decrease in mortality was demonstrated  
(RR = 0.41; 95% CI, 0.18–0.93, p = 0.03) (421). Although 
this difference was lost in the 2011 meta-analysis by Osland 
et al (RR = 0.71; 95% CI, 0.32–1.56; p = 0.39), the direction 
again favored early feeding (422). Concern that postopera-
tive EN would increase aspiration pneumonia has been shown 
not to be warranted, as there was no difference in pneumonia 
between early EN and STD (RR = 0.76; 95% CI, 0.36–1.58;  
p = 0.46) (421). Feeding in the 24 hours following surgery helps 
reduce postoperative ileus, attenuate dysmotility, and prevent 
bowel wall edema. Studies of EN provision on gut perfusion 
in patients on mechanical ventilation receiving vasopressor 
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agents to maintain hemodynamic stability have yielded incon-
sistent results; however, only a few cases of non-occlusive bowel 
necrosis have been documented. Therefore, the majority of 
ICU patients on a low, stable vasopressor dose may be fed into 
the stomach with close monitoring for signs and symptoms of 
intolerance (432). A query of a large ICU database for patients 
fed while on vasopressor agents found that, among the 707 who 
received early EN compared with the 467 who received late EN, 
the early EN group had a lower mortality (22.5% vs 28.3%,  
p = 0.03) (86). In an RCT of 78 patients with postoperative 
enterocutaneous fistulas following a Whipple procedure, use of 
early EN increased the likelihood of fistula closure compared 
to use of PN (60% vs 37%, respectively, p = 0.043) (433).

Question: When should PN be used in the postoperative 
ICU patient?
O5. Based on expert consensus, we suggest that, 
for the patient who has undergone major upper GI 
surgery and EN is not feasible, PN should be initiated 
(only if the duration of therapy is anticipated to be ≥ 
7 days). Unless the patient is at high nutrition risk, PN 
should NOT be started in the immediate postoperative 
period, but should be delayed for 5–7 days.

Rationale: Consistent benefit of PN over STD (when EN 
is not feasible) has been seen in those patients undergoing 
major upper GI surgery (esophagectomy, gastrectomy, pancre-
atectomy, or other major re-operative abdominal procedures), 
especially if there is evidence of preexisting protein-energy 
malnutrition or high nutrition risk and the PN is provided 
under specific conditions (55, 252). In an earlier meta-anal-
ysis by Heyland, SICU patients saw a significant reduction in 
total complications with use of PN compared to STD (RR = 
2.40; 95% CI, 0.88–6.58, p < 0.05), an effect not seen in MICU 
patients (252).

Early reports suggested that the benefits from the use of 
PN are seen when the PN was provided preoperatively for 
a minimum of 7–10 days and then continued through the 
postoperative period (434). The pooled data from a separate 
meta-analysis by Klein showed a significant 10% decrease in 
infectious morbidity with PN compared to STD therapy when 
used in this manner (435).

The beneficial effect of PN appears to be lost if given only 
postoperatively and, if given in the immediate period following 
surgery, is associated with worse outcome (435). Aggregation 
of data from nine studies that evaluated routine postopera-
tive PN (243, 244, 246, 249–251, 436–438) showed a signifi-
cant 10% increase in complications compared to STD (435). 
Because of the adverse outcome effect from PN initiated in the 
immediate postoperative period, Klein recommended delay-
ing PN for 5–10 days following surgery if EN continues not 
to be feasible. The recommendation that an anticipated dura-
tion of feeding of ≥ 7 days is necessary to ensure a beneficial 
outcome effect from use of PN postoperatively is extrapolated 
from the studies on pre-/perioperative PN (434, 435). The 
findings of Klein in 1997 may have been influenced by prac-
tice patterns at the time, including hypercaloric feeding and 

poor glycemic control, both which are no longer the norm in 
most ICU settings. In another meta-analysis, patients (> 60% 
surgical admissions) who had a relative contraindication to 
early EN randomized to early PN vs STD, showed no differ-
ence in 60-day mortality, ICU or hospital LOS, or new infec-
tions between the two groups (242). In a situation in which 
emergency surgery is performed in a patient at high nutrition 
risk patient and the option of preoperative PN or EN does not 
exist, shortening the period to initiation of postoperative PN 
may be a reasonable strategy.

Question: Is advancing to a clear liquid diet required as the 
first volitional intake in the postoperative ICU patient?
O6. Based on expert consensus, we suggest that, 
upon advancing the diet postoperatively, patients be 
allowed solid food as tolerated, and that clear liquids 
are not required as the first meal.

Rationale: There is no physiologic basis for the argument 
that patients should be advanced to clear liquids first follow-
ing surgery prior to ingesting a solid meal. While clear liquids 
may be swallowed more easily and, if isotonic, may leave the 
stomach more rapidly, they are more readily aspirated (439). In 
an early RCT of 241 patients who had undergone an abdomi-
nal operation, there were no significant differences in dietary 
intolerance between those receiving a clear liquid diet (n = 135) 
or a regular diet (n = 106) (440). In an RCT involving over 
400 patients undergoing major GI surgery, Lassen showed that 
giving “normal food” on the first day postoperatively did not 
increase morbidity or mortality (441). Postoperative nausea 
occurs with the same frequency (approximately 20%) whether 
patients are advanced first to clear liquids or to solid meals, 
symptoms are transient, and there is no difference in postop-
erative complications (439). Early advancement to oral diet 
attenuates postoperative dysmotility, and the time to resume 
bowel function (as evidenced by passage of gas and stool with 
normal intake of food at will) may be shorter with early diet 
advancement (441).

P. CHRONICALLY CRITICALLY ILL
Question: How should the chronically critically ill patient 

be managed with nutrition therapy?
P1. Based on expert consensus, we suggest that 
chronically critically ill patients (defined as those with 
persistent organ dysfunction requiring ICU LOS > 21 
days) be managed with aggressive high-protein EN 
therapy and, when feasible, that a resistance exercise 
program be used.

Rationale: Due to advancements in medical and surgi-
cal critical care, a greater number of patients are surviving 
acute critical illness. A syndrome of chronic critical illness 
has emerged, characterized by prolonged mechanical ventila-
tion (> 6 hours) and persistent organ dysfunction requiring 
lengthy ICU stays (≥ 21 days) and extreme symptom burden to 
the survivors (442). Placement of an elective tracheostomy is 
also a common delineation to identify chronic critical illness in 
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the literature. The chronically critically ill are more prevalent 
and require a different set of defined outcome parameters and 
nutritional goals. Despite the increasing prevalence, there are 
very few RCTs to guide nutrition therapy in this population at 
this time. Therefore, the Guidelines Committee provides only 
a brief introduction to the topic.

Moore helped further define the process of chronic criti-
cal illness in severely injured trauma patients as the “persistent 
inflammation, immunosuppression, and catabolism syndrome 
(443).” In a series of studies, genomic and clinical data from 
trauma patients and SICU patients with a prolonged course of 
recovery (greater than 14 days) demonstrated chronic inflam-
mation and a maladaptive immune response that contributed 
to secondary nosocomial infections and severe protein catabo-
lism (443, 444). Clinical features reflect the consequences of 
chronic critical illness, and include prolonged ventilator depen-
dence, brain dysfunction, neuromuscular weakness, neuroen-
docrine and metabolic changes, muscle wasting, malnutrition, 
skin breakdown, and symptom distress (such as pain, anxiety, 
and depression) (445).

Recommendations for the chronically critically ill patient 
have surfaced from experienced institutions and are extrapo-
lated from the critical care literature presented throughout this 
guideline. Protocol-based enteral feeding and glycemic control 
are primary recommendations, with emerging investigations 
for mobility protocols and endocrine therapy (such as treat-
ment for bone resorption and vitamin D deficiency) (446–448).

Q. OBESITY IN CRITICAL ILLNESS
Question: Do obese ICU patients benefit less from early 

EN in the first week of hospitalization, due to their nutrition 
reserves, than their lean counterparts?
Q1. Based on expert consensus, we suggest that early 
EN start within 24–48 hours of admission to the ICU for 
obese patients who cannot sustain volitional intake.

Rationale: The importance of providing early EN is no 
different for the obese critically ill patient than for their lean 
counterparts. Non-nutritional benefits of early EN are seen in 
critically ill patients, including obese subjects. (see sections B1 
and B3) (449).

The high nutrition risk associated with a low BMI (< 18.5) 
is readily apparent to the clinician on physical examination. 
But malnutrition has been shown to occur at both ends of the 
spectrum of BMI, and it is much less apparent when the ICU 
patient is obese. Fifty-seven percent of hospitalized patients 
with a BMI > 25 show evidence of malnutrition. Patients with 
a BMI > 30 have an odds ratio of 1.5 for having malnutrition 
(p = 0.02) (450). The reasons for the surprisingly high rate of 
malnutrition in obese patients may stem in part from unin-
tentional weight loss early after admission to the ICU and a 
lack of attention from clinicians who misinterpret the high 
BMI to represent additional nutritional reserves that protect 
the patient from insult.

Obese ICU patients are more likely than lean subjects to 
have problems with fuel utilization, which predisposes them to 

greater loss of lean body mass. Obese patients are at greater risk 
for insulin resistance and futile fuel cycling of lipid metabolism 
(increases in both lipolysis and lipogenesis). In an early study 
of trauma patients, Jeevanandam showed that obese subjects 
in a SICU derived only 39% of their REE from fat metabo-
lism, compared to 61% in their lean counterparts (451). These 
patients derived a higher percentage of energy needs from 
protein metabolism, indicating greater potential for erosion of 
lean body mass.

The obesity paradox may contribute to clinicians’ illusion 
that obese patients do not need nutrition therapy early in their 
ICU stay. The mortality curve for BMI is U-shaped, with the 
mortality highest in class III severely obese patients with BMI  
> 40 and in people with BMI < 25. Mortality is lowest in sub-
jects with BMI in the range of 30–40 (class I and II obesity) 
(452, 453). This protective effect of moderate obesity is the obe-
sity paradox. This counterintuitive effect has raised the ques-
tion of whether BMI in this range (30–40) may not be the best 
indicator of risk (see section Q3). Nonetheless, the argument of 
the obesity paradox should neither lull clinicians into compla-
cency nor be used as a rationale to withhold feeding from the 
obese ICU patient.

Question: What additional parameters should be addressed 
with a nutrition assessment in critical illness when the patient 
is obese?
Q2. Based on expert consensus, we suggest that 
nutrition assessment of the obese ICU patient focus 
on biomarkers of metabolic syndrome, an evaluation 
of comorbidities, and a determination of level of 
inflammation, in addition to those parameters 
described for all ICU patients.

Rationale: Besides the routine elements of assessment in 
critical illness (see section A), the nutritional assessment in the 
obese ICU patient should focus on determining actual, usual, 
and ideal weight. BMI should be calculated, class of obesity 
identified, and, if possible, waist circumference measured. Use 
of adjusted body weight is not recommended due to lack of 
validation studies and variable definition in the literature (454).

Biomarkers of metabolic syndrome should be evaluated, 
which include serum glucose, triglyceride, and cholesterol con-
centrations. Attention to blood pressure together with these 
markers should be used to establish whether the patient has 
evidence of metabolic syndrome.

The focused assessment should identify preexisting as well 
as emerging comorbidities, including diabetes, hyperlipidemia, 
obstructive sleep apnea, restrictive lung disease, cardiomyopa-
thy with congestive heart failure, hypertension, thrombogen-
esis, and abnormal liver enzymes to suggest fatty liver disease. 
An assessment of the level of inflammation should be done by 
looking at CRP, erythrocyte sedimentation rate, and evidence 
of SIRS.

These factors represent additional comorbidities that make 
management more difficult, placing the patient at higher likeli-
hood of complications resulting from nutrition therapy (e.g., 
volume overload, hyperglycemia). Clinical awareness of these 
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comorbidities leads to more timely intervention and adjust-
ments in the nutrition regimen when these complications arise.

Question: What factors on assessment identify obese 
patients in the ICU to be at high risk?
Q3. Based on expert consensus, we suggest that 
nutrition assessment of the obese ICU patient focus 
on evidence of central adiposity, metabolic syndrome, 
sarcopenia, BMI > 40, SIRS, or other comorbidities 
that correlate with higher obesity-related risk for 
cardiovascular disease and mortality.

Rationale: Obesity increases the complexity of manage-
ment of the critically ill patient and impacts most aspects of 
healthcare delivery. Obesity changes the pattern of comorbidi-
ties, increases the technical difficulties of management (attain-
ing vascular access, performing tracheostomy, interpreting 
radiologic images, etc.), and alters drug metabolism. Obese 
ICU patients require special teams and highly specialized 
equipment to provide the basics of daily routine nursing care. 
Physiologic consequences of obesity negatively impact organ 
function, predisposing to congestive heart failure (reduced 
left ventricular contractility, decreased ejection fraction, and 
increased left ventricular end-diastolic volume), respiratory 
abnormalities (obstructive sleep apnea, higher airway resis-
tance, decreased vital capacity, total lung capacity, and chest 
wall compliance), and hepatopathy (nonalcoholic fatty liver, 
steatosis, and cirrhosis) (454).

Critically ill patients who are obese experience more com-
plications than their lean counterparts with normal BMI (455). 
Compared to lean patients in the ICU, increased morbidity is 
seen with all three classes of obesity, including greater incidence 
of infection, prolonged hospital and ICU LOSs, increased risk 
of organ failure, and longer duration of mechanical ventilation 
(456–459). While a lower mortality may be seen in the cohort 
of ICU patients with a BMI between 30 and 40 (452, 459, 460), 
those with a BMI > 40 clearly have worse outcome and higher 
mortality than ICU patients with BMI ≤ 40 (459).

The factors that put the obese critically ill patient at the 
highest risk are the presence of metabolic syndrome, sarcope-
nia and abdominal adiposity. Central, truncal, or abdominal 
adiposity may better characterize obesity-related inflamma-
tion and visceral fat deposition; thus, measuring waist circum-
ference, if possible, may be more relevant to clinical outcomes 
than BMI (461). Increased abdominal adiposity is associated 
with insulin resistance, hyperglycemia, and metabolic syn-
drome, and is a risk factor for ICU complications (462). In a 
study by Paolini, the presence of central adiposity and meta-
bolic syndrome was associated with an increased ICU mortal-
ity of 44%, compared to lean counterparts in the ICU, with a 
mortality of 25% (463). In a trauma study involving 149 SICU 
patients, 47% of whom were overweight or obese, the pres-
ence of sarcopenia was shown to be associated with worsened 
outcome. Mortality increased from 14% to 32%, and there 
were fewer ICU-free days and ventilator-free days in the pres-
ence of sarcopenia compared to those cohort patients in the 
SICU without sarcopenia (464).

Question: In adult obese ICU patients, does use of high-
protein, hypocaloric feeding improve clinical outcomes com-
pared with use of high-protein, eucaloric feeding?
Q4. Based on expert consensus, we suggest that 
high-protein hypocaloric feeding be implemented in 
the care of obese ICU patients to preserve lean body 
mass, mobilize adipose stores, and minimize the 
metabolic complications of overfeeding.

Rationale: Use of high-protein hypocaloric feeding in hospi-
talized patients with obesity is associated with at least equivalent 
(and possible better) outcomes as use of high protein eucaloric 
feeding (455). In a retrospective study of 40 obese critically ill 
surgical and trauma patients, use of high-protein hypocaloric 
EN was associated with shorter ICU stay, decreased duration of 
antibiotics, and fewer days of mechanical ventilation compared 
to use of a high-protein eucaloric diet (465). In one of two RCTs, 
use of a parenteral high-protein hypocaloric diet resulted in 
similar outcomes (hospital LOS and mortality) as a high-pro-
tein eucaloric PN regimen (269). Multiple observational trials 
have shown equivalent nutrition outcomes and nitrogen balance 
studies between the two types of diets (whether by EN or PN) 
(455). Low intake of protein in combination with a hypocaloric 
diet may worsen mortality in obese patients, as was shown in 
a prospective observational cohort study of adult ICU patients 
with class II obesity (BMI 35–39.9) (466).

Question: In adult obese ICU patients, what are the appro-
priate targets for energy and protein intake to achieve nitrogen 
equilibrium and meet metabolic requirements?
Q5. Based on expert consensus, we suggest that, for all 
classes of obesity, the goal of the EN regimen should 
not exceed 65–70% of target energy requirements as 
measured by IC. If IC is unavailable, we suggest using 
the weight-based equation 11–14 kcal/kg actual body 
weight/day for patients with BMI in the range 30–50 
and 22–25 kcal/kg ideal body weight/day for patients 
with BMI > 50. We suggest that protein should be 
provided in a range from 2.0 g/kg ideal body weight/
day for patients with BMI 30–40 up to 2.5 g/kg ideal 
body weight/day for patients with BMI ≥ 40.

