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Abstract

Purpose of Review To discuss the different forms of enteral nutrition, while outlining available evidence for its use in specific
conditions and how enteral nutrition composition may or may not influence relevant outcomes.

Recent Findings Enteral nutrition formulas were originally conceived as a liquid form of nutrition for individuals who otherwise
could not consume adequate calories through solid food. Over time, the emergence of specialty formulas marketed to benefit
specific diseases or conditions has led to a broad range of potentially confusing options. While most options have theoretical
benefit for their marketed conditions, the evidence demonstrating practical benefit is not consistent.

Summary Overall, the certainty of evidence for specialty formulas remains low or very low. In most instances, one could begin
with standard polymeric formula, except in cases where disease-specific formulas are recommended. Much research is nonethe-
less still needed to clarify whether some disease-specific formulas are truly beneficial or merely theoretical features.

Keywords Enteral nutrition - Elemental formula - Semi-elemental formula - Immunonutrition

Introduction

Enteral nutrition (EN) involves the administration of a liquid
formula into the gastrointestinal tract as an exclusive or partial
source of nutrition. EN is often administered via a feeding
tube (e.g., nasogastric, nasoduodenal, gastrojejunostomy,
jejunostomy), although the term is often used interchangeably
with the subclass of oral nutrition supplements (ONS)
intended for oral consumption. While EN was originally con-
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ceived to primarily address the nutritional needs of individuals
who could not otherwise consume adequate calories by
mouth, specialty EN formulas later emerged on the market
to benefit specific diseases or conditions. This has led to a
dizzying array of formula options that vary in the type,
amount, and complexity of macronutrients (carbohydrates,
protein, fats) and micronutrients, caloric density, and
osmolarity.

EN formulas can be generally classified as standard (poly-
meric), peptide-based (elemental or semi-elemental), im-
mune-modulating, disease-specific, and food-based [1]. The
classification is primarily based on the protein constituent of
the formula with variations based on the overall composition
of the formula. Standard polymeric formulas have intact mac-
ronutrients and may also have dietary fiber from various
sources, such as soy polysaccharides, guar gum, fructo-
oligosaccharides (FOS), and inulin. Normal or near normal
digestive and absorptive functions are necessary for the use
of polymeric formulas. Elemental formulas contain hydro-
lyzed (“pre-digested”) free amino acids, while semi-
elemental formulas contain oligopeptides. These formulations
may also include oligosaccharides and medium-chain triglyc-
erides (MCT) that are theoretically more readily absorbed in
the upper gastrointestinal tract, leading to more complete nu-
trient absorption and less stool residue. Elemental formulas
are generally reserved for those who have not tolerated other
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formulas and continue to exhibit symptoms of maldigestion or
malabsorption. Immune-modulating and disease-specific for-
mulas are designed for specific diseases or conditions.
Depending on the product, the formula may have additions
(e.g., omega-3 fatty acids, L-arginine, nucleotides, antioxi-
dants) or restrictions (e.g., carbohydrates for diabetes, lactose,
gluten) of specific nutrients to meet needs for disease manage-
ment and may not necessarily meet the individual’s full nutri-
tional needs. An alternative to the synthetic formulas are
blenderized foods, which are viewed to provide the full nutri-
tional content and value of real food, but in liquid form; these
are often touted by its advocates as more “natural” and
“complete.”

This review discusses specific conditions that are purported
to benefit from EN, while outlining the available evidence for
its use in these conditions and how EN composition may or
may not influence outcomes.

Gastrointestinal Disorders
Inflammatory Bowel Disease

Exclusive enteral nutrition (EEN) involves the use of EN as
the predominant source of nutrition, while concurrently
abstaining from other food sources. EEN is effective for the
induction of remission in Crohn’s disease (CD) and is consid-
ered a first-line treatment for pediatric CD in Europe [2].
Acceptance of EEN as an intervention has been slow in the
United States (US) primarily due to poor tolerability, accep-
tance, and compliance. An underlying premise of EEN for CD
is the reduced exposure of the intestinal mucosa to potentially
pro-inflammatory food antigens. A commercial formula with
tumor growth factor-beta (TGF-3) has been marketed in
Europe and elsewhere for the treatment of CD, but it is not
currently available in the US due to legal restrictions on prod-
ucts that claim efficacy for specific diseases without undergo-
ing the traditional drug testing and approval process.
Nonetheless, a systematic review by the Cochrane
Collaboration found no significant difference in the efficacy
of elemental, semi-elemental, or polymeric formulas for the
induction of remission in CD, so the need for specialty formu-
las isunclear [3¢¢]. As for the maintenance of remission in CD,
there are still insufficient data on the efficacy and safety of EN.

