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ABSTRACT

Background: Many controversies exist in the field of
nutrition support today, particularly in the critical care
environment where nutrition plays a more primary
rather than adjunctive role.

Objective: To provide a brief review of current
controversies regarding nutrition therapy in the ICU
focusing on the choices regarding the nutrition regimen
and the safe, consistent delivery of nutrition as
measured by clinical outcomes.

Methods: Selected areas of controversy are discussed
detailing the strengths and weaknesses of the research
behind opposing opinions.

Results: ICU nutrition support controversies include enteral
vs parenteral nutrition, use of supplmental parenteral
nutrition, protein quantity and quality, and polymeric
vs immune-modulating nutrients. Issues surrounding
the safety of nutrition support therapy include gastric
vs small bowel feeding and trophic vs full feeding.
Evidence-based recommendations published by
professional societies are presented.

Conclusion: Understanding a patient’s risk for disease
and predicting their response to treatment will assist
clinicians with selecting those nutrition interventions
that will achieve the best possible outcomes.

ccording to the National Library of Medicine’s
translation of the Hippocratic oath, nowhere
does it explicitly say “First, do no harm.” What is
written is this: “/ will use those dietary regimens which will
benefit my patients according to my greatest ability and
judgement, and | will do no harm or injustice to them” [1].
In another renowned text, one can find this observation
regarding diet by a noted scholar, clinician, and the found-
er of modern nursing, Florence Nightingale: “Every careful

observer of the sick will agree in this that thousands of pa-
tients are annually starved in the midst of plenty, from want
of attention to the ways which alone make it possible for
them to take food” [2,]. While Nightingale was alluding to
malnutrition of hospitalized patients, it seems that her real
concern may have been the iatrogenic malnutrition that in-
evitably accompanies hospitalization, even today [3].

From these philosophic texts, we have two ongoing
controversies in modern day nutrition therapy identified:
(1) what evidence do we have to support the choice of di-
etary regimens (ie, enteral vs parenteral therapy, timing of
supplemental parenteral nutrition, standard vs high pro-
tein formula, polymeric vs immune-modulating nutrients)
that best serve critically ill patients, and (2) how do we
ensure that ICU patients are fed in a safe, consistent, and
effective manner (gastric vs small bowel tube placement,
gastric residual monitoring or not, trophic vs full feeding)
as measured by clinically relevant outcomes? Many con-
troversies exist in the field of nutrition support today [4-7]
and a comprehensive discussion of all of them is beyond
the scope of this paper. In this paper we will provide a
brief review of current controversies focusing on those
mentioned above which have only recently been chal-
lenged by new rigorous randomized clinical trials (RCTs),
and in some cases, subsequent systematic reviews and
meta-analyses [8-11].

The Path to Modern Day Nutrition Support
Therapy

The field of nutrition support, in general, has expanded
greatly over the last 4 decades, but perhaps the most no-
table advancements have occurred in the critical care en-
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vironment where efforts have been directed at advancing
our understanding of the molecular and biological effects
of nutrients in maintaining homeostasis in the critically ill
[6]. In recent years, specialized nutrition, delivered by the
enteral or parenteral route, was finally recognized for its
contribution to important clinical outcomes in the critically
ill population [12]. Critical care clinicians have been edu-
cated about the advances in nutrition therapy designed
to address the unique needs of a vulnerable population
where survival is threatened by poor nutritional status
upon admission, compromised immune function, weak-
ened respiratory muscles with decreased ventilation ca-
pacity, and gastrointestinal (Gl) dysfunction [6]. The rapid
deterioration seen in these patients is exaggerated by the
all too common ICU conditions of systemic inflammatory
response syndrome (SIRS), sepsis, hemodynamic insta-
bility, respiratory failure, coagulation disorders, and acute
kidney injury [13,14].

Beginning in the early 1990s, formulations of enteral
nutrition (EN) contained active nutrients that reportedly
reduced oxidative damage to cells and tissues, modulat-
ed inflammation, and improved feeding tolerance. These
benefits are now referred to as the non-nutritive benefits of
enteral feeding [15]. For the next 20 years, scientific pub-
lications released new results from studies examining the
role of omega-3 fatty acids, antioxidant vitamins, minerals
such as selenium and zinc, ribonucleotides, and condi-
tionally essential amino acids like glutamine and arginine,
in healing and recovery from critical illness. The excitement
was summarized succinctly by Hegazi and Wischmeyer in
2011 when they remarked that the modern ICU clinician
now has scientific data to guide specialized nutrition ther-
apy, for example, choosing formulas supplemented with
anti-inflammatory, immune-modulating, or tolerance-pro-
moting nutrients that have the potential to enhance natural
recovery processes and prevent complications [16].