Rationale: Achieving some degree of weight loss may 
increase insulin sensitivity, facilitate nursing care, and reduce 
risk of comorbidities. Providing 60–70% of caloric require-
ments promotes steady weight loss. A retrospective study by 
Choban indicated that provision of protein at a dose of 2.0 g/kg  
ideal body weight/day was insufficient for achieving neutral 
nitrogen balance when BMI is greater than 40 (269). Infusing 
protein at a dose of 2–2.5 g/kg ideal body weight/day should 
approximate protein requirements, preserve nitrogen balance, 
and allow for adequate wound healing. Nitrogen balance was 
similar with these levels regardless of whether energy intake 
was hypocaloric or eucaloric (269, 465, 467). Use of BMI and 
ideal body weight is recommended for these calculations, while 
use of adjusted body weight should be avoided. Protein recom-
mendations should be adjusted using nitrogen balance studies 
with a goal of achieving nitrogen equilibrium if possible.
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Published weight-based predictive equations are less accu-
rate in the overweight and obese ICU population (468). The 
reduced accuracy of predictive equations is related to many 
non-static variables affecting energy expenditure in the criti-
cally ill patient, such as weight, medications, treatments, and 
body temperature. In obese, heterogeneous adult ICU patients, 
none of the published predictive equations performed within 
10% of measured REE using the Deltatrac or MedGem indi-
rect calorimeters, leading investigators to recommend IC for 
this patient population (33, 468, 469). When IC is unavailable, 
simplistic weight-based equations provide a sufficient esti-
mate, representing 65–70% of measured energy expenditure, 
using 11–14 kcal/kg actual body weight/day for BMI 30–50 
and 22–25 kcal/kg ideal body weight/day for BMI > 50 (using 
the equation for actual body weight will over-predict this value 
when BMI > 50) (470).

Question: What indications, if any, exist for use of specialty 
enteral formulations for adult obese ICU patients?
Q6. Based on expert consensus, we suggest that, if 
available, an enteral formula with low caloric density 
and a reduced NPC:N be used in the adult obese ICU 
patient. While an exaggerated immune response 
in obese patients implicates potential benefit from 
immune-modulating formulas, lack of outcome data 
precludes a recommendation at this time.

Rationale: Most enteral formulas have a high NPC:N, 
which necessitates the routine addition of protein supple-
ments in an ICU setting. For obese critically ill patients, these 
formulas are entirely inadequate in design to provide a high-
protein hypocaloric diet. For example, provision of 22–25 
calories/kg ideal body weight/day with 2.0–2.5 g/kg ideal body 
weight/day represents a 30–50:1 NPC:N, suggesting that a 
formula with a much lower NPC:N is needed for obese criti-
cally ill patients. Because fluid requirements may be higher in 
obesity, low-energy dense formulas (1 kcal/mL) may be more 
appropriate (454).

A baseline low-grade SIRS together with insulin resistance 
and metabolic syndrome may predispose obese patients to 
exaggerated immune responses when illness or injury neces-
sitates admission to the ICU (471). Intuitively, obese ICU 
patients might then benefit from various pharmaconutrient 
immune-modulating agents provided in a formula or as a sup-
plement (472). However, due to lack of outcome data, a recom-
mendation for their use cannot be made at this time.

Question: What are appropriate monitors to follow for the 
obese critically ill patient receiving early EN?
Q7. Based on expert consensus, we suggest additional 
monitoring to assess worsening of hyperglycemia, 
hyperlipidemia, hypercapnia, fluid overload, and 
hepatic fat accumulation in the obese critically ill 
patient receiving EN.

Rationale: Because of the intentional permissive underfeed-
ing of calories in the obese ICU patient, it is imperative to assess 
nutritional efficacy and follow intake and output, confirming 

receipt of the prescribed high-protein hypocaloric regimen. 
Repeating IC measurements and/or tracking the cumulative 
energy deficit to maintain energy provision at 65–70% of REE 
is important.

Obese ICU patients on nutrition therapy should be 
monitored to avoid worsening of hyperglycemia, hyperlip-
idemia, hypercapnia, fluid overload, and hepatic fat accu-
mulation, all of which may be present upon admission. 
The higher incidence of diabetes mellitus seen in obesity 
is magnified by post-receptor insulin resistance and accel-
erated gluconeogenesis induced by critical illness. The 
challenges of glycemic control are further complicated by 
overly aggressive nutrition support and by medications 
administered in the ICU setting such as catecholamines, 
exogenous glucocorticoids, and adrenergic agents (473). 
Tolerance of nutrition therapy may be monitored by fre-
quent serum glucose concentrations (particularly for the 
patient with diabetes or stress-induced hyperglycemia), 
serum triglyceride concentrations (especially if receiving 
IVFE), arterial blood gases for mechanically ventilated 
patients (in order to detect nutrition-related hypercapnia 
or to assess readiness for weaning), fluid status to detect 
volume overload, serial serum electrolytes, and blood urea 
nitrogen for patients receiving hypocaloric, high-protein 
nutrition support (especially in the setting of compro-
mised renal function).

Question: Does the obese ICU patient with a history of 
bariatric surgery or other malabsorptive condition require any 
additional supplementation of micronutrients when starting 
nutrition therapy?
Q8. Based on expert consensus, we suggest that the 
obese ICU patient with a history of bariatric surgery 
receive supplemental thiamine prior to initiating 
dextrose-containing IV fluids or nutrition therapy. In 
addition, evaluation for and treatment of micronutrient 
deficiencies such as calcium, thiamin, vitamin B

12, fat-
soluble vitamins (A, D, E, K), and folate, along with the 
trace minerals iron, selenium, zinc, and copper should 
be considered.

Rationale: Patients who have undergone procedures 
such as sleeve gastrectomy, gastric bypass, or biliopancre-
atic diversion (with or without duodenal switch) have an 
increased risk of micronutrient deficiency. Evaluation and 
repletion of these deficiency states is warranted in the criti-
cally ill patient. Nutrition and metabolic derangements are 
more commonly seen with malabsorptive procedures, such 
as biliopancreatic diversion and very long limb Roux-en-Y 
gastric bypass. It is critical to identify a possible thiamine 
deficiency prior to administration of dextrose-containing 
IV fluids. In addition, a daily multivitamin with iron and 
vitamin B

12
, along with calcium and vitamin D supplementa-

tion, is encouraged. Currently, there is no consensus on the 
optimal regimen for micronutrient supplementation (474). 
Once normalized, serum micronutrient levels should be 
monitored annually.
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R. NUTRITION THERAPY END-OF-LIFE 
SITUATIONS

Question: What is the role of artificial nutrition and hydra-
tion (ANH) in end-of-life situations?
R1. Based on expert consensus, we suggest that ANH 
is NOT obligatory in cases of futile care or end-of-life 
situations. The decision to provide ANH should be 
based on evidence, best practices, clinical experience 
and judgment, effective communication with the 
patient, family and/or authorized surrogate decision-
maker, and respect for patient autonomy and dignity.

Rationale: Neither EN nor PN has been defined to include 
basic IV hydration, but in the ethics literature, it is often 
considered part of the same treatment type, referred to as  
ANH (475).

Dehydration and poor oral intake are well tolerated and 
generate little symptomatology in the vast majority of termi-
nally ill patients, although a reduction in patient volitional 
intake is often a source of anxiety for care providers and 
families (476, 477). This anxiety should be anticipated and 
accurately addressed by the caregiver to help dispel misper-
ceptions and decrease emotional distress. Cultural, ethnic, 
religious, or individual patient issues may supersede scientific 
evidence, in some circumstances necessitating the delivery of 
ANH. In this unfortunate situation, there has been little data 
to clearly define the benefits and harm of ANH in terminally 
ill patients (478). ANH does not improve outcomes in ter-
minally ill patients and may at times increase patient distress 
(see HPNA Position Statement 2011 at http://www.hpna.org/
DisplayPage.aspx?Title = Position%20Statements, accessed on 
November 9, 2014) (476). Though high-quality studies in ter-
minally ill patients are difficult to perform, Bruera published a 
well-designed multicenter double-blind RCT concluding that 
IV hydration, 1 liter per day, did not improve quality of life, 
symptoms, or survival, compared to placebo (479).

Scientific, ethical, and legal perspectives indicate that there is 
no differentiation between withholding or withdrawing ANH 
(475). Numerous professional organizations have published 
guidelines or position statements to help guide healthcare 
providers on the ethical considerations involved in deciding 
whether to initiate, continue, or forgo ANH (475, 480). Several 
themes remain constant: clear communication between pro-
viders, patients, family, or surrogate decision-makers; respect 
for dignity and patient autonomy; setting realistic goals of 
therapy; involvement of an interdisciplinary ethics committee 
or panel consultation when issues cannot be resolved; continu-
ing care until any conflict around ANH is resolved; transfer-
ring care to equally qualified, willing practitioners if conflict 
cannot be resolved; and at no time should patients or families 
feel abandoned.

ACKNOWLEDGMENTS
The committee would like to thank Sarah Kraus for her 
insights and never-ending support. The Canadian Clinical 
Practice Guidelines (CPGs) (21) served as an indispensable 
reference source and a valuable model for the organization 

of the topics included in this document. Many of the tables 
were adapted from these CPGs. The committee would like to 
thank the SCCM Executive Council and Council Members 
for their input and review of the manuscript, and lastly the 
A.S.P.E.N. Board of Directors Providing Final Approval: Daniel 
Teitelbaum, MD; Ainsley Malone MS, RD, CNSC; Phil Ayers, 
PharmD, BCNSP, FASHP; Albert Barrocas, MD, FACS, FAS-
PEN; Bryan Collier, DO, CNSC, FACS; M. Molly McMahon, 
MD; Nilesh M. Mehta, MD; Lawrence A. Robinson, BS, MS, 
PharmD; Jennifer A. Wooley, MS, RD, CNSC; and Charles W. 
Van Way III, MD, FASPEN.

REFERENCES:
 1. McClave SA, Martindale RG, Vanek VW, et al; A.S.P.E.N. Board of 

Directors; American College of Critical Care Medicine; Society of 
Critical Care Medicine: Guidelines for the Provision and Assessment 
of Nutrition Support Therapy in the Adult Critically Ill Patient: Society 
of Critical Care Medicine (SCCM) and American Society for Paren-
teral and Enteral Nutrition (A.S.P.E.N.). JPEN J Parenter Enteral Nutr 
2009; 33:277–316

 2. Dhaliwal R, Cahill N, Lemieux M, et al: The Canadian critical care nutri-
tion guidelines in 2013: an update on current recommendations and 
implementation strategies. Nutr Clin Pract 2014; 29:29–43

 3. Review Manager. Version 5.2. 2012.
 4. Schunemann H, Brozek J, Oxman AD: GRADE handbook for grad-

ing quality of evidence and strength of recommendation. http://
www.cc-ims.net/gradepro. Updated 2009. Accessed September 
27, 2013.

 5. Guyatt GH, Oxman AD, Kunz R, et al: GRADE guidelines: 2. Framing 
the question and deciding on important outcomes. J Clin Epidemiol 
2011; 64:395–400

 6. Guyatt GH, Oxman AD, Vist G, et al: GRADE guidelines: 4. Rating 
the quality of evidence–study limitations (risk of bias). J Clin Epide-
miol 2011; 64:407–415

 7. Guyatt GH, Oxman AD, Schünemann HJ, et al: GRADE guidelines: 
a new series of articles in the Journal of Clinical Epidemiology. J Clin 
Epidemiol 2011; 64:380–382

 8. GRADEpro. Version 3.2 for Windows. 2008.
 9. Vehe KL, Brown RO, Kuhl DA, et al: The prognostic inflammatory and 

nutritional index in traumatized patients receiving enteral nutrition sup-
port. J Am Coll Nutr 1991; 10:355–363

 10. Jensen GL, Compher C, Sullivan DH, et al: Recognizing malnutri-
tion in adults: definitions and characteristics, screening, assess-
ment, and team approach. JPEN J Parenter Enteral Nutr 2013; 
37:802–807

 11. White JV, Guenter P, Jensen G, et al; Academy of Nutrition and Dietet-
ics Malnutrition Work Group; A.S.P.E.N. Malnutrition Task Force; 
A.S.P.E.N. Board of Directors: Consensus statement of the Acad-
emy of Nutrition and Dietetics/American Society for Parenteral and 
Enteral Nutrition: characteristics recommended for the identification 
and documentation of adult malnutrition (undernutrition). J Acad Nutr 
Diet 2012; 112:730–738

 12. Anthony PS: Nutrition screening tools for hospitalized patients. Nutr 
Clin Pract 2008; 23:373–382

 13. Heyland DK, Dhaliwal R, Jiang X, et al: Identifying critically ill patients 
who benefit the most from nutrition therapy: the development and 
initial validation of a novel risk assessment tool. Crit Care 2011; 
15:R268

 14. Hübner M, Cerantola Y, Grass F, et al: Preoperative immunonutrition 
in patients at nutritional risk: results of a double-blinded randomized 
clinical trial. Eur J Clin Nutr 2012; 66:850–855

 15. Korfali G, Gündoğdu H, Aydintuğ S, et al: Nutritional risk of hospital-
ized patients in Turkey. Clin Nutr 2009; 28:533–537

 16. Kondrup J, Rasmussen HH, Hamberg O, et al; Ad Hoc ESPEN 
Working Group: Nutritional risk screening (NRS 2002): a new 
method based on an analysis of controlled clinical trials. Clin Nutr 
2003; 22:321–336

CCMV44N2_Text.indb   427 1/6/2016   7:53:44 PM



Taylor et al

428 www.ccmjournal.org	 February	2016	•	Volume	44	•	Number	2

 17. Kondrup J, Johansen N, Plum LM, et al: Incidence of nutritional risk 
and causes of inadequate nutritional care in hospitals. Clin Nutr 
2002; 21:461–468

 18. Jie B, Jiang ZM, Nolan MT, et al: Impact of preoperative nutritional 
support on clinical outcome in abdominal surgical patients at nutri-
tional risk. Nutrition 2012; 28:1022–1027

 19. Heyland DK, Dhaliwal R, Wang M, et al: The prevalence of iatrogenic 
underfeeding in the nutritionally ‘at-risk’ critically ill patient: Results 
of an international, multicenter, prospective study. Clin Nutr 2015; 
34:659–666

 20. Davis CJ, Sowa D, Keim KS, et al: The use of prealbumin and C-reac-
tive protein for monitoring nutrition support in adult patients receiving 
enteral nutrition in an urban medical center. JPEN J Parenter Enteral 
Nutr 2012; 36:197–204

 21. Raguso CA, Dupertuis YM, Pichard C: The role of visceral proteins in 
the nutritional assessment of intensive care unit patients. Curr Opin 
Clin Nutr Metab Care 2003; 6:211–216

 22. Barber L, Barrett R, Lichtwark G: Validity and reliability of a simple 
ultrasound approach to measure medial gastrocnemius muscle 
length. J Anat 2011; 218:637–642

 23. Mourtzakis M, Wischmeyer P: Bedside ultrasound measurement of 
skeletal muscle. Curr Opin Clin Nutr Metab Care 2014; 17:389–395

 24. Baracos V, Kazemi-Bajestani SM: Clinical outcomes related to mus-
cle mass in humans with cancer and catabolic illnesses. Int J Bio-
chem Cell Biol 2013; 45:2302–2308

 25. Puthucheary ZA, Rawal J, McPhail M, et al: Acute skeletal muscle 
wasting in critical illness. JAMA 2013; 310:1591–1600

 26. Schlein KM, Coulter SP: Best practices for determining resting energy 
expenditure in critically ill adults. Nutr Clin Pract 2014; 29:44–55

 27. Faisy C, Guerot E, Diehl JL, et al: Assessment of resting energy 
expenditure in mechanically ventilated patients. Am J Clin Nutr 2003; 
78:241–249

 28. Frankenfield DC, Coleman A, Alam S, et al: Analysis of estimation 
methods for resting metabolic rate in critically ill adults. JPEN J Par-
enter Enteral Nutr 2009; 33:27–36

 29. Ireton-Jones C, Jones JD: Improved equations for predicting energy 
expenditure in patients: the Ireton-Jones Equations. Nutr Clin Pract 
2002; 17:29–31