Given the poor tolerability of EEN, particularly for adults
in the long-term, few studies have explored the use of partial
enteral nutrition (PEN), where solid foods are permitted in
addition to EN for consumption. An observational open-label,
uncontrolled cohort study of 47 children and young adults
with CD showed that PEN—where up to 50% of calories
derived from polymeric EN and the remainder of calories
from an exclusion diet—induced remission in 70% of partic-
ipants [4]. An RCT of 50 children with CD later found EN to
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be superior to PEN for the induction of remission (42% vs.
15%; P =0.04) [5]. Briefly, there is currently insufficient ev-
idence at present to recommend PEN for the induction of
remission in CD.

For ulcerative colitis (UC), an early case series has sug-
gested EEN to be helpful, although prospective studies are
grossly lacking [6].

Gastrointestinal Intolerance and Malabsorption

Fiber-containing formulas have been used in the man-
agement of diarrhea presumably resulting from EN ad-
ministration. However, the evidence to support this
practice is currently unclear. An earlier meta-analysis
of 7 randomized controlled trials (RCT) with 400 pa-
tients on EN did not find dietary fiber to improve diar-
rhea, although a subgroup analysis revealed benefit in
non-critically ill patients [7]. A more recent meta-
analysis from 2015 of 26 RCT and observational studies
found fiber to reduce diarrhea in patients on EN [8].
Similar to the earlier meta-analysis, subgroup analyses
revealed that this benefit was only seen in non-critically
ill patients. The lack of benefit from fiber in the criti-
cally ill population may stem from multi-factorial in-
sults, such as antibiotic use, intestinal dysbiosis, intesti-
nal inflammation, and loss of intestinal mucosal
integrity.

Fibers in EN formulas usually comprise soy polysaccha-
rides and guar gum, although newer formulas may have fiber
in the form of FOS and inulin, which are fermentable oligo-
saccharides. Interestingly, fermentable oligo-, di-, monosac-
charides, and polyols (FODMAPs) have recently garnered
attention as a potential contributor to diarrhea while on EN
and in general [9]. Dietary reduction of FODMAPs has been
demonstrated across RCTs to improve symptoms of irritable
bowel syndrome (IBS) [10¢]. As such, EN formulas low in
FODMAPs have been marketed for individuals with digestive
intolerances, discomfort, or IBS-associated symptoms. An
RCT of 84 patients who were administered EN with low-,
moderate-, and high-FODMAP content for 14 days revealed
greater improvement in diarrheal symptoms (among those
with baseline diarrhea) in the low-FODMAP group [11].

Elemental and semi-elemental formulas are also often
used in clinical practice for individuals with symptoms
suspected from intestinal malabsorption. The premise of
this practice stems from the concept that pre-digested
macronutrients in their simplest forms are more readily
absorbed and lead to less stool output. While this is a
logical assumption to support the use of peptide-based
formulas in patients with diarrhea, there are no clear
data to suggest that this strategy is generally effective.

Patients with short bowel syndrome could potentially be
candidates for these formulas due to significant risk of
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malabsorption. However, a small study of 7 patients with end
jejunostomies found no benefit of a peptide-based formula
over a polymeric one [12]. Patients would nonetheless benefit
from polymeric formulas, as they have been shown to aug-
ment intestinal adaptation [13, 14]. The 2016 guidelines from
the European Society for Clinical Nutrition and Metabolism
(ESPEN) recommend the use of isotonic polymeric EN for-
mulas to promote intestinal adaptation in short bowel syn-
drome [15].

Specialty formulas have also been marketed with hypoal-
lergenic variants for individuals with specific or unclear food
allergies. Their compositions may include an elemental for-
mulation and may also exclude lactose, soy, and intact cow’s
milk protein, food components that have typically been asso-
ciated with food allergies. Although not specifically marketed
as being hypoallergenic, there are other enteral formulas from
reputable manufacturers that specifically exclude certain sub-
stances, such as gluten, whey, casein, egg, and soy. There are
currently no rigorous studies evaluating the efficacy of these
formulas for patients with gastrointestinal sensitivity or
intolerance.