The improvements in nutritional formulas were accom-
panied by numerous technological advances including
bedside devices (electromagnetic enteral access system,
real-time image-guided disposable feeding tube, smart
feeding pumps with water flush technology) that quickly
and safely establish access for small bowel feedings,
which help minimize risk of gastric aspiration and ventila-
tor-associated pneumonia, promote tolerance, decrease
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radiologic exposure, and may reduce nursing time con-
sumed by tube placements, Gl dysfunction, and patient
discomfort [17-20]. Nasogastric feeding remains the
most common first approach, with local practices, con-
traindications, and ease of placement usually determining
the location of the feeding tube [5]. The advancements
helped to overcome the many barriers to initiating and
maintaining feedings and thus, efforts to feed critically
ill patients early and effectively became more routine,
along with nurse, patient, and family satisfaction. In con-
junction with the innovative approaches to establishing
nutrition therapy, practice guidelines published by United
States, European, and Canadian nutrition societies be-
came widely available in the past decade with graded
evidence-based recommendations for who, when, what,
and how to feed, and unique considerations for various
critically il populations [12,21,22]. The tireless efforts by
the nutrition societies to provide much needed guide-
lines for clinicians were appreciated, yet there was a
wide range in the grade of the recommendations, with
many based on expert opinion alone. In some cases,
the research conducted lacked rigor or had missing data
with obvious limits to the generalizability of results. Nev-
ertheless, for the 7 years between the publication of the
old and newly revised Society of Critical Care Medicine
(SCCM)/ American Society of Parenteral and Enteral
Nutrition (ASPEN) Guidelines (2016), [12,23] nutrition
therapy was a high-priority intervention in most ICUs.
The goal was to initiate feeding within 48 hours, select an
immune-modulating or other metabolic support formula,
and aggressively advance the rate to 80% to 100% of
goal to avoid caloric deficit, impaired intestinal integrity,
nitrogen losses, and functional impairments [9,24,25].
Nutrition support evolved from adjunctive care to its right-
ful place in the ABCD mnemonic of early priorities of ICU
care: Airway, Breathing, Circulation, Diet.

The 2016 joint publication of the SCCM/ASPEN guide-
lines includes primarily randomized controlled trial (RCT)
data, along with some observational trial data, indexed in
any major publication database through December 2013.
In these guidelines there were 98 recommendations, of
which only 5 were a Level 1A; most of the recommenda-
tions were categorized as “expert consensus” [12]. The
results of several important clinical trials in the United



States and Europe that were underway at the time have
since been published and compared to the SCCM/ASPEN
relevant recommendations [7]. The results have forced
nutrition support clinicians to take a step back and re-ex-
amine their practice. For many seasoned clinicians who
comprised the nutrition support teams of the 1980s and
1990s, it feels like a return to the basics. Until biology-driv-
en personalized medicine is commonplace and genotype
data is readily available to guide nutrition therapy for each
critically ill patient, standard enteral feeding that begins
slow and proceeds carefully over 5 to 7 days towards
80% of goal caloric intake under judicious monitoring of
biochemical and metabolic indices may be the “best prac-
tice” today, without risk of harm [15,26]. As in all aspects of
clinical care, this practice is not without controversy.