 30. Mifflin MD, St Jeor ST, Hill LA, et al: A new predictive equation for 
resting energy expenditure in healthy individuals. Am J Clin Nutr 
1990; 51:241–247

 31. Stucky CC, Moncure M, Hise M, et al: How accurate are resting 
energy expenditure prediction equations in obese trauma and burn 
patients? JPEN J Parenter Enteral Nutr 2008; 32:420–426

 32. Neelemaat F, van Bokhorst-de van der Schueren MA, Thijs A, et al: 
Resting energy expenditure in malnourished older patients at hospi-
tal admission and three months after discharge: predictive equations 
versus measurements. Clin Nutr 2012; 31:958–966

 33. Anderegg BA, Worrall C, Barbour E, et al: Comparison of resting 
energy expenditure prediction methods with measured resting energy 
expenditure in obese, hospitalized adults. JPEN J Parenter Enteral 
Nutr 2009; 33:168–175

 34. Frankenfield DC, Ashcraft CM, Galvan DA: Prediction of resting met-
abolic rate in critically ill patients at the extremes of body mass index. 
JPEN J Parenter Enteral Nutr 2013; 37:361–367

 35. Kross EK, Sena M, Schmidt K, et al: A comparison of predictive equa-
tions of energy expenditure and measured energy expenditure in criti-
cally ill patients. J Crit Care 2012; 27:321.e5–321.12

 36. Frankenfield DC, Ashcraft CM: Estimating energy needs in nutrition 
support patients. JPEN J Parenter Enteral Nutr 2011; 35:563–570

 37. Boullata J, Williams J, Cottrell F, et al: Accurate determination of 
energy needs in hospitalized patients. J Am Diet Assoc 2007; 
107:393–401

 38. Saffle JR, Larson CM, Sullivan J: A randomized trial of indirect calo-
rimetry-based feedings in thermal injury. J Trauma 1990; 30:776–82; 
discussion 782

 39. Singer P, Anbar R, Cohen J, et al: The tight calorie control study 
(TICACOS): a prospective, randomized, controlled pilot study of 
nutritional support in critically ill patients. Intensive Care Med 2011; 
37:601–609

 40. Frankenfield DC, Ashcraft CM: Description and prediction of resting 
metabolic rate after stroke and traumatic brain injury. Nutrition 2012; 
28:906–911

 41. Biolo G: Protein metabolism and requirements. World Rev Nutr Diet 
2013; 105:12–20

 42. Dickerson RN, Pitts SL, Maish GO 3rd, et al: A reappraisal of nitrogen 
requirements for patients with critical illness and trauma. J Trauma 
Acute Care Surg 2012; 73:549–557

 43. Stroud M: Protein and the critically ill; do we know what to give? Proc 
Nutr Soc 2007; 66:378–383

 44. Kang W, Kudsk KA: Is there evidence that the gut contributes to 
mucosal immunity in humans? JPEN J Parenter Enteral Nutr 2007; 
31:246–258

 45. Kudsk KA: Current aspects of mucosal immunology and its influence 
by nutrition. Am J Surg 2002; 183:390–398

 46. Jabbar A, Chang WK, Dryden GW, et al: Gut immunology and the 
differential response to feeding and starvation. Nutr Clin Pract 2003; 
18:461–482

 47. Windsor AC, Kanwar S, Li AG, et al: Compared with parenteral 
nutrition, enteral feeding attenuates the acute phase response and 
improves disease severity in acute pancreatitis. Gut 1998; 42: 
431–435

 48. Ammori BJ: Importance of the early increase in intestinal perme-
ability in critically ill patients. Eur J Surg 2002; 168:660–1; author  
reply 662

 49. Heyland DK, Dhaliwal R, Drover JW, et al; Canadian Critical Care 
Clinical Practice Guidelines Committee: Canadian clinical prac-
tice guidelines for nutrition support in mechanically ventilated, 
critically ill adult patients. JPEN J Parenter Enteral Nutr 2003; 
27:355–373

 50. Marik PE, Zaloga GP: Early enteral nutrition in acutely ill patients: a 
systematic review. Crit Care Med 2001; 29:2264–2270

 51. Doig GS, Heighes PT, Simpson F, et al: Early enteral nutrition, 
provided within 24 h of injury or intensive care unit admission, sig-
nificantly reduces mortality in critically ill patients: a meta-analysis 
of randomised controlled trials. Intensive Care Med 2009; 35: 
2018–2027

 52. Kudsk KA, Minard G, Croce MA, et al: A randomized trial of isonitrog-
enous enteral diets after severe trauma. An immune-enhancing diet 
reduces septic complications. Ann Surg 1996; 224:531–40; discus-
sion 540

 53. Kalfarentzos F, Kehagias J, Mead N, et al: Enteral nutrition is superior 
to parenteral nutrition in severe acute pancreatitis: results of a ran-
domized prospective trial. Br J Surg 1997; 84:1665–1669

 54. Chourdakis M, Kraus MM, Tzellos T, et al: Effect of early compared 
with delayed enteral nutrition on endocrine function in patients with 
traumatic brain injury: an open-labeled randomized trial. JPEN J Par-
enter Enteral Nutr 2012; 36:108–116

 55. Braunschweig CL, Levy P, Sheean PM, et al: Enteral compared with 
parenteral nutrition: a meta-analysis. Am J Clin Nutr 2001; 74:534–542

 56. Gramlich L, Kichian K, Pinilla J, et al: Does enteral nutrition com-
pared to parenteral nutrition result in better outcomes in critically ill 
adult patients? A systematic review of the literature. Nutrition 2004; 
20:843–848

 57. Peter JV, Moran JL, Phillips-Hughes J: A metaanalysis of treatment 
outcomes of early enteral versus early parenteral nutrition in hospital-
ized patients. Crit Care Med 2005; 33:213–20; discussion 260

 58. Moore FA, Feliciano DV, Andrassy RJ, et al: Early enteral feed-
ing, compared with parenteral, reduces postoperative septic 
complications. The results of a meta-analysis. Ann Surg 1992; 
216:172–183

 59. Simpson F, Doig GS: Parenteral vs. enteral nutrition in the critically ill 
patient: a meta-analysis of trials using the intention to treat principle. 
Intensive Care Med 2005; 31:12–23

 60. Adams S, Dellinger EP, Wertz MJ, et al: Enteral versus parenteral 
nutritional support following laparotomy for trauma: a randomized pro-
spective trial. J Trauma 1986; 26:882–891

 61. Casas M, Mora J, Fort E, et al: [Total enteral nutrition vs. total par-
enteral nutrition in patients with severe acute pancreatitis]. Rev Esp 
Enferm Dig 2007; 99:264–269

CCMV44N2_Text.indb   428 1/6/2016   7:53:45 PM



Special Article

Critical Care Medicine www.ccmjournal.org 429

 62. Dunham CM, Frankenfield D, Belzberg H, et al: Gut failure–predictor 
of or contributor to mortality in mechanically ventilated blunt trauma 
patients? J Trauma 1994; 37:30–34

 63. Chen F, Wang J, Jiang Y. Influence of different routes of nutrition on 
respiratory muscle strength and outcome of elderly patients in respira-
tory intensive care unit. Chinese J Clin Nutrition 2011; 1:7–11.

 64. Kudsk KA, Croce MA, Fabian TC, et al: Enteral versus parenteral feed-
ing. Effects on septic morbidity after blunt and penetrating abdominal 
trauma. Ann Surg 1992; 215:503–11; discussion 511

 65. Kudsk KA, Minard G, Wojtysiak SL, et al: Visceral protein response to 
enteral versus parenteral nutrition and sepsis in patients with trauma. 
Surgery 1994; 116:516–523

 66. Peterson VM, Moore EE, Jones TN, et al: Total enteral nutrition versus 
total parenteral nutrition after major torso injury: attenuation of hepatic 
protein reprioritization. Surgery 1988; 104:199–207

 67. Rapp RP, Young B, Twyman D, et al: The favorable effect of early 
parenteral feeding on survival in head-injured patients. J Neurosurg 
1983; 58:906–912

 68. Woodcock NP, Zeigler D, Palmer MD, et al: Enteral versus parenteral 
nutrition: a pragmatic study. Nutrition 2001; 17:1–12

 69. Young B, Ott L, Haack D, et al: Effect of total parenteral nutrition upon 
intracranial pressure in severe head injury. J Neurosurg 1987; 67:76–80

 70. Stechmiller JK, Treloar D, Allen N: Gut dysfunction in critically ill 
patients: a review of the literature. Am J Crit Care 1997; 6:204–209

 71. Reintam A, Parm P, Kitus R, et al: Gastrointestinal symptoms in inten-
sive care patients. Acta Anaesthesiol Scand 2009; 53:318–324

 72. Nguyen T, Frenette AJ, Johanson C, et al: Impaired gastrointestinal 
transit and its associated morbidity in the intensive care unit. J Crit 
Care 2013; 28:537.e11–537.e17

 73. Davies AR, Morrison SS, Bailey MJ, et al; ENTERIC Study Investiga-
tors; ANZICS Clinical Trials Group: A multicenter, randomized con-
trolled trial comparing early nasojejunal with nasogastric nutrition in 
critical illness. Crit Care Med 2012; 40:2342–2348

 74. Acosta-Escribano J, Fernández-Vivas M, Grau Carmona T, et al: 
Gastric versus transpyloric feeding in severe traumatic brain 
injury: a prospective, randomized trial. Intensive Care Med 2010; 
36:1532–1539

 75. Hsu CW, Sun SF, Lin SL, et al: Duodenal versus gastric feeding in 
medical intensive care unit patients: a prospective, randomized, clini-
cal study. Crit Care Med 2009; 37:1866–1872

 76. Kearns PJ, Chin D, Mueller L, et al: The incidence of ventilator-associ-
ated pneumonia and success in nutrient delivery with gastric versus 
small intestinal feeding: a randomized clinical trial. Crit Care Med 
2000; 28:1742–1746

 77. Montecalvo MA, Steger KA, Farber HW, et al: Nutritional outcome 
and pneumonia in critical care patients randomized to gastric versus 
jejunal tube feedings. The Critical Care Research Team. Crit Care 
Med 1992; 20:1377–1387

 78. Montejo JC, Grau T, Acosta J, et al; Nutritional and Metabolic Working 
Group of the Spanish Society of Intensive Care Medicine and Coro-
nary Units: Multicenter, prospective, randomized, single-blind study 
comparing the efficacy and gastrointestinal complications of early 
jejunal feeding with early gastric feeding in critically ill patients. Crit 
Care Med 2002; 30:796–800

 79. Kortbeek JB, Haigh PI, Doig C: Duodenal versus gastric feeding 
in ventilated blunt trauma patients: a randomized controlled trial.  
J Trauma 1999; 46:992–6; discussion 996

 80. Taylor SJ, Fettes SB, Jewkes C, et al: Prospective, randomized, con-
trolled trial to determine the effect of early enhanced enteral nutrition 
on clinical outcome in mechanically ventilated patients suffering head 
injury. Crit Care Med 1999; 27:2525–2531

 81. Minard G, Kudsk KA, Melton S, et al: Early versus delayed feeding 
with an immune-enhancing diet in patients with severe head injuries. 
JPEN J Parenter Enteral Nutr 2000; 24:145–149

 82. Day L, Stotts NA, Frankfurt A, et al: Gastric versus duodenal feeding 
in patients with neurological disease: A pilot study. J Neurosci Nurs 
2001; 33(3):148–9, 155–9.

 83. Davies AR, Froomes PR, French CJ, et al: Randomized comparison of 
nasojejunal and nasogastric feeding in critically ill patients. Crit Care 
Med 2002; 30:586–590

 84. White H, Sosnowski K, Tran K, et al: A randomised controlled com-
parison of early post-pyloric versus early gastric feeding to meet 
nutritional targets in ventilated intensive care patients. Crit Care 
2009; 13:R187

 85. McClave SA, Chang WK: Feeding the hypotensive patient: does 
enteral feeding precipitate or protect against ischemic bowel? Nutr 
Clin Pract 2003; 18:279–284

 86. Khalid I, Doshi P, DiGiovine B: Early enteral nutrition and outcomes 
of critically ill patients treated with vasopressors and mechanical 
ventilation. Am J Crit Care 2010; 19:261–268

 87. National Heart, Lung, and Blood Institute Acute Respiratory Distress 
Syndrome (ARDS) Clinical Trials Network, Rice TW, Wheeler AP, 
et al: Initial trophic vs full enteral feeding in patients with acute lung 
injury: The EDEN randomized trial. JAMA 2012; 307(8):795–803.

 88. Rice TW, Mogan S, Hays MA, et al: Randomized trial of initial trophic 
versus full-energy enteral nutrition in mechanically ventilated patients 
with acute respiratory failure. Crit Care Med 2011; 39:967–974

 89. Hiesmayr M, Schindler K, Pernicka E, et al; NutritionDay Audit 
Team: Decreased food intake is a risk factor for mortality in hos-
pitalised patients: the NutritionDay survey 2006. Clin Nutr 2009; 
28:484–491

 90. Heyland DK, Stephens KE, Day AG, et al: The success of enteral 
nutrition and ICU-acquired infections: a multicenter observational 
study. Clin Nutr 2011; 30:148–155

 91. Weijs PJ, Sauerwein HP, Kondrup J: Protein recommendations in the 
ICU: g protein/kg body weight - which body weight for underweight 
and obese patients? Clin Nutr 2012; 31:774–775

 92. Allingstrup MJ, Esmailzadeh N, Wilkens Knudsen A, et al: Provision 
of protein and energy in relation to measured requirements in inten-
sive care patients. Clin Nutr 2012; 31:462–468

 93. Clifton GL, Robertson CS, Contant CF: Enteral hyperalimentation in 
head injury. J Neurosurg 1985; 62:186–193

 94. Scheinkestel CD, Kar L, Marshall K, et al: Prospective random-
ized trial to assess caloric and protein needs of critically Ill, anuric, 
ventilated patients requiring continuous renal replacement therapy. 
Nutrition 2003; 19:909–916

 95. Plank LD: Protein for the critically ill patient–what and when? Eur J 
Clin Nutr 2013; 67:565–568

 96. Metheny NA, Stewart BJ, Mills AC: Blind insertion of feeding tubes 
in intensive care units: a national survey. Am J Crit Care 2012; 
21:352–360

 97. McClave SA, Sexton LK, Spain DA, et al: Enteral tube feeding in the 
intensive care unit: factors impeding adequate delivery. Crit Care 
Med 1999; 27:1252–1256

 98. Chung CK, Whitney R, Thompson CM, et al: Experience with an 
enteral-based nutritional support regimen in critically ill trauma 
patients. J Am Coll Surg 2013; 217:1108–1117

 99. Passier RH, Davies AR, Ridley E, et al: Periprocedural cessation of 
nutrition in the intensive care unit: opportunities for improvement. 
Intensive Care Med 2013; 39:1221–1226

 100. Jenkins ME, Gottschlich MM, Warden GD: Enteral feeding during 
operative procedures in thermal injuries. J Burn Care Rehabil 1994; 
15:199–205

 101. Caddell KA, Martindale R, McClave SA, et al: Can the intestinal dys-
motility of critical illness be differentiated from postoperative ileus? 
Curr Gastroenterol Rep 2011; 13:358–367

 102. Montejo JC, Miñambres E, Bordejé L, et al: Gastric residual vol-
ume during enteral nutrition in ICU patients: the REGANE study. 
Intensive Care Med 2010; 36:1386–1393

 103. Pinilla JC, Samphire J, Arnold C, et al: Comparison of gastrointesti-
nal tolerance to two enteral feeding protocols in critically ill patients: 
a prospective, randomized controlled trial. JPEN J Parenter Enteral 
Nutr 2001; 25:81–86

 104. McClave SA, DeMeo MT, DeLegge MH, et al: North American 
Summit on Aspiration in the Critically Ill Patient: consensus state-
ment. JPEN J Parenter Enteral Nutr 2002; 26:S80–S85

 105. Nguyen NQ, Bryant LK, Burgstad CM, et al: Gastric emptying mea-
surement of liquid nutrients using the (13)C-octanoate breath test in 
critically ill patients: a comparison with scintigraphy. Intensive Care 
Med 2013; 39:1238–1246

CCMV44N2_Text.indb   429 1/6/2016   7:53:45 PM



Taylor et al

430 www.ccmjournal.org	 February	2016	•	Volume	44	•	Number	2

 106. Tarling MM, Toner CC, Withington PS, et al: A model of gastric 
emptying using paracetamol absorption in intensive care patients. 
Intensive Care Med 1997; 23:256–260