Pancreatitis

The use of immunomodulating formulas have been ex-
plored for acute pancreatitis. These formulas are primar-
ily comprised of the standard EN mixture and supple-
mented with L-glutamine, L-arginine, nucleotides, and
omega-3 polyunsaturated fatty acids (PUFAs). The pre-
mise of these immunomodulating formulas involves the
attenuation of the inflammatory response that subse-
quently reduces the self-perpetuating cycle of pancreatic
autolysis and inflammation-provoking injury. In a small
study of 32 patients with acute pancreatitis, a Chinese
group revealed that early EN containing glutamine and
arginine had lower intestinal permeability and serum
endotoxin levels [16]. A small RCT of 28 patients with
moderate-severe acute pancreatitis showed that exoge-
nous omega-3 PUFA reduced the time of jejunal feeding
and LOS [17]. However, a meta-analysis of 3 RCTs
comparing immunonutrition with standard EN did not
show a difference in the risk of total infectious compli-
cations, death, or length of stay in patients with acute
pancreatitis [18]. A subsequently larger meta-analysis of
12 RCTs showed that glutamine supplementation re-
duced infectious complications and mortality, but not
length of stay, in patients with acute pancreatitis [19].
However, subgroup analyses revealed that this benefit
was only present among patients who received parenter-
al nutrition in addition to EN. The authors therefore
concluded that glutamine supplementation with EN is
not required for acute pancreatitis.

Chyle Leaks

In the nutritional management of chyle leaks, there is near-
complete restriction of long-chain triglycerides either through
a fat-free diet or the administration of elemental EN formulas.
MCT-containing elemental formulas are often utilized for the
short term (2 weeks) to decrease chyle output and promote
closure. If the leak persists, parenteral nutrition is indicated. In
earlier case reports, successful treatment of chylous fistulas
was done with administration of MCT-containing enteral for-
mulas [20]. In a retrospective review of 245 patients that
underwent pancreatic resection, 40 developed a chyle leak
while on EN. The patients were later switched to an MCT-
containing EN formula that ultimately led to the resolution of
the chyle leaks [21]. None of these patients required further
surgical intervention or parenteral nutrition.

Hepatic Disorders

Polymeric formulas often suffice for patients with hepatic dis-
ease, particularly those who cannot meet their nutritional needs
by mouth. In the presence of ascites, formulas with a higher
caloric density and fluid restriction are preferred to reduce the
volume of intake. Consumption of ONS is initially recommend-
ed, but fine-bore nasogastric or nasoduodenal delivery would
be appropriate—even in the presence of esophageal varices—
for patients unable to consume adequate oral intake [22].
Gastrostomy tubes are not recommended in patients with
ascites.

For patients who develop hepatic encephalopathy, enteral
formulas enriched in branched-chain amino acids (valine, leu-
cine, isoleucine) have been proposed, as these amino acids
less readily cross the blood-brain barrier. In an early random-
ized trial of 37 patients with protein-intolerant hepatic cirrho-
sis, those who received a branched-chain amino acid solution
had lower risk of developing encephalopathy than those who
received dietary protein [23]. A subsequent systematic review
by the Cochrane Collaboration that included 16 RCTs among
827 participants found branched-chain amino acids improved
hepatic encephalopathy; the data for this outcome were graded
as high-certainty evidence [24]. This observation persisted
even when excluding trials with lactulose or neomycin, and
a separate analysis found no difference between branched-
chain amino acids and lactulose or neomycin. There was how-
ever no effect on nutritional parameters, quality of life, or
mortality, and the investigators concede that further investiga-
tion is still needed to more rigorously evaluate these out-
comes. Joint guidelines from American Society for
Parenteral and Enteral Nutrition (ASPEN) and the Society of
Critical Care Medicine (SCCM) do not recommend routine
use of branched-chain amino acid formulas above standard
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formulations, citing no evidence of added benefit for critically
ill patients with encephalopathy [25¢].

Diabetes

Nutrition and pharmacologic approaches to glycemic
control during EN administration are based on several
factors, such as the degree of hyperglycemia, presence
of critical illness, carbohydrate content in the regimen,
and pattern of delivery (continuous, bolus, or nocturnal).
To improve hyperglycemia, diabetes-specific formulas
have a lower carbohydrate provision with slowly digest-
ible forms of carbohydrates (e.g., isomaltose, oligosac-
charides, fructose, and source of starch) and a higher
concentration of fats as monounsaturated fats. Dietary
fiber may be present in the form of FOS and soy fiber.