ICU Nutrition Support Controversies Today
Enteral vs Parenteral Nutrition

There is universal consensus that EN is the preferred route
for nutrition therapy due to the superior physiological re-
sponse and both nutritional and non-nutritional benefits
[24]. Changes in gut permeability tend to occur as illness
progresses and consequences include increased bacterial
challenge, risk for multiple organ dysfunction syndrome,
and systemic infection. It is best to intervene with nutrition
early, defined as within the first 48 hours of ICU admis-
sion, while the likelihood of success and opportunity to
impact the disease process is greater [12]. Early initiation
of feeding provides the necessary nutrients to support
gut-associated lymphoid tissue (GALT), mucosal-associat-
ed lymphoid tissue (MALT), and preserve gut integrity and
microbial diversity [27]. The intestine is an effective barrier
against bacteria and intraluminal toxins due to the high rate
of enterocyte turnover, the mucus secreted by the goblet
cells, and the large amount of protective immunological
tissue; 80% of the immunoglobulins are synthesized in
the Gl tract [28]. Fasting states for procedures or delays
in feeding longer than 3 days for any reason may contrib-
ute to disruption of intestinal integrity through atrophy and
derangements in the physical structure and function of
the microvilli and crypts [29]. Intestinal dysfunction leads
to increased intestinal permeability and the possibility of
bacterial translocation. Intestinal ischemia resulting from
shock and sepsis may produce hypoxia and reperfusion
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injuries further affecting intestinal wall permeability [29]. In
surgical patients, early enteral feeding has been found to
reduce inflammation, oxidative stress, and the catabolic
response to anesthesia and surgical-induced stress, help
restore intestinal motility, reverse enteric mucosal atrophy,
and improve wound healing [26].

We did not have sufficient data to refute the benefits
of EN over PN until the paper by Harvey et al (2014),
which reported no difference in mortality or infectious
complications in ICU patients receiving EN or PN within
36 hours of admission and for up to 5 days [30]. This
was the largest published pragmatic RCT, referred to as
the CALORIES trial, which analyzed 2388 patients from
33 ICUs and resulted in controversy over what was an
unchallenged approach up until this time. It was only a
matter of time before other investigators would set out to
confirm or negate this finding, which is what Elke and co-
workers (2016) did a few years later [31]. They performed
an updated systematic review and meta-analysis to eval-
uate the overall effect of the route of nutrition (EN versus
PN) on clinical outcomes in adult critically ill patients.
Similar to the Harvey et al report, they found no difference
in mortality between the two routes of nutrition. However,
unlike the earlier report, patients receiving EN compared
to PN had a significant reduction in the number of infec-
tious complications and ICU length of stay. No significant
effect was found for hospital length of stay or days requir-
ing mechanical ventilation. The authors suggest that EN
delivery of macronutrients below predefined targets may
be responsible as PN is more likely to meet or exceed
these targets and overwhelm metabolic capacity in the
early days of critical illness [31].

The most recent trial prompting even more discussion
about early PN versus early EN in mechanically ventilated
ICU patients in shock is the Reignier et al (2018) NUTRI-
REA-2 trial involving 2410 patients from 44 ICUs in France
[32]. The investigators hypothesized that outcomes would
be better with early exclusive EN compared to early ex-
clusive PN; their hypothesis was not supported by the
results, which found no difference in 28-day mortality
or ICU-acquired infections. Also unexpected was the
higher cumulative incidence of gastrointestinal complica-
tions including vomiting, diarrhea, bowel ischemia, and
acute colonic obstruction in the EN group. The trial was
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stopped early after an interim analysis determined that
additional enrollment was not likely to significantly change
the results of the trial. Given the similarities between the
CALORIES trial and this NUTRIREA-2 ftrial, clinicians
now have mounting evidence that equivalent options
for nutrition therapy exist and an appropriate selection
should be made based on patient-specific indications
and treatment goals. In summary, EN remains preferable
to PN for the majority of adult critically ill patients due to
crucial support of gut integrity, but the optimal dose or
rate of delivery to favorably influence clinical outcomes in
the first few days following admission remains unknown.

Use of Supplemental Parenteral Nutrition

Both the nutrition support and bench science commu-
nities have learned a great deal about PN over the 4
decades it has been in existence, with the most com-
pelling data coming from more recent trials [31-38]. This
is because it has taken many years to recover from the
days of hyperalimentation or overfeeding ICU patients by
providing excessive calories to meet the elevated energy
demands and to reverse the hypercatabolism of critical
illness. This approach contributed to the complications
of hyperglycemia, hyperlipidemia, increased infectious
complications, and liver steatosis, all of which gave PN a
negative reputation [37]. We now have adjusted the calor-
ic distribution and the actual formulation of PN using the
recent FDA-approved lipid emulsion (Soy, Medium-chain
triglycerides, Olive oil, and Fish oil; SMOF) and created
protocols for administering it based on specific indica-
tions, such as loss of Gl integrity or demonstrated intoler-
ance. In general, the advances in PN have led to a safer
more therapeutic formulation that has its place in critical
illness. Manzanares et al [40] reported a trend toward a
decrease in ventilation requirement and mortality when a
fish oil-containing lipid emulsion was administered to pa-
tients who were receiving nutrition support either enterally
or parenterally. The meta-analysis combined all soybean
oil-sparing lipid emulsions for comparison with soybean
oil and was able to show the trend for improved clinical
outcomes with soybean oil-sparing lipid emulsions. The
main findings of this meta-analysis were that fish oil-con-
taining lipid emulsions may reduce infections and may
be associated with a tendency toward fewer mechanical
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ventilation days, although not mortality, when compared
with soybean oil-based strategies or administration of
other alternative lipid emulsions in ICU patients [40]. Re-
cent trial results do not change the recommendation for
selecting EN first but do suggest lowering the threshold
for using PN when EN alone is insufficient to meet nu-
trition goals. A systematic review reported no benefit of
early supplemental PN over late supplemental PN and
cautioned that our continued inability to explain greater
infectious morbidity and unresolved organ failure limits
any justification for early PN [35].