 107. Landzinski J, Kiser TH, Fish DN, et al: Gastric motility function in 
critically ill patients tolerant vs intolerant to gastric nutrition. JPEN J 
Parenter Enteral Nutr 2008; 32:45–50

 108. Cohen J, Aharon A, Singer P: The paracetamol absorption test: a 
useful addition to the enteral nutrition algorithm? Clin Nutr 2000; 
19:233–236

 109. McClave SA, Lukan JK, Stefater JA, et al: Poor validity of residual 
volumes as a marker for risk of aspiration in critically ill patients. Crit 
Care Med 2005; 33:324–330

 110. Powell KS, Marcuard SP, Farrior ES, et al: Aspirating gastric residu-
als causes occlusion of small-bore feeding tubes. JPEN J Parenter 
Enteral Nutr 1993; 17:243–246

 111. Poulard F, Dimet J, Martin-Lefevre L, et al: Impact of not measuring 
residual gastric volume in mechanically ventilated patients receiv-
ing early enteral feeding: a prospective before-after study. JPEN J 
Parenter Enteral Nutr 2010; 34:125–130

 112. Reignier J, Mercier E, Le Gouge A, et al; Clinical Research in 
Intensive Care and Sepsis (CRICS) Group: Effect of not moni-
toring residual gastric volume on risk of ventilator-associated 
pneumonia in adults receiving mechanical ventilation and early 
enteral feeding: a randomized controlled trial. JAMA 2013; 
309:249–256

 113. Kozar RA, McQuiggan MM, Moore EE, et al: Postinjury enteral toler-
ance is reliably achieved by a standardized protocol. J Surg Res 
2002; 104:70–75

 114. Doig GS, Simpson F, Finfer S, et al; Nutrition Guidelines Investigators 
of the ANZICS Clinical Trials Group: Effect of evidence-based feed-
ing guidelines on mortality of critically ill adults: a cluster randomized 
controlled trial. JAMA 2008; 300:2731–2741

 115. Barr J, Hecht M, Flavin KE, et al: Outcomes in critically ill patients 
before and after the implementation of an evidence-based nutritional 
management protocol. Chest 2004; 125:1446–1457

 116. Heyland DK, Murch L, Cahill N, et al: Enhanced protein-energy 
provision via the enteral route feeding protocol in critically ill 
patients: results of a cluster randomized trial. Crit Care Med 2013; 
41:2743–2753

 117. Spain DA, McClave SA, Sexton LK, et al: Infusion protocol improves 
delivery of enteral tube feeding in the critical care unit. JPEN J 
Parenter Enteral Nutr 1999; 23:288–292

 118. Elpern EH: Pulmonary aspiration in hospitalized adults. Nutr Clin 
Pract 1997; 12:5–13

 119. Marik PE: Aspiration pneumonitis and aspiration pneumonia. N Engl 
J Med 2001; 344:665–671

 120. Bonten MJ, Gaillard CA, van Tiel FH, et al: The stomach is not a 
source for colonization of the upper respiratory tract and pneumonia 
in ICU patients. Chest 1994; 105:878–884

 121. Heyland DK, Drover JW, MacDonald S, et al: Effect of postpyloric 
feeding on gastroesophageal regurgitation and pulmonary micro-
aspiration: results of a randomized controlled trial. Crit Care Med 
2001; 29:1495–1501

 122. Lien HC, Chang CS, Chen GH: Can percutaneous endo-
scopic jejunostomy prevent gastroesophageal reflux in patients 
with preexisting esophagitis? Am J Gastroenterol 2000; 95: 
3439–3443

 123. Ibrahim EH, Mehringer L, Prentice D, et al: Early versus late enteral 
feeding of mechanically ventilated patients: results of a clinical trial. 
JPEN J Parenter Enteral Nutr 2002; 26:174–181

 124. MacLeod JB, Lefton J, Houghton D, et al: Prospective randomized 
control trial of intermittent versus continuous gastric feeds for criti-
cally ill trauma patients. J Trauma 2007; 63:57–61

 125. Bonten MJ, Gaillard CA, van der Hulst R, et al: Intermittent enteral 
feeding: the influence on respiratory and digestive tract colonization 
in mechanically ventilated intensive-care-unit patients. Am J Respir 
Crit Care Med 1996; 154:394–399

 126. Steevens EC, Lipscomb AF, Poole GV, et al: Comparison of continu-
ous vs intermittent nasogastric enteral feeding in trauma patients: 
perceptions and practice. Nutr Clin Pract 2002; 17:118–122

 127. Hiebert JM, Brown A, Anderson RG, et al: Comparison of continu-
ous vs intermittent tube feedings in adult burn patients. JPEN J 
Parenter Enteral Nutr 1981; 5:73–75

 128. Kocan MJ, Hickisch SM: A comparison of continuous and intermittent 
enteral nutrition in NICU patients. J Neurosci Nurs 1986; 18:333–337

 129. Ciocon JO, Galindo-Ciocon DJ, Tiessen C, et al: Continuous com-
pared with intermittent tube feeding in the elderly. JPEN J Parenter 
Enteral Nutr 1992; 16:525–528

 130. Berne JD, Norwood SH, McAuley CE, et al: Erythromycin reduces 
delayed gastric emptying in critically ill trauma patients: a random-
ized, controlled trial. J Trauma 2002; 53:422–425

 131. Chapman MJ, Fraser RJ, Kluger MT, et al: Erythromycin improves 
gastric emptying in critically ill patients intolerant of nasogastric 
feeding. Crit Care Med 2000; 28:2334–2337

 132. Meissner W, Dohrn B, Reinhart K: Enteral naloxone reduces gastric 
tube reflux and frequency of pneumonia in critical care patients dur-
ing opioid analgesia. Crit Care Med 2003; 31:776–780

 133. Nguyen NQ, Chapman M, Fraser RJ, et al: Prokinetic therapy for 
feed intolerance in critical illness: one drug or two? Crit Care Med 
2007; 35:2561–2567

 134. Nursal TZ, Erdogan B, Noyan T, et al: The effect of metoclopramide 
on gastric emptying in traumatic brain injury. J Clin Neurosci 2007; 
14:344–348

 135. Yavagal DR, Karnad DR, Oak JL: Metoclopramide for prevent-
ing pneumonia in critically ill patients receiving enteral tube 
feeding: a randomized controlled trial. Crit Care Med 2000; 
28:1408–1411

 136. Reignier J, Bensaid S, Perrin-Gachadoat D, et al: Erythromycin and 
early enteral nutrition in mechanically ventilated patients. Crit Care 
Med 2002; 30:1237–1241

 137. MacLaren R, Kiser TH, Fish DN, et al: Erythromycin vs metoclo-
pramide for facilitating gastric emptying and tolerance to intragastric 
nutrition in critically ill patients. JPEN J Parenter Enteral Nutr 2008; 
32:412–419

 138. Al-Khatib SM, LaPointe NM, Kramer JM, et al: What clinicians should 
know about the QT interval. JAMA 2003; 289:2120–2127

 139. Li EC, Esterly JS, Pohl S, et al: Drug-induced QT-interval prolon-
gation: considerations for clinicians. Pharmacotherapy 2010; 
30:684–701

 140. Drakulovic MB, Torres A, Bauer TT, et al: Supine body position as 
a risk factor for nosocomial pneumonia in mechanically ventilated 
patients: a randomised trial. Lancet 1999; 354:1851–1858

 141. van Nieuwenhoven CA, Vandenbroucke-Grauls C, van Tiel FH, et al: 
Feasibility and effects of the semirecumbent position to prevent ven-
tilator-associated pneumonia: a randomized study. Crit Care Med 
2006; 34:396–402

 142. DeRiso AJ 2nd, Ladowski JS, Dillon TA, et al: Chlorhexidine 
gluconate 0.12% oral rinse reduces the incidence of total nos-
ocomial respiratory infection and nonprophylactic systemic anti-
biotic use in patients undergoing heart surgery. Chest 1996; 
109:1556–1561

 143. Houston S, Hougland P, Anderson JJ, et al: Effectiveness of 0.12% 
chlorhexidine gluconate oral rinse in reducing prevalence of nosoco-
mial pneumonia in patients undergoing heart surgery. Am J Crit Care 
2002; 11:567–570

 144. Simmons-Trau D, Cenek P, Counterman J, et al: Reducing VAP with 
6 Sigma. Nurs Manage 2004; 35:41–45

 145. Zack JE, Garrison T, Trovillion E, et al: Effect of an education pro-
gram aimed at reducing the occurrence of ventilator-associated 
pneumonia. Crit Care Med 2002; 30:2407–2412

 146. Kollef MH: Prevention of hospital-associated pneumonia and ventila-
tor-associated pneumonia. Crit Care Med 2004; 32:1396–1405

 147. Maloney J, Metheny N: Controversy in using blue dye in enteral tube 
feeding as a method of detecting pulmonary aspiration. Crit Care 
Nurse 2002; 22:84–85

 148. Maloney JP, Halbower AC, Fouty BF, et al: Systemic absorption of food 
dye in patients with sepsis. N Engl J Med 2000; 343:1047–1048

 149. Maloney JP, Ryan TA: Detection of aspiration in enterally fed patients: 
a requiem for bedside monitors of aspiration. JPEN J Parenter 
Enteral Nutr 2002; 26:S34–41; discussion S41

CCMV44N2_Text.indb   430 1/6/2016   7:53:45 PM



Special Article

Critical Care Medicine www.ccmjournal.org 431

 150. Koln-Keeth C, Frankel EH: Taking blue dye out of tube feedings. 
Nursing 2004; 34:14

 151. Metheny NA, Clouse RE: Bedside methods for detecting aspiration 
in tube-fed patients. Chest 1997; 111:724–731

 152. Chang SJ, Huang HH: Diarrhea in enterally fed patients: blame the 
diet? Curr Opin Clin Nutr Metab Care 2013; 16:588–594

 153. Rushdi TA, Pichard C, Khater YH: Control of diarrhea by fiber-
enriched diet in ICU patients on enteral nutrition: a prospective ran-
domized controlled trial. Clin Nutr 2004; 23:1344–1352

 154. Edes TE, Walk BE, Austin JL: Diarrhea in tube-fed patients: 
feeding formula not necessarily the cause. Am J Med 1990; 
88:91–93

 155. Halmos EP: Role of FODMAP content in enteral nutrition-associated 
diarrhea. J Gastroenterol Hepatol 2013; 28 Suppl 4:25–28

 156. Kenneally C, Rosini JM, Skrupky LP, et al: Analysis of 30-day mor-
tality for clostridium difficile-associated disease in the ICU setting. 
Chest 2007; 132:418–424

 157. Maroo S, Lamont JT: Recurrent clostridium difficile. Gastroenterology 
2006; 130:1311–1316

 158. Pacht ER, DeMichele SJ, Nelson JL, et al: Enteral nutrition with 
eicosapentaenoic acid, gamma-linolenic acid, and antioxidants 
reduces alveolar inflammatory mediators and protein influx in 
patients with acute respiratory distress syndrome. Crit Care Med 
2003; 31:491–500

 159. Kudsk KA, Moore FA: Consensus recommendations from the U.S. 
summit on immune-enhancing enteral therpay. JPEN J Parenter 
Enteral Nutr 2001; 25(Supplement):S61.

 160. Beale RJ, Sherry T, Lei K, et al: Early enteral supplementation 
with key pharmaconutrients improves Sequential Organ Failure 
Assessment score in critically ill patients with sepsis: outcome of 
a randomized, controlled, double-blind trial. Crit Care Med 2008; 
36:131–144

 161. Heys SD, Walker LG, Smith I, et al: Enteral nutritional supplementa-
tion with key nutrients in patients with critical illness and cancer: 
a meta-analysis of randomized controlled clinical trials. Ann Surg 
1999; 229:467–477

 162. Heyland DK, Novak F, Drover JW, et al: Should immunonutrition 
become routine in critically ill patients? A systematic review of the 
evidence. JAMA 2001; 286:944–953

 163. Gottschlich MM, Jenkins M, Warden GD, et al: Differential effects of 
three enteral dietary regimens on selected outcome variables in burn 
patients. JPEN J Parenter Enteral Nutr 1990; 14:225–236

 164. Cerra FB, Lehmann S, Konstantinides N, et al: Improvement in 
immune function in ICU patients by enteral nutrition supplemented 
with arginine, RNA, and menhaden oil is independent of nitrogen 
balance. Nutrition 1991; 7:193–199

 165. Bower RH, Cerra FB, Bershadsky B, et al: Early enteral administra-
tion of a formula (Impact) supplemented with arginine, nucleotides, 
and fish oil in intensive care unit patients: results of a multicenter, 
prospective, randomized, clinical trial. Crit Care Med 1995; 
23:436–449

 166. Rodrigo C, Garcia P: The effect of the composition of the enteral 
nutrition on infection in the critically ill patient. Nutrtion Hospital 
1997; 42(5):933–940.

 167. Engel JM, Menges T, Neuhauser C, Schaefer B, Hempelmann G: 
Effects of various feeding regimens in multiple trauma patients 
on septic complications and immune parameters. Anaesthesiol 
Intensivemed Notfallmed Schmerzther 1997; 32(4):531–540.

 168. Mendez C, Jurkovich GJ, Garcia I, et al: Effects of an immune-
enhancing diet in critically injured patients. J Trauma 1997; 42: 
933–40; discussion 940

 169. Weimann A, Bastian L, Bischoff WE, et al: Influence of arginine, 
omega-3 fatty acids and nucleotide-supplemented enteral sup-
port on systemic inflammatory response syndrome and multiple 
organ failure in patients after severe trauma. Nutrition 1998; 
14:165–172

 170. Atkinson S, Sieffert E, Bihari D: A prospective, randomized, double-
blind, controlled clinical trial of enteral immunonutrition in the criti-
cally ill. Guy’s Hospital Intensive Care Group. Crit Care Med 1998; 
26:1164–1172

 171. Galbán C, Montejo JC, Mesejo A, et al: An immune-enhancing enteral 
diet reduces mortality rate and episodes of bacteremia in septic 
intensive care unit patients. Crit Care Med 2000; 28:643–648

 172. Caparrós T, Lopez J, Grau T: Early enteral nutrition in critically ill 
patients with a high-protein diet enriched with arginine, fiber, and 
antioxidants compared with a standard high-protein diet. The effect 
on nosocomial infections and outcome. JPEN J Parenter Enteral 
Nutr 2001; 25:299–308; discussion 308

 173. Conejero R, Bonet A, Grau T, et al: Effect of a glutamine-enriched 
enteral diet on intestinal permeability and infectious morbidity at 28 
days in critically ill patients with systemic inflammatory response syn-
drome: a randomized, single-blind, prospective, multicenter study. 
Nutrition 2002; 18:716–721

 174. Chuntrasakul C, Siltham S, Sarasombath S, et al: Comparison of a 
immunonutrition formula enriched arginine, glutamine and omega-3 
fatty acid, with a currently high-enriched enteral nutrition for trauma 
patients. J Med Assoc Thai 2003; 86:552–561

 175. Kieft H, Roos AN, van Drunen JD, et al: Clinical outcome of immu-
nonutrition in a heterogeneous intensive care population. Intensive 
Care Med 2005; 31:524–532

 176. Pearce CB, Sadek SA, Walters AM, et al: A double-blind, ran-
domised, controlled trial to study the effects of an enteral feed 
supplemented with glutamine, arginine, and omega-3 fatty acid in 
predicted acute severe pancreatitis. JOP 2006; 7:361–371

 177. Kuhls DA, Rathmacher JA, Musngi MD, et al: Beta-hydroxy-beta-
methylbutyrate supplementation in critically ill trauma patients.  
J Trauma 2007; 62:125–31; discussion 131

 178. Tsuei BJ, Bernard AC, Barksdale AR, et al: Supplemental enteral 
arginine is metabolized to ornithine in injured patients. J Surg Res 
2005; 123:17–24

 179. Rice TW, Wheeler AP, Thompson BT, et al; NIH NHLBI Acute 
Respiratory Distress Syndrome Network of Investigators; NHLBI 
ARDS Clinical Trials Network: Enteral omega-3 fatty acid, gamma-
linolenic acid, and antioxidant supplementation in acute lung injury. 
JAMA 2011; 306:1574–1581

 180. Singer P, Theilla M, Fisher H, et al: Benefit of an enteral diet 
enriched with eicosapentaenoic acid and gamma-linolenic acid in 
ventilated patients with acute lung injury. Crit Care Med 2006; 
34:1033–1038