The effectiveness of diabetes-specific formulas in the gly-
cemic management in diabetic patients is currently unclear.
An early meta-analysis of 6 RCTs with 203 participants with
type 11 diabetes similarly found that diabetes-specific formu-
las, when compared with standard formulas, led to a lower
post-prandial rise in serum glucose concentrations; 2 RCTs
with 44 participants showed diabetes-specific formulas to lead
to lower peak blood glucose concentrations [26]. Several
small studies subsequently confirmed diabetes-specific for-
mulas reduced post-prandial glucose and mean glucose levels
in non-hospitalized patients with type II diabetes [27-29]. An
RCT in 55 patients with insulin-treated type II diabetes and
neurologic disorders requiring long-term EN found that those
receiving diabetes-specific formulas also had lower insulin
requirements, fasting and afternoon glucose levels, and hemo-
globin A1C than those receiving standard formulas [30]. On
the other hand, the 2013 guidelines from the ASPEN graded
the certainty of evidence as low and could not make a formal
recommendation for diabetes-specific formulas [31]. In the
clinical setting, we would recommend beginning with stan-
dard formulas and consider diabetes-specific formulas if gly-
cemic control significantly worsens or remains poor.

Obesity

EN formulas designed for obese patients are often referred to
as bariatric formulas and are considered to be standard formu-
las. These formulas are generally hypocaloric, while including
a higher provision of protein. The rationale when using these
formulas is the avoidance of excess calories, while providing
adequate proteins for healing, recovery, and preservation of
muscle mass. The formulas can also be used to promote in-
tentional weight loss. The majority of studies on the use of
hypocaloric, high-protein enteral formulas have focused on
the critically ill obese patient population. The ASPEN clinical
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guidelines weakly recommend a trial of hypocaloric, high-
protein feeding in the hospitalized obese patient without sig-
nificant renal or hepatic dysfunction [32]. Hypocaloric feeds
can begin at 50 to 70% of estimated caloric requirements with
a protein provision of 1.2 g/kg of actual body weight or 2 to
2.5 g/kg of ideal body weight. Importantly, hypocaloric, low-
protein feeds should be avoided, as they are associated with
poor outcomes. The overall certainty of evidence was consid-
ered low, and further research is needed on nutrition support in
this patient population.

Renal Disorders

EN formulas for chronic kidney disease (CKD) are disease-
specific formulas that include a calorie-dense formula with min-
imization of fluid volume and a lower provision of specific elec-
trolytes (sodium, potassium, phosphorus). For patients with
CKD on dialysis, formulas include a higher provision of protein
to account for protein losses from dialysis. There are currently no
specialized EN formulas for acute renal insufficiency.

Data on the efficacy of disease-specific formulas are cur-
rently sparse. An early systematic review found 2 RCTs that
compared disease-specific with standard formulas in 119 par-
ticipants on hemodialysis [33]. The investigators concluded
there was insufficient evidence to compare these formulas.
ESPEN guidelines from 2006 provide grade C recommenda-
tions to use standard enteral formulas for the majority of pa-
tients with acute renal failure [34]. ESPEN nonetheless notes
that disease-specific formulas can be considered in patients
with acute renal failure who experience electrolyte derange-
ments. For patients with CKD, standard formulas can be used
up to 5 days. When used greater than 5 days, disease-specific
formulas could be considered. For patients undergoing hemo-
dialysis, hemodialysis-specific formulas with higher protein
and lower potassium and phosphorus content should be used.
ASPEN guidelines from 2010 provide grade D recommenda-
tions that protein intake be adjusted based on the extent of
renal function and losses via dialysis. The ASPEN guidelines
are however silent on the choice of disease-specific or stan-
dard formulas. More research is still needed to clarify the
benefit of disease-specific formulas in renal disorders.

Pulmonary Disorders and Critical Care

A disease-specific high-fat and low-carbohydrate formula had
long been preferred for patients suffering from hypercapnic re-
spiratory failure, such as from chronic obstructive pulmonary
disease exacerbations, obesity hypoventilation syndrome, and
neuromuscular disorders. The theoretical benefit stems from the
fact that the respiratory quotient (CO, produced/O, consumed) is
higher for carbohydrates (1) than fats (0.7); therefore, patients
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with impaired ability to excrete CO, secondary to respiratory
failure would fare better with a higher fat enteral regimen.
While a small study demonstrated that higher fat led to decreased
mechanical ventilation days [35], these results have not yet been
replicated [36]. Therefore, due to lack of clinical benefit in failing
to reduce PaCO, during ventilator weaning [37], high-fat formu-
las are no longer recommended. In fact, calorie-dense fluid-re-
stricted formulas are currently considered most efficacious in
pulmonary failure [38].