Protein Quantity and Quality

The practice of providing protein in the range of 1.2-2.0 g/
kg actual body weight early in critical illness is suggested
by expert consensus in the 2016 SCCM/ASPEN guide-
lines [12]; however, the evidence for efficacy remains con-
troversial. It is argued that the evidence for benefit comes
from observational studies, not from prospective RCTs,
and that the patients at high risk are often excluded from
study protocols. It has also been suggested that in pa-
tients with limited vital organ function increased protein
delivery may lead to organ compromise. In a recent (2017)
paper, Rooyackers et al discussed the post-hoc analyses
of data from the EPANIC Trial stating the statistical cor-
relation between protein intake and outcomes indicate
that protein was associated with unfavorable outcomes,
possibly by inhibiting autophagy [41].

The nutrition support community may have widely
varying approaches to feeding critically ill patients but
most experts agree that protein may be the most import-
ant macronutrient delivered during critical iliness. There
is consensus that the hypercatabolism associated with
stress induces proteolysis and the loss of lean muscle
mass, which may affect clinical and functional outcomes
beyond the ICU stay. Using multiple assessment modal-
ities, Puthucheary et al (2013) demonstrated a reduction
in the rectus femoris muscle of 12.5% over the first week
of hospitalization in the ICU and up to 17.7% by day 10.
These numbers imply that sufficient protein of at least 1.2
g/kg/day should be provided to minimize these losses,
even if the effect on overall outcome remains unknown
[42]. Evidence is lacking for whether or not we can pre-
vent the muscle wasting that occurs in critical illness with



increased protein dosing. We also need to better identify
the possible risks involved with a high-protein intake at
the level of the individual patient. A secondary analysis
done by Heyland et al (2013) determined that no specific
dose or type of macronutrient was found to be associ-
ated with improved outcome [43]. It is clear that more
large-scale RCTs of protein/amino acid interventions are
needed to prove that these nutrition interventions have
favorable effects on clinically important outcomes, includ-
ing long-term physical function.