 181. Gadek JE, DeMichele SJ, Karlstad MD, et al: Effect of enteral 
feeding with eicosapentaenoic acid, gamma-linolenic acid, and 
antioxidants in patients with acute respiratory distress syndrome. 
Enteral Nutrition in ARDS Study Group. Crit Care Med 1999; 
27:1409–1420

 182. Grau-Carmona T, Morán-García V, García-de-Lorenzo A, et al: Effect 
of an enteral diet enriched with eicosapentaenoic acid, gamma-lin-
olenic acid and anti-oxidants on the outcome of mechanically venti-
lated, critically ill, septic patients. Clin Nutr 2011; 30:578–584

 183. Pontes-Arruda A, Aragão AM, Albuquerque JD: Effects of enteral 
feeding with eicosapentaenoic acid, gamma-linolenic acid, and anti-
oxidants in mechanically ventilated patients with severe sepsis and 
septic shock. Crit Care Med 2006; 34:2325–2333

 184. Stapleton RD, Martin TR, Weiss NS, et al: A phase II randomized 
placebo-controlled trial of omega-3 fatty acids for the treatment of 
acute lung injury. Crit Care Med 2011; 39:1655–1662

 185. McIvor AC, Meguid MM, Curtas S, et al: Intestinal obstruction from 
cecal bezoar; a complication of fiber-containing tube feedings. 
Nutrition 1990; 6:115–117

 186. Scaife CL, Saffle JR, Morris SE: Intestinal obstruction second-
ary to enteral feedings in burn trauma patients. J Trauma 1999; 
47:859–863

 187. Chittawatanarat K, Pokawinpudisnun P, Polbhakdee Y: Mixed fibers 
diet in surgical ICU septic patients. Asia Pac J Clin Nutr 2010; 
19:458–464

 188. Dobb GJ, Towler SC: Diarrhoea during enteral feeding in the criti-
cally ill: a comparison of feeds with and without fibre. Intensive Care 
Med 1990; 16:252–255

 189. Silk DB, Walters ER, Duncan HD, et al: The effect of a polymeric 
enteral formula supplemented with a mixture of six fibres on nor-
mal human bowel function and colonic motility. Clin Nutr 2001; 
20:49–58

CCMV44N2_Text.indb   431 1/6/2016   7:53:45 PM



Taylor et al

432 www.ccmjournal.org	 February	2016	•	Volume	44	•	Number	2

 190. Cummings JH, Beatty ER, Kingman SM, et al: Digestion and physi-
ological properties of resistant starch in the human large bowel. Br J 
Nutr 1996; 75:733–747

 191. Kato Y, Nakao M, Iwasa M, Hasegawa S, Yamada K: Soluble fiber 
improves management of diarrhea in elderly patients receiving 
enteral nutrition. Food Nutr Sci 2012; 3:1547–1552.

 192. Shimizu K, Ogura H, Asahara T, et al: Gastrointestinal dysmotility 
is associated with altered gut flora and septic mortality in patients 
with severe systemic inflammatory response syndrome: a preliminary 
study. Neurogastroenterol Motil 2011; 23:330–5, e157

 193. Homann HH, Kemen M, Fuessenich C, et al: Reduction in diarrhea 
incidence by soluble fiber in patients receiving total or supplemental 
enteral nutrition. JPEN J Parenter Enteral Nutr 1994; 18:486–490

 194. Hart GK, Dobb GJ: Effect of a fecal bulking agent on diarrhea dur-
ing enteral feeding in the critically ill. JPEN J Parenter Enteral Nutr 
1988; 12:465–468

 195. Spapen H, Diltoer M, Van Malderen C, et al: Soluble fiber reduces 
the incidence of diarrhea in septic patients receiving total enteral 
nutrition: a prospective, double-blind, randomized, and controlled 
trial. Clin Nutr 2001; 20:301–305

 196. Heather DJ, Howell L, Montana M, et al: Effect of a bulk-form-
ing cathartic on diarrhea in tube-fed patients. Heart Lung 1991; 
20:409–413

 197. Karakan T, Ergun M, Dogan I, et al: Comparison of early enteral 
nutrition in severe acute pancreatitis with prebiotic fiber sup-
plementation versus standard enteral solution: a prospective 
randomized double-blind study. World J Gastroenterol 2007; 
13:2733–2737

 198. Alverdy J, Zaborina O, Wu L: The impact of stress and nutrition on 
bacterial-host interactions at the intestinal epithelial surface. Curr 
Opin Clin Nutr Metab Care 2005; 8:205–209

 199. Arvans DL, Vavricka SR, Ren H, et al: Luminal bacterial flora deter-
mines physiological expression of intestinal epithelial cytoprotective 
heat shock proteins 25 and 72. Am J Physiol Gastrointest Liver 
Physiol 2005; 288:G696–G704

 200. Bengmark S: Bioecologic control of inflammation and infection in 
critical illness. Anesthesiol Clin 2006; 24:299–323, vi

 201. Sartor RB: Microbial and dietary factors in the pathogenesis of 
chronic, immune-mediated intestinal inflammation. Adv Exp Med 
Biol 2006; 579:35–54

 202. Yan F, Cao H, Cover TL, et al: Soluble proteins produced by probi-
otic bacteria regulate intestinal epithelial cell survival and growth. 
Gastroenterology 2007; 132:562–575

 203. Morrow LE, Kollef MH, Casale TB: Probiotic prophylaxis of venti-
lator-associated pneumonia: a blinded, randomized, controlled trial. 
Am J Respir Crit Care Med 2010; 182:1058–1064

 204. Rayes N, Seehofer D, Theruvath T, et al: Effect of enteral nutrition 
and synbiotics on bacterial infection rates after pylorus-preserving 
pancreatoduodenectomy: a randomized, double-blind trial. Ann 
Surg 2007; 246:36–41

 205. Bo L, Jinbao Li, Bai Y, Xiaofei Y, Hotchkiss R, Kollef M, Xiaoming 
D: Probiotics for preventing ventilator-associated pneumonia. The 
Cochrane Library 2011 (April 13).

 206. Besselink MG, van Santvoort HC, Buskens E, et al; Dutch Acute 
Pancreatitis Study Group: Probiotic prophylaxis in predicted severe 
acute pancreatitis: a randomised, double-blind, placebo-controlled 
trial. Lancet 2008; 371:651–659

 207. Lherm T, Monet C, Nougière B, et al: Seven cases of fungemia with 
Saccharomyces boulardii in critically ill patients. Intensive Care Med 
2002; 28:797–801

 208. Barraud D, Bollaert PE, Gibot S: Impact of the administration of pro-
biotics on mortality in critically ill adult patients: a meta-analysis of 
randomized controlled trials. Chest 2013; 143:646–655

 209. Zhang Y, Chen J, Wu J, et al: Probiotic use in preventing postop-
erative infection in liver transplant patients. Hepatobiliary Surg Nutr 
2013; 2:142–147

 210. Rayes N, Seehofer D, Müller AR, et al: [Influence of probiotics and 
fibre on the incidence of bacterial infections following major abdomi-
nal surgery - results of a prospective trial]. Z Gastroenterol 2002; 
40:869–876

 211. Rayes N, Seehofer D, Hansen S, et al: Early enteral supply of lac-
tobacillus and fiber versus selective bowel decontamination: a 
controlled trial in liver transplant recipients. Transplantation 2002; 
74:123–127

 212. Gu WJ, Deng T, Gong YZ, et al: The effects of probiotics in early 
enteral nutrition on the outcomes of trauma: a meta-analysis of 
randomized controlled trials. JPEN J Parenter Enteral Nutr 2013; 
37:310–317

 213. Li K, Zhang CF, Xia YH, et al: [Efficacy of probiotics on ulcerative 
colitis and its mechanism]. Zhonghua Wei Chang Wai Ke Za Zhi 
2013; 16:336–339

 214. Pattani R, Palda VA, Hwang SW, et al: Probiotics for the prevention 
of antibiotic-associated diarrhea and Clostridium difficile infection 
among hospitalized patients: systematic review and meta-analysis. 
Open Med 2013; 7:e56–e67

 215. Goldenberg JZ, Ma SS, Saxton JD, et al: Probiotics for the preven-
tion of Clostridium difficile-associated diarrhea in adults and chil-
dren. Cochrane Database Syst Rev 2013; 5:CD006095

 216. Berger MM, Spertini F, Shenkin A, et al: Trace element supplementa-
tion modulates pulmonary infection rates after major burns: a double-
blind, placebo-controlled trial. Am J Clin Nutr 1998; 68:365–371

 217. Nathens AB, Neff MJ, Jurkovich GJ, et al: Randomized, prospective 
trial of antioxidant supplementation in critically ill surgical patients. 
Ann Surg 2002; 236:814–822

 218. Andrews PJ, Avenell A, Noble DW, et al; Scottish Intensive care 
Glutamine or seleNium Evaluative Trial Trials Group: Randomised 
trial of glutamine, selenium, or both, to supplement parenteral nutri-
tion for critically ill patients. BMJ 2011; 342:d1542

 219. Angstwurm MW, Engelmann L, Zimmermann T, et al: Selenium in 
Intensive Care (SIC): results of a prospective randomized, placebo-
controlled, multiple-center study in patients with severe systemic 
inflammatory response syndrome, sepsis, and septic shock. Crit 
Care Med 2007; 35:118–126

 220. Angstwurm MW, Schottdorf J, Schopohl J, et al: Selenium replace-
ment in patients with severe systemic inflammatory response 
syndrome improves clinical outcome. Crit Care Med 1999; 
27:1807–1813

 221. Berger MM, Chioléro RL: Antioxidant supplementation in sepsis and 
systemic inflammatory response syndrome. Crit Care Med 2007; 
35:S584–S590

 222. Crimi E, Liguori A, Condorelli M, et al: The beneficial effects of anti-
oxidant supplementation in enteral feeding in critically ill patients: 
a prospective, randomized, double-blind, placebo-controlled trial. 
Anesth Analg 2004; 99:857–63, table of contents

 223. Forceville X: Effects of high doses of selenium, as sodium selenite, 
in septic shock patients a placebo-controlled, randomized, double-
blind, multi-center phase II study–selenium and sepsis. J Trace Elem 
Med Biol 2007; 21 Suppl 1:62–65

 224. Kuklinski B, Buchner M, Schweder R, Nagel R. Akute pankreatitis-
eine “free radical disease”. letalitatssenkung durch natriumselenit 
therapie. Z gestame Int Med 1991; 46:S145–149.

 225. Mishra V, Baines M, Perry SE, et al: Effect of selenium supplemen-
tation on biochemical markers and outcome in critically ill patients. 
Clin Nutr 2007; 26:41–50

 226. Manzanares W, Biestro A, Torre MH, et al: High-dose selenium 
reduces ventilator-associated pneumonia and illness severity in 
critically ill patients with systemic inflammation. Intensive Care Med 
2011; 37:1120–1127

 227. Preiser JC, Van Gossum A, Berré J, et al: Enteral feeding with a 
solution enriched with antioxidant vitamins A, C, and E enhances the 
resistance to oxidative stress. Crit Care Med 2000; 28:3828–3832

 228. Schneider A, Markowski A, Momma M, et al: Tolerability and efficacy 
of a low-volume enteral supplement containing key nutrients in the 
critically ill. Clin Nutr 2011; 30:599–603

 229. Berger MM, Reymond MJ, Shenkin A, et al: Influence of selenium 
supplements on the post-traumatic alterations of the thyroid axis: a 
placebo-controlled trial. Intensive Care Med 2001; 27:91–100

 230. Zimmerman T, Albrecht S, Kuhne H, Vogelsang U, Grutzmann R, 
Kopprasch S: Substitution of selenium for septic patients - a prospec-
tive randomized study. Medizinische Klinik 1997; 92(Suppl 3):3–4.

CCMV44N2_Text.indb   432 1/6/2016   7:53:45 PM



Special Article

Critical Care Medicine www.ccmjournal.org 433

 231. Valenta J, Brodska H, Drabek T, et al: High-dose selenium substitu-
tion in sepsis: a prospective randomized clinical trial. Intensive Care 
Med 2011; 37:808–815

 232. Young B, Ott L, Kasarskis E, et al: Zinc supplementation is associated 
with improved neurologic recovery rate and visceral protein levels of 
patients with severe closed head injury. J Neurotrauma 1996; 13:25–34

 233. Garrel D, Patenaude J, Nedelec B, et al: Decreased mortality and 
infectious morbidity in adult burn patients given enteral glutamine 
supplements: a prospective, controlled, randomized clinical trial. Crit 
Care Med 2003; 31:2444–2449

 234. Houdijk AP, Rijnsburger ER, Jansen J, et al: Randomised trial of glu-
tamine-enriched enteral nutrition on infectious morbidity in patients 
with multiple trauma. Lancet 1998; 352:772–776

 235. Peng X, You ZY, Huang XK, et al: [Analysis of the therapeutic 
effect and the safety of glutamine granules per os in patients with 
severe burns and trauma]. Zhonghua Shao Shang Za Zhi 2004; 
20:206–209

 236. Zhou YP, Jiang ZM, Sun YH, et al: The effect of supplemental enteral 
glutamine on plasma levels, gut function, and outcome in severe 
burns: a randomized, double-blind, controlled clinical trial. JPEN J 
Parenter Enteral Nutr 2003; 27:241–245

 237. Hall JC, Dobb G, Hall J, et al: A prospective randomized trial of 
enteral glutamine in critical illness. Intensive Care Med 2003; 
29:1710–1716

 238. Jones C, Palmer TE, Griffiths RD: Randomized clinical outcome 
study of critically ill patients given glutamine-supplemented enteral 
nutrition. Nutrition 1999; 15:108–115

 239. Peng X, Yan H, You Z, et al: Effects of enteral supplementation with 
glutamine granules on intestinal mucosal barrier function in severe 
burned patients. Burns 2004; 30:135–139

 240. Casaer MP, Mesotten D, Hermans G, et al: Early versus late 
parenteral nutrition in critically ill adults. N Engl J Med 2011; 
365:506–517

 241. Kelly DG, Tappenden KA, Winkler MF: Short bowel syndrome: high-
lights of patient management, quality of life, and survival. JPEN J 
Parenter Enteral Nutr 2014; 38:427–437

 242. Doig GS, Simpson F, Sweetman EA, et al; Early PN Investigators 
of the ANZICS Clinical Trials Group: Early parenteral nutrition in 
critically ill patients with short-term relative contraindications to 
early enteral nutrition: a randomized controlled trial. JAMA 2013; 
309:2130–2138

 243. Brennan MF, Pisters PW, Posner M, et al: A prospective randomized 
trial of total parenteral nutrition after major pancreatic resection for 
malignancy. Ann Surg 1994; 220:436–41; discussion 441

 244. Holter AR, Fischer JE: The effects of perioperative hyperalimentation 
on complications in patients with carcinoma and weight loss. J Surg 
Res 1977; 23:31–34

 245. Müller JM, Brenner U, Dienst C, et al: Preoperative parenteral feeding 
in patients with gastrointestinal carcinoma. Lancet 1982; 1:68–71

 246. Sandström R, Drott C, Hyltander A, et al: The effect of postop-
erative intravenous feeding (TPN) on outcome following major 
surgery evaluated in a randomized study. Ann Surg 1993; 
217:185–195

 247. Sax HC, Warner BW, Talamini MA, et al: Early total parenteral nutri-
tion in acute pancreatitis: lack of beneficial effects. Am J Surg 1987; 
153:117–124

 248. Thompson BR, Julian TB, Stremple JF: Perioperative total parenteral 
nutrition in patients with gastrointestinal cancer. J Surg Res 1981; 
30:497–500

 249. Woolfson AM, Smith JA: Elective nutritional support after major sur-
gery: a prospective randomised trial. Clin Nutr 1989; 8:15–21

 250. Reilly J, Mehta R, Teperman L, et al: Nutritional support after liver 
transplantation: a randomized prospective study. JPEN J Parenter 
Enteral Nutr 1990; 14:386–391

 251. Abel RM, Fischer JE, Buckley MJ, et al: Malnutrition in cardiac surgi-
cal patients. Results of a prospective, randomized evaluation of early 
postoperative parenteral nutrition. Arch Surg 1976; 111:45–50

 252. Heyland DK, MacDonald S, Keefe L, et al: Total parenteral nutri-
tion in the critically ill patient: a meta-analysis. JAMA 1998; 
280:2013–2019

 253. Heidegger CP, Berger MM, Graf S, et al: Optimisation of energy pro-
vision with supplemental parenteral nutrition in critically ill patients: a 
randomised controlled clinical trial. Lancet 2013; 381:385–393