The recent literature has focused on whether trophic
or full EN is superior. Trophic feeding has been loosely
defined as 400 to 800 kcal/day, providing 25 to 40% of
the daily caloric goal. The EDEN Trial looked at pa-
tients with acute respiratory distress syndrome (ARDS)
in the first 6 days of mechanical ventilation and com-
pared various outcomes including infection, organ
failure-free days, ventilator-free days, and 60-day mor-
tality between two groups who were given either trophic
(~400 kcal/day) or full (1300 kcal/day) feeding [39].
The study did not detect any difference between the
groups. A 1l-year follow-up study of the EDEN Trial
also failed to show any difference between the two
groups with regard to arm anthropometrics, strength,
pulmonary function, 6-min-walk distance, and cognitive
function [40]. The PERMIT Trial incorporated a broader
base of critically ill patients not limited to ARDS and
looked at groups receiving either trophic feeding for up
to 14 initial days or full standard feeding [41]. There
was no difference in 90-day mortality between the
groups. Neither trial featured undernourished patients,
leading to a post hoc analysis of the PERMIT trial
[42], which again failed to show worse outcomes in
the trophic feeding group with a high NUTRIC score
(a scale to quantify risk of experiencing malnutrition).
An observational study has since linked improved nutri-
tion in high NUTRIC score patients to lower mortality
and faster discharge [43¢], but additional studies are
required.

The anti-inflammatory properties of omega-3 fatty
acids in EN were previously shown to benefit ARDS,
specifically improving oxygenation and decreasing in-
tensive care unit (ICU) length of stay and duration of
mechanical ventilation [44]. However, these trials suf-
fered by also giving the control groups omega-6 fatty
acids, which have pro-inflammatory properties, thus
skewing outcome data. This led to the development of
the OMEGA trial, the largest trial to evaluate omega-3
fatty acid efficacy in ARDS [45]. The study showed
that patients who received omega-3 fatty acids had few-
er ICU-free and ventilator-free days, although the study
was ultimately stopped early due to futility, as it was
not projected to reach statistical significance in the pri-
mary outcome. A later meta-analysis of seven trials also

failed to show mortality benefit or fewer ventilator or
ICU-free days among patients receiving omega-3 fatty
acid supplementation [46]. The latest joint guidelines
from ASPEN and the SCCM recommend a standard
polymeric isotonic formula [25]. In critically ill patients,
early initiation of higher protein nutrition, matching at
least 80% of the prescribed intake, has been shown to
lead to improved survival and shorter ICU stays, a link
that has not been proven with greater energy intake
(when controlled for protein) [47].

Lastly, while EN is often started with patients on
vasopressors, the recommendation is to do so cautiously
and only on low-to-moderate doses. The basis of this is
the NUTRIREA-2 trial [48¢], which showed increased
bowel ischemia incidence as a secondary outcome in
shock patients on high-dose vasopressors who were giv-
en EN.

Conclusion

There is a broad array of choices for EN formulas. In
most cases, the use of a standard polymeric formula
would suffice. However, in specific disease states,
peptide-based or disease-specific formulas may play a
role. For patients with gastrointestinal intolerance or
malabsorptive issues, a fiber-containing, peptide-based,
or low-FODMAP formula could be considered. While
EEN is helpful for CD, there is so far no evidence that
specialized formulas provide any benefit beyond the
standard polymeric formula. In liver disease, EN plays
a significant role in helping maintain adequate nutrition-
al intake. While the formulas enriched in branched-
chain amino acid may help reduce hepatic encephalop-
athy in some studies, society guidelines note the lack of
evidence in critically ill patients. For hyperglycemia and
diabetes, diabetes-specific formulas can be considered if
glycemic control remains poor. With CKD, European
guidelines recommend the use of disease-specific formu-
las in the appropriate context, while American guide-
lines are so far silent. For pulmonary disorders,
calorie-dense fluid-restricted formulas are preferred. In
critically ill patients, standard polymeric formulas can
be used. More importantly, EN even at trophic feeding
rates should be considered. Overall, the certainty of ev-
idence for disease-specific formulas remains very low or
low; in most instances, one could begin with the stan-
dard polymeric formula, except in cases where disease-
specific formulas are recommended. Much research is
nonetheless still needed to clarify whether some
disease-specific formulas are truly beneficial or merely
theoretical features.
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