Polymeric vs Immune-Modulating Nutrients
The Marik and Zaloga (2008) systematic review on im-
munonutrition in the critically ill convinced most clinicians
that while fish-oil based immunonutrition improves the
outcome of medical ICU patients, diets supplemented
with arginine, with or without glutamine or fish oils, do
not demonstrate an advantage over standard enteral
products in general ICU, trauma, or burn patients [44].
What followed these trials examining early formulations
of immunonutrition was decades of well-intentioned re-
search dedicated to elucidating the mechanism of action
for individual immune-modulating nutrients for various
populations, including those with acute lung injury/acute
respiratory distress syndrome (ARDS) [45-47], sepsis/
systemic inflammatory response syndrome [48-50], head
and neck cancer [51], upper and lower Gl cancer [52-55],
and severe acute pancreatitis [56]. Our understanding of
immunonutrition and the administration of this formula-
tion in specific disease conditions has grown consider-
ably yet clinicians are still asking exactly what is the role
of immunonutrition and who stands to benefit the most
from immune-modulating nutrition therapy. The enteral
formulations currently available have a proprietary com-
position and dosage of individual nutrients which yield un-
predictable physiologic effects. In addition, the pervasive
problem of underfeeding during hospitalization prevents
adequate delivery of physiologic doses of nutrients thus
contributing to the widely variable research results.
Prevailing expert opinion today is that the majority
of critically ill patients will benefit from nutrition support
initiated early and delivered consistently; the standard
polymeric formula will suffice for the majority of patients
with surgical ICU patients potentially deriving benefit from
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immunonutrition that supports a reduction in infectious
complications [57]. In the recent multiple-treatment meta-
analysis performed by Mazaki et al (2015) involving 74
studies and 7572 patients, immunonutrition was ranked
first for reducing the incidence of 7 complications ac-
cording to the surface under the cumulative ranking
curve; these were as follows: any infection, 0.86; overall
complication, 0.88; mortality, 0.81; wound infection, 0.79;
intra-abdominal abscess, 0.98; anastomotic leak, 0.79;
and sepsis, 0.92. immunonutrition was ranked second
for reducing ventilator-associated pneumonia and cathe-
ter-associated urinary tract infection (CAUTI), behind im-
mune-modulating PN. The authors stated that immuno-
nutrition was efficacious for reducing the incidence of
complications in Gl surgery unrelated to the timing of ad-
ministration [57]. The 2014 publication of results from the
MetaPlus Trial [58] challenged the published recommen-
dations for the use of immunonutrition in the medical crit-
ically ill population. This trial used high-protein immuno-
nutrition or standard formula for 301 adult critically
ill patients in 14 European ICUs with diagnoses such as
pneumonia or infections of the urinary tract, bloodstream,
central nervous system, eye, ear, nose or throat, and the
skin and soft tissue. Even with higher than average target
energy intakes of 70% for the high protein immunonutri-
tion group and 80% for the high protein standard group,
there were no statistically significant differences in the
primary outcome of new infections, or the secondary
outcomes of days on mechanical ventilation, Sequential
Organ Failure Assessment scores, or ICU and hospital
length of stay. However, the 6-month mortality rate of
28% was higher in the medical subgroup [58]. Using
these results, as well as existing publications of negative
outcomes in medical ICU patients [44,46], the SCCM/
ASPEN Guidelines Committee updated its position in
2016 to suggest that immunonutrition formulations or
disease-specific formulations should no longer be used
routinely in medical ICU patients, including those with
acute lung injury/ARDS [12]. The Committee did suggest
that these formulations should be reserved for patients
with traumatic brain injury and for surgical ICU patients.
The benefit for ICU postoperative patients has been
linked to the synergistic effect of fish oil and arginine,
which must both be present to achieve outcome benefits.
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A meta-analysis comprised of 35 trials was conducted by
Drover et al [58], who reported that administering an ar-
ginine and fish oil-containing formula postoperatively re-
duced infection (RR 0.78; 95% Cl, 0.64 to 0.95; P = 0.01)
and hospital length of stay (WMD -2.23, 95% CI, —-3.80
to —0.65; P = 0.006) but not mortality, when compared to
use of a standard formula. Similar results were reported
in a second meta-analysis [56], thus providing supportive
evidence for the current SCCM/ASPEN recommendation
to use an immune-modulating formula (containing both
arginine and fish ails) in the SICU for the postoperative
patient who requires EN therapy [12].

Safe, Consistent, and Effective Nutrition
Support Therapy

Gastric vs Small Bowel Feeding

There is a large group of critically ill patients in whom im-
paired gastric emptying presents challenges to feeding;
50% of mechanically ventilated patients demonstrate
delayed gastric emptying, and 80% of patients with in-
creased intracranial pressure following head injury [60].
In one prospective RCT, Huang et al (2012) showed that
severely ill patients (defined by an APACHE Il score >
20) fed by the nasoduodenal route experienced signifi-
cantly shortened hospital LOS, fewer complications, and
improved nutrient delivery compared to similar patients
fed by the nasogastric route. Less severely ill patients
(APACHE Il < 20) showed no differences between na-
sogastric and nasoduodenal feeding for the same out-
comes [61]. A recent systematic review [17] pooled data
from 14 trials of 1109 participants who received either
gastric or small bowel feeding. Moderate quality evidence
suggested that post-pyloric feeding was associated with
lower rates of pneumonia compared with gastric feed-
ing (RR 0.65, 95% Cl, 0.51 to 0.84). Low-quality evidence
showed an increase in the percentage of total nutrient
delivered to the patient by post-pyloric feeding (mean
difference 7.8%, 95% Cl, 1.43 to 14.18). Overall, the au-
thors found a 30% lower rate of pneumonia associated
with post-pyloric feeding. There is insufficient evidence
to show that other clinically important outcomes such as
duration of mechanical ventilation, mortality, or LOS were
affected by the site of feeding. The American Thoracic
Society and ASPEN, as well as the Infectious Diseases
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Society of America, have published guidelines in support
of small bowel feeding in the ICU setting due to its asso-
ciation with reduced incidence of health care—associated
infections, specifically ventilator-associated pneumonia
[62]. The experts who developed the SCCM/ASPEN and
Canadian guidelines stress that critically ill patients at high
risk for aspiration or feeding intolerance should be fed
using small bowel access [12,21]. The reality in ICU clin-
ical practice is that many centers will begin with gastric
feeding, barring absolute contraindications, and carefully
monitor the patient for signs of intolerance before moving
the feeding tube tip into a post-pyloric location. This fol-
lows the general recommendation by experts saying in
most critically ill patients, it is acceptable to initiate EN in
the stomach [12,21]. Protocols that guide management
of risk prevention and intolerance typically recommend
head of bed elevation, prokinetic agents, and frequent
abdominal assessments [63,64].