 254. Heyland DK: Early supplemental parenteral nutrition in critically ill 
adults increased infections, ICU length of stay and cost. Evid Based 
Med 2012; 17:86–87

 255. Kutsogiannis J, Alberda C, Gramlich L, et al: Early use of supple-
mental parenteral nutrition in critically ill patients: results of an 
international multicenter observational study. Crit Care Med 2011; 
39:2691–2699

 256. Jiang XH, Li N, Li JS: Intestinal permeability in patients after surgi-
cal trauma and effect of enteral nutrition versus parenteral nutrition. 
World J Gastroenterol 2003; 9:1878–1880

 257. Jonker MA, Hermsen JL, Sano Y, et al: Small intestine mucosal 
immune system response to injury and the impact of parenteral nutri-
tion. Surgery 2012; 151:278–286

 258. Lan J, Heneghan AF, Sano Y, et al: Parenteral nutrition impairs 
lymphotoxin β receptor signaling via NF-κB. Ann Surg 2011; 
253:996–1003

 259. O’Connor A, Hanly AM, Francis E, et al: Catheter associated 
blood stream infections in patients receiving parenteral nutri-
tion: a prospective study of 850 patients. J Clin Med Res 2013; 
5:18–21

 260. Olveira G, Tapia MJ, Ocón J, et al; Study Group of Hyperglycemia 
in Parenteral Nutrition: Nutrition Area of the Spanish Society of 
Endocrinology and Nutrition (SEEN): Parenteral nutrition-associ-
ated hyperglycemia in non-critically ill inpatients increases the risk 
of in-hospital mortality (multicenter study). Diabetes Care 2013; 
36:1061–1066

 261. Wilson N, Blackett B: Parenteral nutrition: considerations for prac-
tice. Br J Community Nurs 2012; Suppl:S16, S18–S16, S19

 262. Mousavi M, Hayatshahi A, Sarayani A, et al: Impact of clinical phar-
macist-based parenteral nutrition service for bone marrow trans-
plantation patients: a randomized clinical trial. Support Care Cancer 
2013; 21:3441–3448

 263. Zaloga GP, Roberts P: Permissive underfeeding. New Horiz 1994; 
2:257–263

 264. Owais AE, Bumby RF, MacFie J: Review article: permissive under-
feeding in short-term nutritional support. Aliment Pharmacol Ther 
2010; 32:628–636

 265. Jeejeebhoy KN: Permissive underfeeding of the critically ill patient. 
Nutr Clin Pract 2004; 19:477–480

 266. McCowen KC, Friel C, Sternberg J, et al: Hypocaloric total par-
enteral nutrition: effectiveness in prevention of hyperglycemia and 
infectious complications–a randomized clinical trial. Crit Care Med 
2000; 28:3606–3611

 267. Jiang H, Sun MW, Hefright B, et al: Efficacy of hypocaloric parenteral 
nutrition for surgical patients: a systematic review and meta-analysis. 
Clin Nutr 2011; 30:730–737

 268. Battistella FD, Widergren JT, Anderson JT, et al: A prospective, ran-
domized trial of intravenous fat emulsion administration in trauma 
victims requiring total parenteral nutrition. J Trauma 1997; 43:52–8; 
discussion 58

 269. Choban PS, Burge JC, Scales D, et al: Hypoenergetic nutrition sup-
port in hospitalized obese patients: a simplified method for clinical 
application. Am J Clin Nutr 1997; 66:546–550

 270. Ahrens CL, Barletta JF, Kanji S, et al: Effect of low-calorie parenteral 
nutrition on the incidence and severity of hyperglycemia in surgi-
cal patients: a randomized, controlled trial. Crit Care Med 2005; 
33:2507–2512

 271. Cahill NE, Murch L, Jeejeebhoy K, et al: When early enteral 
feeding is not possible in critically ill patients: results of a multi-
center observational study. JPEN J Parenter Enteral Nutr 2011; 
35:160–168

 272. Gerlach AT, Thomas S, Murphy CV, et al: Does delaying early intrave-
nous fat emulsion during parenteral nutrition reduce infections dur-
ing critical illness? Surg Infect (Larchmt) 2011; 12:43–47

 273. Manzanares W, Dhaliwal R, Jurewitsch B, et al: Alternative lipid 
emulsions in the critically ill: a systematic review of the evidence. 
Intensive Care Med 2013; 39:1683–1694

CCMV44N2_Text.indb   433 1/6/2016   7:53:45 PM



Taylor et al

434 www.ccmjournal.org	 February	2016	•	Volume	44	•	Number	2

 274. Palmer AJ, Ho CK, Ajibola O, et al: The role of ω-3 fatty acid supple-
mented parenteral nutrition in critical illness in adults: a systematic 
review and meta-analysis. Crit Care Med 2013; 41:307–316

 275. Cahill NE, Dhaliwal R, Day AG, et al: Nutrition therapy in the criti-
cal care setting: what is “best achievable” practice? An international 
multicenter observational study. Crit Care Med 2010; 38:395–401

 276. Umpierrez GE, Spiegelman R, Zhao V, et al: A double-blind, ran-
domized clinical trial comparing soybean oil-based versus olive 
oil-based lipid emulsions in adult medical-surgical intensive care 
unit patients requiring parenteral nutrition. Crit Care Med 2012; 
40:1792–1798

 277. Pontes-Arruda A, Dos Santos MC, Martins LF, et al; EPICOS Study 
Group: Influence of parenteral nutrition delivery system on the 
development of bloodstream infections in critically ill patients: an 
international, multicenter, prospective, open-label, controlled study–
EPICOS study. JPEN J Parenter Enteral Nutr 2012; 36:574–586

 278. Ayers P, Adams S, Boullata J, et al; American Society for Parenteral 
and Enteral Nutrition: A.S.P.E.N. parenteral nutrition safety con-
sensus recommendations. JPEN J Parenter Enteral Nutr 2014; 
38:296–333

 279. Jacobi J, Bircher N, Krinsley J, et al: Guidelines for the use of an 
insulin infusion for the management of hyperglycemia in critically ill 
patients. Crit Care Med 2012; 40:3251–3276

 280. van den Berghe G, Wouters P, Weekers F, et al: Intensive insulin 
therapy in critically ill patients. N Engl J Med 2001; 345:1359–1367

 281. Van den Berghe G, Wilmer A, Hermans G, et al: Intensive insulin 
therapy in the medical ICU. N Engl J Med 2006; 354:449–461

 282. Brunkhorst FM, Engel C, Bloos F, et al; German Competence 
Network Sepsis (SepNet): Intensive insulin therapy and pen-
tastarch resuscitation in severe sepsis. N Engl J Med 2008; 
358:125–139

 283. Annane D, Cariou A, Maxime V, et al; COIITSS Study Investigators: 
Corticosteroid treatment and intensive insulin therapy for sep-
tic shock in adults: a randomized controlled trial. JAMA 2010; 
303:341–348

 284. Finfer S, Chittock DR, Su SY, et al; NICE-SUGAR Study 
Investigators: Intensive versus conventional glucose control in criti-
cally ill patients. N Engl J Med 2009; 360:1283–1297

 285. Bilotta F, Caramia R, Paoloni FP, et al: Safety and efficacy of inten-
sive insulin therapy in critical neurosurgical patients. Anesthesiology 
2009; 110:611–619

 286. Azevedo JR, Lima ER, Cossetti RJ, et al: Intensive insulin therapy 
versus conventional glycemic control in patients with acute neu-
rological injury: a prospective controlled trial. Arq Neuropsiquiatr 
2007; 65:733–738

 287. Yang M, Guo Q, Zhang X, et al: Intensive insulin therapy on infection 
rate, days in NICU, in-hospital mortality and neurological outcome in 
severe traumatic brain injury patients: a randomized controlled trial. 
Int J Nurs Stud 2009; 46:753–758

 288. Heyland D, Muscedere J, Wischmeyer PE, et al; Canadian Critical 
Care Trials Group: A randomized trial of glutamine and antioxidants 
in critically ill patients. N Engl J Med 2013; 368:1489–1497

 289. Wernerman J, Kirketeig T, Andersson B, et al; Scandinavian Critical 
Care Trials Group: Scandinavian glutamine trial: a pragmatic multi-
centre randomised clinical trial of intensive care unit patients. Acta 
Anaesthesiol Scand 2011; 55:812–818

 290. Fadda V, Maratea D, Trippoli S, et al: Temporal trend of short-term 
mortality in severely ill patients receiving parenteral glutamine sup-
plementation. Clin Nutr 2013; 32:492–493

 291. Pasin L, Landoni G, Zangrillo A: Glutamine and antioxidants in criti-
cally ill patients. N Engl J Med 2013; 369:482–484

 292. Bistrian BR: Glutamine and antioxidants in critically ill patients.  
N Engl J Med 2013; 369:482

 293. Rodas PC, Rooyackers O, Hebert C, et al: Glutamine and glutathi-
one at ICU admission in relation to outcome. Clin Sci (Lond) 2012; 
122:591–597

 294. al-Saady NM, Blackmore CM, Bennett ED: High fat, low carbohy-
drate, enteral feeding lowers PaCO2 and reduces the period of ven-
tilation in artificially ventilated patients. Intensive Care Med 1989; 
15:290–295

 295. Mesejo A, Acosta JA, Ortega C, et al: Comparison of a high-protein 
disease-specific enteral formula with a high-protein enteral formula 
in hyperglycemic critically ill patients. Clin Nutr 2003; 22:295–305

 296. Radrizzani D, Iapichino G: Nutrition and lung function in the critically 
ill patient. Clin Nutr 1998; 17:7–10

 297. Barale F, Verdy S, Boillot A, et al: [Calorimetric study of enteral 
low-carbohydrate diet in patients with respiratory insufficiency and 
decompensation]. Agressologie 1990; 31:77–79

 298. Halevy J, Bulvik S: Severe hypophosphatemia in hospitalized 
patients. Arch Intern Med 1988; 148:153–155

 299. Bech A, Blans M, Raaijmakers M, et al: Hypophosphatemia on 
the intensive care unit: individualized phosphate replacement 
based on serum levels and distribution volume. J Crit Care 2013; 
28:838–843

 300. Suzuki S, Egi M, Schneider AG, Bellomo R, Hart GK, Hegarty 
C: Hypophosphatemia in critically ill patients. J Crit Care 2013; 
28(4):536.e9–536.19.

 301. Aubier M, Murciano D, Lecocguic Y, et al: Effect of hypophosphate-
mia on diaphragmatic contractility in patients with acute respiratory 
failure. N Engl J Med 1985; 313:420–424

 302. Alsumrain MH, Jawad SA, Imran NB, et al: Association of hypophos-
phatemia with failure-to-wean from mechanical ventilation. Ann Clin 
Lab Sci 2010; 40:144–148

 303. Oud L: Transient hypoxic respiratory failure in a patient with severe 
hypophosphatemia. Med Sci Monit 2009; 15:CS49–CS53

 304. Patel U, Sriram K: Acute respiratory failure due to refeeding syn-
drome and hypophosphatemia induced by hypocaloric enteral nutri-
tion. Nutrition 2009; 25:364–367

 305. Taylor BE, Huey WY, Buchman TG, et al: Treatment of hypophos-
phatemia using a protocol based on patient weight and serum phos-
phorus level in a surgical intensive care unit. J Am Coll Surg 2004; 
198:198–204

 306. Fiaccadori E, Regolisti G, Maggiore U: Specialized nutritional sup-
port interventions in critically ill patients on renal replacement ther-
apy. Curr Opin Clin Nutr Metab Care 2013; 16:217–224

 307. Wooley JA, Btaiche IF, Good KL: Metabolic and nutritional aspects 
of acute renal failure in critically ill patients requiring continuous renal 
replacement therapy. Nutr Clin Pract 2005; 20:176–191

 308. Khwaja A: KDIGO clinical practice guidelines for acute kidney injury. 
Nephron Clin Pract 2012; 120:c179–c184

 309. Gervasio JM, Garmon WP, Holowatyj M: Nutrition support in acute 
kidney injury. Nutr Clin Pract 2011; 26:374–381

 310. Honoré PM, De Waele E, Jacobs R, et al: Nutritional and metabolic 
alterations during continuous renal replacement therapy. Blood Purif 
2013; 35:279–284

 311. Wiesen P, Van Overmeire L, Delanaye P, et al: Nutrition disorders 
during acute renal failure and renal replacement therapy. JPEN J 
Parenter Enteral Nutr 2011; 35:217–222

 312. Bellomo R, Tan HK, Bhonagiri S, et al: High protein intake during 
continuous hemodiafiltration: impact on amino acids and nitrogen 
balance. Int J Artif Organs 2002; 25:261–268

 313. Macias WL, Alaka KJ, Murphy MH, et al: Impact of the nutritional 
regimen on protein catabolism and nitrogen balance in patients 
with acute renal failure. JPEN J Parenter Enteral Nutr 1996; 
20:56–62

 314. Eghtesad S, Poustchi H, Malekzadeh R: Malnutrition in liver 
cirrhosis:the influence of protein and sodium. Middle East J Dig Dis 
2013; 5:65–75

 315. Alberino F, Gatta A, Amodio P, et al: Nutrition and survival in patients 
with liver cirrhosis. Nutrition 2001; 17:445–450

 316. Merli M, Giusto M, Gentili F, et al: Nutritional status: its influence on 
the outcome of patients undergoing liver transplantation. Liver Int 
2010; 30:208–214

 317. Razonable RR, Findlay JY, O’Riordan A, et al: Critical care issues in 
patients after liver transplantation. Liver Transpl 2011; 17:511–527

 318. Masuda T, Shirabe K, Yoshiya S, et al: Nutrition support and infec-
tions associated with hepatic resection and liver transplantation in 
patients with chronic liver disease. JPEN J Parenter Enteral Nutr 
2013; 37:318–326

CCMV44N2_Text.indb   434 1/6/2016   7:53:45 PM



Special Article

Critical Care Medicine www.ccmjournal.org 435

 319. Kerwin AJ, Nussbaum MS: Adjuvant nutrition management of 
patients with liver failure, including transplant. Surg Clin North Am 
2011; 91:565–578

 320. Bémeur C, Desjardins P, Butterworth RF: Role of nutrition in the 
management of hepatic encephalopathy in end-stage liver failure.  
J Nutr Metab 2010; 2010:489823

 321. Xu ZW, Li YS: Pathogenesis and treatment of parenteral nutrition-
associated liver disease. Hepatobiliary Pancreat Dis Int 2012; 
11:586–593

 322. Hirsch S, Bunout D, de la Maza P, et al: Controlled trial on nutrition 
supplementation in outpatients with symptomatic alcoholic cirrhosis. 
JPEN J Parenter Enteral Nutr 1993; 17:119–124

 323. Le Cornu KA, McKiernan FJ, Kapadia SA, et al: A prospective ran-
domized study of preoperative nutritional supplementation in patients 
awaiting elective orthotopic liver transplantation. Transplantation 
2000; 69:1364–1369

 324. Hasse JM, Blue LS, Liepa GU, et al: Early enteral nutrition support 
in patients undergoing liver transplantation. JPEN J Parenter Enteral 
Nutr 1995; 19:437–443

 325. Charlton M: Branched-chain amino acid enriched supplements as 
therapy for liver disease. J Nutr 2006; 136:295S–298S

 326. Holecek M: Branched-chain amino acids and ammonia metabo-
lism in liver disease: therapeutic implications. Nutrition 2013; 
29:1186–1191

 327. Marchesini G, Bianchi G, Merli M, et al; Italian BCAA Study 
Group: Nutritional supplementation with branched-chain amino 
acids in advanced cirrhosis: a double-blind, randomized trial. 
Gastroenterology 2003; 124:1792–1801

 328. Bradley EL 3rd: A clinically based classification system for acute 
pancreatitis. Summary of the International Symposium on Acute 
Pancreatitis, Atlanta, Ga, September 11 through 13, 1992. Arch 
Surg 1993; 128:586–590

 329. Bradley EL 3rd: Atlanta redux: revisiting the severity stratification 
system for acute pancreatitis. Ann Surg 2012; 256:881–882

 330. Forsmark CE, Baillie J; AGA Institute Clinical Practice and 
Economics Committee; AGA Institute Governing Board: AGA 
Institute technical review on acute pancreatitis. Gastroenterology 
2007; 132:2022–2044