Once the decision is made to use a post-pyloric feed-
ing tube for nutrition therapy, the next decision is how to
safely place the tube, ensure the tip is in an acceptable
small bowel location, and minimize delays in feeding.
Challenges related to feeding tube insertion may pre-
clude timely advancement to nutrition goals. Placement
of feeding tubes into the post-pyloric position is often
done at the bedside by trained nursing or medical staff
without endoscopic or fluoroscopic guidance; however,
the blind bedside approach is not without risks. Success
rates of this approach vary greatly depending on the pa-
tient population and provider expertise. Placement using
endoscopic or fluoroscopic guidance is a safe alternative
but usually requires coordinating a transport to the radio-
logic suite, posing safety risks and possible feeding delays
for the patient [65]. Bedside use of an electromagnetic
placement device (EMPD), such as Cortrak, provides yet
another alternative with reports in the literature of 98%
success rates for initial placement in less than 20 minutes.
In a multicenter prospective study by Powers et al (2011),
only one of 194 patients enrolled had data showing a
discrepancy between the original EMPD verification and
the final radiograph interpretation, demonstrating a 99.5%
agreement between the two readings [20]. Median place-
ment time was 12 minutes and no patient experienced an
adverse event related to tube insertion using this device.



The ability to monitor the location of the feeding tube tip in
real time provides a desirable safety feature for the clinician
performing bedside insertions. Nurses should consider in-
corporating the EMPD into the unit feeding protocol, as this
would reduce the time to initiation of feedings with early
and accurate tube insertion. Ongoing staff education and
experience with the procedure are necessary elements to
achieve the high rates of success often reported in the lit-
erature [66,67]. Procedural complications from placement
of nasoenteral feeding tubes by all methods can be as high
as 10%, with complication rates of 1% to 3% for inadver-
tent placement of the feeding tube in the airway alone [65].
Radiographic confirmation of tube placement is advised
prior to initiating feeding, thus eliminating any possibility of
misplacement and administration of formula into the lungs.

Gastric Residual Volume Monitoring

A number of factors impede the delivery of EN in the criti-
cal care setting; these include gastrointestinal intolerance,
under-prescribing to meet daily requirements, frequent
interruptions for procedures, and technical issues with
tube placement and maintaining patency [68]. Monitoring
gastric residual volumes (GRV) contributes to these fac-
tors, yet volumes do not correlate well with incidence of
pneumonia [69], measures of gastric emptying, or to the
incidence of regurgitation and aspiration [70,71]. However,
few studies have highlighted the difficulty of obtaining an
accurate GRV due to feeding tube tip location, patient po-
sition, and type of tube [69]. Several high quality studies
have demonstrated that raising the cutoff value for GRV
from a lower number of 50-150 mL to a higher number
of 250-500 mL does not increase risk for regurgitation,
aspiration, or pneumonia [70,71]. A lower cutoff value for
GRV does not protect the patient from complications,
often leads to inappropriate cessation, and may adverse-
ly affect outcome through reduced volume of EN infused
[72]. Gastric residual volumes in the range of 200-500 mL
should raise concern and lead to the implementation of
measures to reduce risk of aspiration, but automatic ces-
sation of feeding should not occur for GRV < 500 mL in
the absence of other signs of intolerance [12,69]. Metheny
et al (2012) conducted a survey in which more than 97%
of nurses responded that they assessed intolerance by
measuring GRV; the most frequently cited threshold lev-
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els for interrupting feedings were 200 mL and 250 mL
[73]. While threshold levels varied widely, only 12.6% of
the nurse respondents reported allowing GRV up to 500
mL before interrupting feedings. While monitoring GRV is
unnecessary with small bowel feeding, the location of the
feeding tube tip should be questioned if gastric contents
are obtained from a small bowel tube. The use of GRV as
a parameter for trending may also yield important infor-
mation regarding tolerance of feeding when the patient
is unable to communicate abdominal discomfort. Other
objective measures to use in the assessment of toler-
ance include an abdominal exam with documentation of
changes in bowel sounds, expanding girth, tenderness or
firmness on palpation, increasing nasogastric output, and
vomiting [12,68]. If there are indications of intolerance, it
is appropriate to divert the tip of the feeding tube into the
distal small bowel as discussed previously.

Trophic vs Full Feeding

For the patient with low nutrition risk, there is a lack of con-
vincing data to support an aggressive approach to feeding,
either EN or PN, in the first week of critical illness [7]. In
recent years, results of several trials suggest early goal-di-
rected feeding in this population may cause net harm with
increased morbidity and mortality. When discussing recent
controversies in critical care nutrition, one must mention
the two schools of thought when it comes to full versus
limited energy provision in the first week following ICU ad-
mission. Studies in animals and humans have shown a
trophic effect of enteral nutrients on the integrity of the gut
mucosa, a finding that has provided the rationale for insti-
tuting enteral nutrition early during critical illness [15]. How-
ever, the inability to provide enteral nutrition early may be a
marker of the severity of illness (ie, patients who can be fed
enterally are less ill than those who cannot) rather than a
mediator of complications and poor outcomes. Compher
et al (2017) stated that greater nutritional intake is associ-
ated with lower mortality and faster time to discharge alive
in high-risk, chronic patients but does not seem to be sig-
nificant in nutritionally low-risk patients [74]. The findings of
the EPaNIC and EDEN trials raised concern that target-
ing goals that meet full energy needs early in critical illness
does not provide benefit and may cause harm in some
populations or settings [32,75]. The EDEN trial [32] left us
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Table. Summary of Key Points

Issue
Choice of Dietary Regimen

Enteral vs parenteral
nutrition

Supplemental parenteral
nutrition

Protein quantity and quality

Polymeric vs immune-
modulating nutrients

Current Approach

Enteral nutrition (EN), initiated within 48 hours of ICU admission, remains the preferred approach for its
nutritional and non-nutritional benefits.

EN compared with parenteral nutrition (PN) may yield a reduction in number of infectious complications and
ICU length of stay; however, a higher incidence of gastrointestinal complications with EN has been reported.

Nutrition therapy, either EN or PN, can be safely administered and should be based on patient-specific
indications and treatment goals. The optimal dose or rate of delivery to favorably influence clinical
outcomes requires further research.

New FDA-approved formulations of lipid emulsion have been shown to reduce infections and may be
associated with fewer mechanical ventilation days, although there has been no change in mortality when
compared with previous soybean-based lipid emulsions.

Supplemental PN may be appropriate to use when EN alone is insufficient to meet nutrition goals.

Large muscle losses during critical illness suggest that sufficient protein of at least 1.2 g/kg/day should be
provided to minimize further losses, even if the effect on overall outcome remains unknown.

A secondary analysis in 2013 revealed no specific dose or type of macronutrient was found to be
associated with improved outcome. Large scale RCTs of protein/amino acid interventions are greatly
needed.

Currently available EN formulations have a proprietary composition and dose of individual immune-
modulating nutrients (IMN) which yield unpredictable effects on patient outcome.

A standard polymeric formula will suffice for the majority of ICU patients; surgical ICU patients may derive
specific benefit from IMN through a reduction of infectious complications.

Sufficiently strong evidence from meta-analyses supports the combined use of arginine and fish oil for
surgical ICU patients while avoiding the use of IMN in the medical ICU population.

Nutrition Support Therapy Safety

Gastric vs small bowel
feeding

Gastric residual monitoring

Trophic vs full feeding

Moderate quality evidence from a recent systematic review (2017) supports the use of a post-pyloric
feeding tube to achieve lower rates of pneumonia compared with a gastric feeding tube.

Low quality evidence showed an increase in the percentage of total nutrients delivered to the patient by
post-pyloric feeding than by gastric feeding.

There is insufficient evidence to show that other clinically important outcomes such as duration of
mechanical ventilation, mortality, or LOS are affected by feeding site.