 331. Banks PA, Bollen TL, Dervenis C, et al; Acute Pancreatitis 
Classification Working Group: Classification of acute pancreati-
tis–2012: revision of the Atlanta classification and definitions by 
international consensus. Gut 2013; 62:102–111

 332. Tenner S, Baillie J, DeWitt J, et al; American College of 
Gastroenterology: American College of Gastroenterology guide-
line: management of acute pancreatitis. Am J Gastroenterol 2013; 
108:1400–15; 1416

 333. Pitchumoni CS, Agarwal N, Jain NK: Systemic complications of 
acute pancreatitis. Am J Gastroenterol 1988; 83:597–606

 334. Wilson C, Heath DI, Imrie CW: Prediction of outcome in acute pan-
creatitis: a comparative study of APACHE II, clinical assessment and 
multiple factor scoring systems. Br J Surg 1990; 77:1260–1264

 335. Rajkumar N, Karthikeyan VS, Ali SM, et al: Clear liquid diet vs soft 
diet as the initial meal in patients with mild acute pancreatitis: a ran-
domized interventional trial. Nutr Clin Pract 2013; 28:365–370

 336. Sathiaraj E, Murthy S, Mansard MJ, et al: Clinical trial: oral feeding 
with a soft diet compared with clear liquid diet as initial meal in mild 
acute pancreatitis. Aliment Pharmacol Ther 2008; 28:777–781

 337. Jacobson BC, Vander Vliet MB, Hughes MD, et al: A prospective, 
randomized trial of clear liquids versus low-fat solid diet as the initial 
meal in mild acute pancreatitis. Clin Gastroenterol Hepatol 2007; 
5:946–51; quiz 886

 338. McClave SA, Chang WK, Dhaliwal R, et al: Nutrition support in acute 
pancreatitis: a systematic review of the literature. JPEN J Parenter 
Enteral Nutr 2006; 30:143–156

 339. Pupelis G, Austrums E, Jansone A, et al: Randomised trial of safety 
and efficacy of postoperative enteral feeding in patients with severe 
pancreatitis: preliminary report. Eur J Surg 2000; 166:383–387

 340. Pupelis G, Selga G, Austrums E, et al: Jejunal feeding, even when 
instituted late, improves outcomes in patients with severe pancreati-
tis and peritonitis. Nutrition 2001; 17:91–94

 341. Sun JK, Li WQ, Ke L, et al: Early enteral nutrition prevents intra-
abdominal hypertension and reduces the severity of severe acute 
pancreatitis compared with delayed enteral nutrition: a prospective 
pilot study. World J Surg 2013; 37:2053–2060

 342. Wereszczynska-Siemiatkowska U, Swidnicka-Siergiejko A, 
Siemiatkowski A, et al: Early enteral nutrition is superior to delayed 
enteral nutrition for the prevention of infected necrosis and mortality 
in acute pancreatitis. Pancreas 2013; 42:640–646

 343. Lasztity N, Hamvas J, Biró L, et al: Effect of enterally administered 
n-3 polyunsaturated fatty acids in acute pancreatitis–a prospective 
randomized clinical trial. Clin Nutr 2005; 24:198–205

 344. Wang G, Wen J, Xu L, et al: Effect of enteral nutrition and ecoim-
munonutrition on bacterial translocation and cytokine produc-
tion in patients with severe acute pancreatitis. J Surg Res 2013; 
183:592–597

 345. Abou-Assi S, Craig K, O’Keefe SJ: Hypocaloric jejunal feeding is 
better than total parenteral nutrition in acute pancreatitis: results 
of a randomized comparative study. Am J Gastroenterol 2002; 
97:2255–2262

 346. Oláh A, Pardavi G, Belágyi T, et al: Early nasojejunal feeding in acute 
pancreatitis is associated with a lower complication rate. Nutrition 
2002; 18:259–262

 347. Gupta R, Patel K, Calder PC, et al: A randomised clinical trial to 
assess the effect of total enteral and total parenteral nutritional sup-
port on metabolic, inflammatory and oxidative markers in patients 
with predicted severe acute pancreatitis (APACHE II > or =6). 
Pancreatology 2003; 3:406–413

 348. Eckerwall GE, Tingstedt BB, Bergenzaun PE, et al: Immediate oral 
feeding in patients with mild acute pancreatitis is safe and may 
accelerate recovery–a randomized clinical study. Clin Nutr 2007; 
26:758–763

 349. Louie BE, Noseworthy T, Hailey D, et al: 2004 MacLean-Mueller 
prize enteral or parenteral nutrition for severe pancreatitis: a random-
ized controlled trial and health technology assessment. Can J Surg 
2005; 48:298–306

 350. Petrov MS, Kukosh MV, Emelyanov NV: A randomized controlled trial 
of enteral versus parenteral feeding in patients with predicted severe 
acute pancreatitis shows a significant reduction in mortality and in 
infected pancreatic complications with total enteral nutrition. Dig 
Surg 2006; 23:336–44; discussion 344

 351. Marik PE, Zaloga GP: Meta-analysis of parenteral nutrition versus 
enteral nutrition in patients with acute pancreatitis. BMJ 2004; 
328:1407

 352. Cao Y, Xu Y, Lu T, et al: Meta-analysis of enteral nutrition versus total 
parenteral nutrition in patients with severe acute pancreatitis. Ann 
Nutr Metab 2008; 53:268–275

 353. McClave SA, Greene LM, Snider HL, et al: Comparison of the safety 
of early enteral vs parenteral nutrition in mild acute pancreatitis. 
JPEN J Parenter Enteral Nutr 1997; 21:14–20

 354. Eatock FC, Chong P, Menezes N, et al: A randomized study of early 
nasogastric versus nasojejunal feeding in severe acute pancreatitis. 
Am J Gastroenterol 2005; 100:432–439

 355. Kumar A, Singh N, Prakash S, et al: Early enteral nutrition in severe 
acute pancreatitis: a prospective randomized controlled trial com-
paring nasojejunal and nasogastric routes. J Clin Gastroenterol 
2006; 40:431–434

 356. Singh A, Chen M, Li T, et al: Parenteral nutrition combined with 
enteral nutrition for severe acute pancreatitis. ISRN Gastroenterol 
2012; 2012:791383

 357. Chang YS, Fu HQ, Xiao YM, et al: Nasogastric or nasojejunal feed-
ing in predicted severe acute pancreatitis: a meta-analysis. Crit Care 
2013; 17:R118

 358. Cravo M, Camilo ME, Marques A, Pento-Correia J: Early tube feed-
ing in acute pancreatitis: A prospective study. Clinical Nutrition 
(Edinburgh, Scotland) 1989; Supplement(A):14.

 359. O’Keefe SJ, Broderick T, Turner M, et al: Nutrition in the manage-
ment of necrotizing pancreatitis. Clin Gastroenterol Hepatol 2003; 
1:315–321

 360. Parekh D, Lawson HH, Segal I: The role of total enteral nutrition in 
pancreatic disease. S Afr J Surg 1993; 31:57–61

CCMV44N2_Text.indb   435 1/6/2016   7:53:45 PM



Taylor et al

436 www.ccmjournal.org	 February	2016	•	Volume	44	•	Number	2

 361. Grant JP, Davey-McCrae J, Snyder PJ: Effect of enteral nutrition on 
human pancreatic secretions. JPEN J Parenter Enteral Nutr 1987; 
11:302–304

 362. Harsányi L, Bodoky G, Pap A: The effect of jejunal nutrition on pan-
creatic exocrine function. Acta Chir Hung 1992; 33:13–21

 363. Bodoky G, Harsányi L, Pap A: The effect of early postoperative 
nutrition on exocrine pancreatic function. Acta Chir Hung 1992; 
33:23–35

 364. Oláh A, Belágyi T, Pótó L, et al: Synbiotic control of inflammation and 
infection in severe acute pancreatitis: a prospective, randomized, 
double blind study. Hepatogastroenterology 2007; 54:590–594

 365. Oláh A, Belágyi T, Issekutz A, et al: Randomized clinical trial of spe-
cific lactobacillus and fibre supplement to early enteral nutrition in 
patients with acute pancreatitis. Br J Surg 2002; 89:1103–1107

 366. Zhang MM, Cheng JQ, Lu YR, et al: Use of pre-, pro- and synbi-
otics in patients with acute pancreatitis: a meta-analysis. World J 
Gastroenterol 2010; 16:3970–3978

 367. Xian-li H, Qing-jiu M, Jian-guo L, Yan-kui C, Xi-lin D: Effect of total 
parenteral nutrition (TPN) with and without glutamine dipeptide sup-
plementation on outcome on severe acute pancreatitis (SAP). Clin.
Nutr 2004; Supplement(1):43.

 368. Todd SR, Gonzalez EA, Turner K, et al: Update on postinjury nutri-
tion. Curr Opin Crit Care 2008; 14:690–695

 369. Burd NA, West DW, Camera DM, et al: No role for early IGF-1 sig-
nalling in stimulating acute ‘muscle building’ responses. J Physiol 
2011; 589:2667–2668

 370. Doig GS, Heighes PT, Simpson F, et al: Early enteral nutrition 
reduces mortality in trauma patients requiring intensive care: a meta-
analysis of randomised controlled trials. Injury 2011; 42:50–56

 371. O’Keefe GE, Shelton M, Cuschieri J, et al; Inflammation and the Host 
Response to Injury Collaborative Research Program: Inflammation 
and the host response to injury, a large-scale collaborative project: 
patient-oriented research core–standard operating procedures for 
clinical care VIII–Nutritional support of the trauma patient. J Trauma 
2008; 65:1520–1528

 372. Peev MP, Yeh DD, Quraishi SA, et al: Causes and consequences 
of interrupted enteral nutrition: a prospective observational study in 
critically ill surgical patients. JPEN J Parenter Enteral Nutr 2015; 
39:21–27

 373. Monk DN, Plank LD, Franch-Arcas G, et al: Sequential changes in 
the metabolic response in critically injured patients during the first 
25 days after blunt trauma. Ann Surg 1996; 223:395–405

 374. Marik PE, Zaloga GP: Immunonutrition in critically ill patients: a sys-
tematic review and analysis of the literature. Intensive Care Med 
2008; 34:1980–1990

 375. Perel P, Yanagawa T, Bunn F, Roberts I, Wentz R, Pierro A: Nutritional 
support for head-injured patients. Cochrane Database Syst Rev. 
2006; (4)(4):CD001530.

 376. Härtl R, Gerber LM, Ni Q, et al: Effect of early nutrition on deaths due 
to severe traumatic brain injury. J Neurosurg 2008; 109:50–56

 377. Foley N, Marshall S, Pikul J, et al: Hypermetabolism following mod-
erate to severe traumatic acute brain injury: a systematic review.  
J Neurotrauma 2008; 25:1415–1431

 378. Brain Trauma Foundation, American Association of Neurological 
Surgeons, Congress of Neurological Surgeons, et al: Guidelines 
for the management of severe traumatic brain injury. XII. Nutrition.  
J Neuro Trauma 2007; 24 Suppl 1:S77–82.

 379. Falcao de Arruda IS, de Aguilar-Nascimento JE: Benefits of early 
enteral nutrition with glutamine and probiotics in brain injury patients. 
Clin Sci (Lond). 2004; 106(3):287–292.

 380. Hasadsri L, Wang BH, Lee JV, et al: Omega-3 fatty acids as a 
putative treatment for traumatic brain injury. J Neurotrauma 2013; 
30:897–906

 381. Rausei S, Dionigi G, Boni L, et al: Open abdomen management 
of intra-abdominal infections: analysis of a twenty-year experience. 
Surg Infect (Larchmt) 2014; 15:200–206

 382. Roberts DJ, Zygun DA, Grendar J, et al: Negative-pressure 
wound therapy for critically ill adults with open abdominal 
wounds: a systematic review. J Trauma Acute Care Surg 2012; 
73:629–639

 383. Burlew CC, Moore EE, Cuschieri J, et al: Who should we feed? 
Western Trauma Association multi-institutional study of enteral nutri-
tion in the open abdomen after injury. J Trauma Acute Care Surg 
2012; 73(6):1380–7; discussion 1387–8.

 384. Collier B, Guillamondegui O, Cotton B, et al: Feeding the open 
abdomen. JPEN J Parenter Enteral Nutr 2007; 31:410–415

 385. Dissanaike S, Pham T, Shalhub S, et al: Effect of immediate enteral 
feeding on trauma patients with an open abdomen: protection from 
nosocomial infections. J Am Coll Surg 2008; 207:690–697

 386. Diaz JJ Jr, Cullinane DC, Dutton WD, et al: The management of 
the open abdomen in trauma and emergency general surgery: part 
1-damage control. J Trauma 2010; 68:1425–1438

 387. Cheatham ML, Safcsak K, Brzezinski SJ, et al: Nitrogen balance, pro-
tein loss, and the open abdomen. Crit Care Med 2007; 35:127–131

 388. Hourigan LA, Hourigan L, Linfoot JA, et al: Loss of protein, immu-
noglobulins, and electrolytes in exudates from negative pressure 
wound therapy. Nutr Clin Pract 2010; 25:510–516

 389. Rousseau AF, Losser MR, Ichai C, et al: ESPEN endorsed recom-
mendations: nutritional therapy in major burns. Clin Nutr 2013; 
32:497–502

 390. Herndon DN, Barrow RE, Stein M, et al: Increased mortality with 
intravenous supplemental feeding in severely burned patients.  
J Burn Care Rehabil 1989; 10:309–313

 391. Lam NN, Tien NG, Khoa CM: Early enteral feeding for burned 
patients–an effective method which should be encouraged in devel-
oping countries. Burns 2008; 34:192–196

 392. Chen Z, Wang S, Yu B, et al: A comparison study between early 
enteral nutrition and parenteral nutrition in severe burn patients. 
Burns 2007; 33:708–712

 393. Dickerson RN, Gervasio JM, Riley ML, et al: Accuracy of predictive 
methods to estimate resting energy expenditure of thermally-injured 
patients. JPEN J Parenter Enteral Nutr 2002; 26:17–29

 394. Long C: Energy expenditure of major burns. J Trauma 1979; 
19:904–906

 395. Wolfe RR, Goodenough RD, Wolfe MH: Isotopic approaches to the 
estimation of protein requirements in burn patients. Adv Shock Res 
1983; 9:81–98

 396. Gibran NS; Committee on Organization and Delivery of Burn Care, 
American Burn Association: Practice Guidelines for burn care, 
2006. J Burn Care Res 2006; 27:437–438

 397. Chiarelli A, Enzi G, Casadei A, et al: Very early nutrition supplemen-
tation in burned patients. Am J Clin Nutr 1990; 51:1035–1039

 398. Peng YZ, Yuan ZQ, Xiao GX: Effects of early enteral feeding on 
the prevention of enterogenic infection in severely burned patients. 
Burns 2001; 27:145–149

 399. Vicic VK, Radman M, Kovacic V: Early initiation of enteral nutrition 
improves outcomes in burn disease. Asia Pac J Clin Nutr 2013; 
22:543–547

 400. Swank GM, Deitch EA: Role of the gut in multiple organ failure: bac-
terial translocation and permeability changes. World J Surg 1996; 
20:411–417

 401. Chapman MJ, Nguyen NQ, Deane AM: Gastrointestinal dysmotility: 
clinical consequences and management of the critically ill patient. 
Gastroenterol Clin North Am 2011; 40:725–739

 402. Liu MJ, Bao S, Napolitano JR, et al: Zinc regulates the acute phase 
response and serum amyloid A production in response to sepsis 
through JAK-STAT3 signaling. PLoS One 2014; 9:e94934

 403. Levy MM, Artigas A, Phillips GS, et al: Outcomes of the Surviving 
Sepsis Campaign in intensive care units in the USA and Europe: a 
prospective cohort study. Lancet Infect Dis 2012; 12:919–924

 404. Ortiz Leyba C, Montejo González JC, Vaquerizo Alonso C; Spanish 
Society of Intensive Care Medicine and Coronary Units-Spanish 
Society of Parenteral and Enteral Nutrition (SEMICYUC-SENPE): 
[Guidelines for specialized nutritional and metabolic support in the 
critically-ill patient. Update. Consensus of the Spanish Society of 
Intensive Care Medicine and Coronary Units-Spanish Society of 
Parenteral and Enteral Nutrition (SEMICYUC-SENPE): patient with 
sepsis]. Med Intensiva 2011; 35 Suppl 1:72–76

 405. Puleo F, Arvanitakis M, Van Gossum A, et al: Gut failure in the ICU. 
Semin Respir Crit Care Med 2011; 32:626–638

CCMV44N2_Text.indb   436 1/6/2016   7:53:45 PM



Special Article

Critical Care Medicine www.ccmjournal.org 437

 406. Elke G, Schädler D, Engel C, et al; German Competence Network 
Sepsis (SepNet): Current practice in nutritional support and its 
association with mortality in septic patients–results from a national, 
prospective, multicenter study. Crit Care Med 2008; 36:1762–1767

 407. Elke G, Kuhnt E, Ragaller M, et al; German Competence Network 
Sepsis (SepNet): Enteral nutrition is associated with improved out-
come in patients with severe sepsis. A secondary analysis of the 
VISEP trial. Med Klin Intensivmed Notfmed 2013; 108:223–233

 408. Berger MM, Shenkin A: Trace element requirements in critically ill 
burned patients. J Trace Elem Med Biol 2007; 21 Suppl 1:44–48

 409. Forceville X, Laviolle B, Annane D, et al: Effects of high doses of 
selenium, as sodium selenite, in septic shock: a placebo-controlled, 
randomized, double-blind, phase II study. Crit Care 2007; 11:R73

 410. Gonzalez CM, Luna AH, Silva JA, Guzman CO, Sanchez JA, 
Granillos JF: Efecto antiinflamatorio del selenio en pacientes speti-
cos. Y Terapia Intensive 2009; 23(4):199–205.