The ability to monitor tube placement in real time using an electromagnetic placement device, is a
desirable safety feature for the clinician performing bedside insertion. Use of a unit protocol, and ongoing
staff education, are recommended to ensure safe and timely tube placement and initiation of feeding.

Use of gastric residual volumes to predict tube tip location, aspiration, and/or intolerance is a common
nursing practice without scientific evidence.

Frequent checking of gastric residual volumes contributes to feeding interruptions, tube clogging, and
potentially, undernutrition.

For patients deemed to be at low nutrition risk, there is a lack of convincing data to support an aggressive
approach to feeding in the first week of critical illness.

Recent trials of large number of patients using different feeding targets (40%—-60% of goal vs 70%-100%
of goal) have confirmed that there is no difference in outcome between groups for energy intake, infection
rate, or 90-day mortality.

Evidence suggests that intake greater than 65%—70% of daily caloric requirement in the first 7-10 days
of critical illness may be associated with worse outcomes, particularly when supplemental PN is used to
achieve the caloric target.
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believing that trophic feeding at 10-20 mL/hr may be just
as effective as any feeding in the first few days of critical
ilness striving for 15% to 20% of daily goal calories. After
establishing tolerance, advancing daily intake to > 50% to
65% of goal calories, and up to 80% for the highest risk
patients, may be required to prevent intestinal permeability
and achieve positive clinical outcomes [33].

The systematic review and meta-analysis performed
by Al-Dorzi et al (2016) adds further evidence for judicious
advancement of EN for critically ill patients [76]. The au-
thors reported finding no association between the dose
of caloric intake and hospital mortality. Furthermore, a
lower caloric intake resulted in lower risk of bloodstream
infections and the need for renal replacement therapy (in
5 of the 21 trials only). As with many other meta-analyses,
the authors reported that their results are most assuredly
impacted by the heterogeneity in design, feeding route,
and dose prescribed and delivered [16,76,77]. Other recent
trials such as Arabi et al (2015) that enrolled 894 patients
with different feeding targets further confirmed that there
is no difference in outcome between groups when it
comes to moderate (40% to 60% of goal) vs high (70%
to 100% of goal) energy intake, infection rates, or 90-day
mortality. The authors summarized their findings saying
feeding closer to target is associated with better outcomes
compared with severe underfeeding [78]. This adds to the
controversy when considering the findings of still other
RCTs or meta-analyses that evaluated minimal or trophic
feeding versus standard feeding rates [9,46,77]. The me-
ta-analysis performed by Marik and Hooper concluded
that there were no differences in the risk of acquired
infections, hospital mortality, ICU LOS, or ventilator-free
days whether patients received intentional hypocaloric
or normocaloric nutrition support [9]. Similarly, there was
no significant difference in overall mortality between the
underfeeding and full-feeding groups (OR, 0.94; 95% ClI,
0.74-1.19; 12 = 26.6%; P = 0.61) in the meta-analysis done
by Choi et al (2015), although only 4 trials were included
to ensure homogeneity of the population and the inter-
vention [77]. Furthermore, the hospital LOS and ICU LOS
did not differ between the 2 groups, nor did any other
secondary clinical outcome, leading the authors to con-
clude that calorie intake of the initial EN support for ICU
patients had no bearing on relevant outcomes.

Clinical Review

Recent studies have attempted to correlate caloric
intake and patient outcomes without success; achieving
100% of caloric goal has not favorably impacted morbid-
ity and mortality. Evidence suggests that intake greater
than 65% to 70% of daily caloric requirement in the first
7 to 10 days of ICU stay may be associated with poorer
outcomes, particularly when parenteral nutrition is used to
supplement intake to achieve the caloric target [33-35].

Conclusion

In this review we described current ICU controversies sur-
rounding nutrition therapy and briefly discussed the data
that support more than one course of action. A summary
of key points covered is presented in the Table. As we
implied, it appears nutrition support clinicians are at a
crossroads where the best and safest course for nutrition
therapy is to act early, proceed cautiously, monitor close-
ly, and adjust as needed. This will ensure our “dietary reg-
imens do no harm” and, at a minimum, reduce the con-
tinued breakdown of protein through muscle catabolism.
Ultimately, we all hope to achieve the goal of healing and
recovery from the unpredictable course of critical illness.

Disclaimer: The views expressed in this paper are those of the au-
thors and do not reflect the official policy of the Department of the
Army, the Department of Defense, or the U.S. government.
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