 411. Huang TS, Shyu YC, Chen HY, et al: Effect of parenteral selenium 
supplementation in critically ill patients: a systematic review and 
meta-analysis. PLoS One 2013; 8:e54431

 412. Berger MM, Shenkin A: Selenium in intensive care: probably not a 
magic bullet but an important adjuvant therapy. Crit Care Med 2007; 
35:306–307

 413. Besecker BY, Exline MC, Hollyfield J, et al: A comparison of zinc 
metabolism, inflammation, and disease severity in critically ill infected 
and noninfected adults early after intensive care unit admission. Am 
J Clin Nutr 2011; 93:1356–1364

 414. Wong HR, Shanley TP, Sakthivel B, et al; Genomics of Pediatric 
SIRS/Septic Shock Investigators: Genome-level expression profiles 
in pediatric septic shock indicate a role for altered zinc homeostasis 
in poor outcome. Physiol Genomics 2007; 30:146–155

 415. Kreymann G, Grosser S, Buggisch P, et al: Oxygen consumption 
and resting metabolic rate in sepsis, sepsis syndrome, and septic 
shock. Crit Care Med 1993; 21:1012–1019

 416. Subramaniam A, McPhee M, Nagappan R: Predicting energy expen-
diture in sepsis: Harris-Benedict and Schofield equations versus the 
Weir derivation. Crit Care Resusc 2012; 14:202–210

 417. Stapleton RD, Jones N, Heyland DK: Feeding critically ill patients: what 
is the optimal amount of energy? Crit Care Med 2007; 35:S535–S540

 418. Visser M, Vermeulen MA, Richir MC, et al: Imbalance of arginine and 
asymmetric dimethylarginine is associated with markers of circula-
tory failure, organ failure and mortality in shock patients. Br J Nutr 
2012; 107:1458–1465

 419. Luiking YC, Poeze M, Ramsay G, et al: Reduced citrulline production 
in sepsis is related to diminished de novo arginine and nitric oxide 
production. Am J Clin Nutr 2009; 89:142–152

 420. Pontes-Arruda A, Martins LF, de Lima SM, et al; Investigating Nutritional 
Therapy with EPA, GLA and Antioxidants Role in Sepsis Treatment 
(INTERSEPT) Study Group: Enteral nutrition with eicosapentaenoic 
acid, γ-linolenic acid and antioxidants in the early treatment of sepsis: 
results from a multicenter, prospective, randomized, double-blinded, 
controlled study: the INTERSEPT study. Crit Care 2011; 15:R144

 421. Lewis SJ, Andersen HK, Thomas S: Early enteral nutrition within 24 h of 
intestinal surgery versus later commencement of feeding: a systematic 
review and meta-analysis. J Gastrointest Surg 2009; 13:569–575

 422. Osland E, Yunus RM, Khan S, et al: Early versus traditional postopera-
tive feeding in patients undergoing resectional gastrointestinal surgery: 
a meta-analysis. JPEN J Parenter Enteral Nutr 2011; 35:473–487

 423. McClave SA, Kozar R, Martindale RG, et al: Summary points and 
consensus recommendations from the north american surgi-
cal nutrition summit. JPEN J Parenter Enteral Nutr 2013; 37(5 
Suppl):99S–105S.

 424. Makarenkova VP, Bansal V, Matta BM, et al: CD11b+/Gr-1+ myeloid 
suppressor cells cause T cell dysfunction after traumatic stress.  
J Immunol 2006; 176:2085–2094

 425. Marik PE, Flemmer M: The immune response to surgery and trauma: 
Implications for treatment. J Trauma Acute Care Surg 2012; 
73:801–808

 426. Calò L, Bianconi L, Colivicchi F, et al: N-3 Fatty acids for the preven-
tion of atrial fibrillation after coronary artery bypass surgery: a ran-
domized, controlled trial. J Am Coll Cardiol 2005; 45:1723–1728

 427. Weylandt KH, Chiu CY, Gomolka B, et al: Omega-3 fatty acids and 
their lipid mediators: towards an understanding of resolvin and protec-
tin formation. Prostaglandins Other Lipid Mediat 2012; 97:73–82

 428. Gianotti L, Braga M, Nespoli L, et al: A randomized controlled 
trial of preoperative oral supplementation with a specialized diet 
in patients with gastrointestinal cancer. Gastroenterology 2002; 
122:1763–1770

 429. Drover JW, Dhaliwal R, Weitzel L, et al: Perioperative use of arginine-
supplemented diets: a systematic review of the evidence. J Am Coll 
Surg 2011; 212:385–99, 399.e1

 430. Osland E, Hossain MB, Khan S, et al: Effect of timing of pharma-
conutrition (immunonutrition) administration on outcomes of elective 
surgery for gastrointestinal malignancies: a systematic review and 
meta-analysis. JPEN J Parenter Enteral Nutr 2014; 38:53–69

 431. Marimuthu K, Varadhan KK, Ljungqvist O, et al: A meta-analysis of 
the effect of combinations of immune modulating nutrients on out-
come in patients undergoing major open gastrointestinal surgery. 
Ann Surg 2012; 255:1060–1068

 432. Wells DL: Provision of enteral nutrition during vasopressor therapy 
for hemodynamic instability: an evidence-based review. Nutr Clin 
Pract 2012; 27:521–526

 433. Klek S, Sierzega M, Szybinski P, et al: The immunomodulating enteral 
nutrition in malnourished surgical patients - a prospective, random-
ized, double-blind clinical trial. Clin Nutr 2011; 30:282–288

 434. Detsky AS, Baker JP, O’Rourke K, et al: Predicting nutrition-associ-
ated complications for patients undergoing gastrointestinal surgery. 
JPEN J Parenter Enteral Nutr 1987; 11:440–446

 435. Klein S, Kinney J, Jeejeebhoy K, et al: Nutrition support in clinical 
practice: review of published data and recommendations for future 
research directions. National Institutes of Health, American Society 
for Parenteral and Enteral Nutrition, and American Society for 
Clinical Nutrition. JPEN J Parenter Enteral Nutr 1997; 21:133–156

 436. Preshaw RM, Attisha RP, Hollingsworth WJ: Randomized sequential 
trial of parenteral nutrition in healing of colonic anastomoses in man. 
Can J Surg 1979; 22:437–439

 437. Jensen S: Clinical effects of enteral and parenteral nutrition pre-
ceding cancer surgery. Med Oncol Tumor Pharmacother 1985; 
2:225–229

 438. Collins JP, Oxby CB, Hill GL: Intravenous aminoacids and intrave-
nous hyperalimentation as protein-sparing therapy after major sur-
gery. A controlled clinical trial. Lancet 1978; 1:788–791

 439. Pearl ML, Frandina M, Mahler L, et al: A randomized controlled 
trial of a regular diet as the first meal in gynecologic oncology 
patients undergoing intraabdominal surgery. Obstet Gynecol 2002; 
100:230–234

 440. Jeffery KM, Harkins B, Cresci GA, et al: The clear liquid diet is no 
longer a necessity in the routine postoperative management of surgi-
cal patients. Am Surg 1996; 62:167–170

 441. Lassen K, Kjaeve J, Fetveit T, et al: Allowing normal food at will after 
major upper gastrointestinal surgery does not increase morbidity: a 
randomized multicenter trial. Ann Surg 2008; 247:721–729

 442. MacIntyre NR, Epstein SK, Carson S, et al; National Association 
for Medical Direction of Respiratory Care: Management of patients 
requiring prolonged mechanical ventilation: report of a NAMDRC 
consensus conference. Chest 2005; 128:3937–3954

 443. Gentile LF, Cuenca AG, Efron PA, et al: Persistent inflammation and 
immunosuppression: a common syndrome and new horizon for surgi-
cal intensive care. J Trauma Acute Care Surg 2012; 72:1491–1501

 444. Vanzant EL, Lopez CM, Ozrazgat-Baslanti T, et al: Persistent inflam-
mation, immunosuppression, and catabolism syndrome after severe 
blunt trauma. J Trauma Acute Care Surg 2014; 76:21–9; discussion 
29

 445. Nelson JE, Cox CE, Hope AA, et al: Chronic critical illness. Am J 
Respir Crit Care Med 2010; 182:446–454

 446. Boonen E, Langouche L, Janssens T, et al: Impact of duration of criti-
cal illness on the adrenal glands of human intensive care patients.  
J Clin Endocrinol Metab 2014; 99:4214–4222

 447. Schulman RC, Moshier EL, Rho L, et al: Association of glycemic 
control parameters with clinical outcomes in chronic critical illness. 
Endocr Pract 2014; 20:884–893

CCMV44N2_Text.indb   437 1/6/2016   7:53:45 PM



Taylor et al

438 www.ccmjournal.org	 February	2016	•	Volume	44	•	Number	2

 448. Via MA, Potenza MV, Hollander J, et al: Intravenous ibandronate 
acutely reduces bone hyperresorption in chronic critical illness.  
J Intensive Care Med 2012; 27:312–318

 449. McClave SA, Heyland DK: The physiologic response and associated 
clinical benefits from provision of early enteral nutrition. Nutr Clin 
Pract 2009; 24:305–315

 450. Kee AL, Isenring E, Hickman I, et al: Resting energy expenditure 
of morbidly obese patients using indirect calorimetry: a systematic 
review. Obes Rev 2012; 13:753–765

 451. Jeevanandam M, Young DH, Schiller WR: Obesity and the meta-
bolic response to severe multiple trauma in man. J Clin Invest 1991; 
87:262–269

 452. Hutagalung R, Marques J, Kobylka K, et al: The obesity paradox 
in surgical intensive care unit patients. Intensive Care Med 2011; 
37:1793–1799

 453. Valentijn TM, Galal W, Tjeertes EK, et al: The obesity paradox in the 
surgical population. Surgeon 2013; 11:169–176

 454. McClave SA, Kushner R, Van Way CW 3rd, et al: Nutrition therapy of 
the severely obese, critically ill patient: summation of conclusions and 
recommendations. JPEN J Parenter Enteral Nutr 2011; 35:88S–96S

 455. Choban P, Dickerson R, Malone A, et al; American Society for 
Parenteral and Enteral Nutrition: A.S.P.E.N. Clinical guidelines: 
nutrition support of hospitalized adult patients with obesity. JPEN J 
Parenter Enteral Nutr 2013; 37:714–744

 456. Yaegashi M, Jean R, Zuriqat M, et al: Outcome of morbid obesity in 
the intensive care unit. J Intensive Care Med 2005; 20:147–154

 457. Neville AL, Brown CV, Weng J, et al: Obesity is an independent risk 
factor of mortality in severely injured blunt trauma patients. Arch 
Surg 2004; 139:983–987

 458. Bercault N, Boulain T, Kuteifan K, et al: Obesity-related excess mor-
tality rate in an adult intensive care unit: A risk-adjusted matched 
cohort study. Crit Care Med 2004; 32:998–1003

 459. Martino JL, Stapleton RD, Wang M, et al: Extreme obesity and out-
comes in critically ill patients. Chest 2011; 140:1198–1206

 460. Garrouste-Orgeas M, Troché G, Azoulay E, et al: Body mass index. 
An additional prognostic factor in ICU patients. Intensive Care Med 
2004; 30:437–443

 461. Kiraly L, Hurt RT, Van Way CW 3rd: The outcomes of obese patients 
in critical care. JPEN J Parenter Enteral Nutr 2011; 35:29S–35S

 462. Gallagher D, DeLegge M: Body composition (sarcopenia) in obese 
patients: implications for care in the intensive care unit. JPEN J 
Parenter Enteral Nutr 2011; 35:21S–28S

 463. Paolini JB, Mancini J, Genestal M, et al: Predictive value of abdomi-
nal obesity vs. body mass index for determining risk of intensive care 
unit mortality. Crit Care Med 2010; 38:1308–1314

 464. Moisey LL, Mourtzakis M, Cotton BA, et al; Nutrition and 
Rehabilitation Investigators Consortium (NUTRIC): Skeletal muscle 
predicts ventilator-free days, ICU-free days, and mortality in elderly 
ICU patients. Crit Care 2013; 17:R206

 465. Dickerson RN, Boschert KJ, Kudsk KA, et al: Hypocaloric enteral tube 
feeding in critically ill obese patients. Nutrition 2002; 18:241–246

 466. Alberda C, Gramlich L, Jones N, et al: The relationship between 
nutritional intake and clinical outcomes in critically ill patients: results 
of an international multicenter observational study. Intensive Care 
Med 2009; 35:1728–1737

 467. Dickerson RN, Medling TL, Smith AC, et al: Hypocaloric, high-pro-
tein nutrition therapy in older vs younger critically ill patients with 
obesity. JPEN J Parenter Enteral Nutr 2013; 37:342–351

 468. Zauner A, Schneeweiss B, Kneidinger N, et al: Weight-adjusted 
resting energy expenditure is not constant in critically ill patients. 
Intensive Care Med 2006; 32:428–434

 469. Alves VG, da Rocha EE, Gonzalez MC, et al: Assessement of resting 
energy expenditure of obese patients: comparison of indirect calo-
rimetry with formulae. Clin Nutr 2009; 28:299–304

 470. Robinson MK, Mogensen KM, Casey JD, et al: The relationship 
between obesity, nutritional status, and mortality in the critically ill. 
Crit Care Med 2014.

 471. Savini I, Catani MV, Evangelista D, et al: Obesity-associated oxida-
tive stress: strategies finalized to improve redox state. Int J Mol Sci 
2013; 14:10497–10538

 472. Hurt RT, Frazier TH, McClave SA, et al: Pharmaconutrition for the 
obese, critically ill patient. JPEN J Parenter Enteral Nutr 2011; 
35:60S–72S

 473. Dickerson RN, Drover JW: Monitoring nutrition therapy in the criti-
cally ill patient with obesity. JPEN J Parenter Enteral Nutr 2011; 
35:44S–51S

 474. Fujioka K, DiBaise JK, Martindale RG: Nutrition and metabolic 
complications after bariatric surgery and their treatment. JPEN J 
Parenter Enteral Nutr 2011; 35:52S–59S

 475. Geppert CM, Andrews MR, Druyan ME: Ethical issues in artificial 
nutrition and hydration: a review. JPEN J Parenter Enteral Nutr 
2010; 34:79–88

 476. Del Río MI, Shand B, Bonati P, et al: Hydration and nutrition at the 
end of life: a systematic review of emotional impact, perceptions, 
and decision-making among patients, family, and health care staff. 
Psychooncology 2012; 21:913–921

 477. Dev R, Dalal S, Bruera E: Is there a role for parenteral nutrition or 
hydration at the end of life? Curr Opin Support Palliat Care 2012; 
6:365–370

 478. Good P, Cavenagh J, Mather M, Ravenscroft P: Medically assisted 
hydration for palliative care patients. Cochrane Database Syst Rev 
2008; (2):CD006273. doi(2):CD006273.

 479. Bruera E, Hui D, Dalal S, et al: Parenteral hydration in patients with 
advanced cancer: a multicenter, double-blind, placebo-controlled 
randomized trial. J Clin Oncol 2013; 31:111–118

 480. O’Sullivan G: Ethical and effective: approaches to residen-
tial care for people with dementia. Dementia (London) 2013; 
12:111–121

CCMV44N2_Text.indb   438 1/6/2016   7:53:46 PM




