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Background

Nutrition support for critically ill and injured
patients has undergone significant advances in
recent decades as the direct result of scientific
progress and our increased knowledge of the
biology and biochemistry of key nutrient changes
induced by injury, sepsis, and other critical ill-
nesses, both in adults and in children. The sci-
ence of nutrition support (or, more accurately, of
nutrition therapy) has become more disease-
based. Also called “specialized” or “artificial”
nutrition support, nutrition therapy refers to the
provision of either enteral nutrition (EN) via tube
feeding or total parenteral nutrition (TPN). In
contrast, “standard therapy” refers to a patient’s
own volitional intake, without the provision of
nutrition therapy [1].

Of all the advances in nutritional support, the
development of Total Parenteral Nutrition by Dr.
Stanley J. Dudrick and his team is the most sig-
nificant event to have clearly changed the way we
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think about nutrition, the way we feed the critically
ill and the way we support these patients who
cannot, should not, or will not be fed orally [2].
Furthermore, in the past three to four decades, the
understanding of the molecular and biological
effects of nutrients in maintaining homeostasis in
the critically ill population has made exponential
advances. Traditionally, nutrition support in the
critically ill population was regarded as adjunctive
care designed to provide exogenous fuels to
support the patient during the stress response.
This support had three main objectives: to pre-
serve lean body mass, to maintain immune
function, and to avert metabolic complications.
Recently, these goals have become more focused
on nutrition therapy; specifically attempting to
attenuate the metabolic response to stress, pre-
vent oxidative cellular injury, and favorably mod-
ulate the immune response.

Depending on the individual patient’s meta-
bolic needs, nutrition therapy helps ensure that
key nutrient substrates are replenished, or added
in larger amounts, to supplement specific defi-
ciencies or to simply prevent further deteriora-
tion and clinical consequences. The benefit of
early institution of either EN or TPN in the over-
all care of critically ill and injured patients has
now been well-established. After a critical illness
or injury, the patient’s energy and overall metabolic
requirements greatly increase in order to sustain
increased metabolism and the process of wound
repair. Given current evidence derived from
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randomized controlled trials (RCTs), early provi-
sion of nutrition for critically ill and injured
patients is now a level I recommendation [3].

Critical illness and tissue injury initiate a com-
plex series of rapidly responding homeostatic
events in an attempt to prevent ongoing tissue
damage and to activate the repair process.
Classically, inflammation has been recognized as
the hallmark of the homeostatic response. But
more recently, attention has been focused on
defining the complexities of response at the cel-
lular, metabolic, and molecular levels. There is
mounting evidence regarding the multiple spe-
cific metabolic changes in critically ill and
injured patients and their need for fundamental
nutrients and special substrates.

The benefit of the early institution of adequate
enteral or parenteral nutrition in the overall man-
agement of critically ill patients has been well-
established. Early nutritional support has the
potential to reduce disease severity, diminish
complications, and decrease the intensive care
unit (ICU) length of stay and favorably impact
patient outcome. Recognizing the importance of
the appropriate nutritional support of trauma and
critically ill patients with severe and/or multiple
injuries, we have implemented a standard nutri-
tional assessment and support program that
aligns with guidelines set by the SCCM, ASPEN,
ESPEN, and EAST. Despite all of this, it is very
difficult to extrapolate nutritional support alone
as the major factor impacting the patient’s out-
come. Sophisticated delivery tubing systems for
enteral feeding, complex pharmacological mix-
tures of various nutrients in the form of paren-
teral nutrition, and recognition of various
nutrients as pharmaco-nutrients have exploded in
recent years. Gut access for provision of nutrition
support has undergone major changes as well.
Advanced laparoscopic approaches, percutane-
ous endoscopic access, and fine technology of
these tubing systems have been refined continu-
ously for the last few decades. In the following
pages we describe some of the key nutrients and
their effect on the biology of the disease.
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n-3 Fatty Acids

Pharmacological Effects of n-3
Fatty Acids

Fatty acids are categorized as either saturated or
unsaturated fatty acids. Monounsaturated fatty
acids have one double bond while polyunsatu-
rated fatty acids have two or more double bonds.
Depending on the number of carbon atoms, fatty
acids are also referred to as “short chain” (<8
carbons), “medium chain” (8-14 carbons), or
“long chain” (>15 carbons) fatty acids.
Unsaturated fatty acids are also distinguished by
where the first double bond occurs, counting
from the carbon atom at the very end. These are
typically designated o3 (n-3), 6 (n-6), and ©9
(n-9). The role of fatty acids include important
aspects such as (1) sources of energy, (2) com-
ponents of cell membranes, and (3) conversion
into lipid metabolites that take part in physio-
logical activities (e.g., prostagladins). Fatty acid
administration leads to their incorporation into
cell membranes. Arachidonic acid, which is an
n-6 series fatty acid, plays a role in the forma-
tion of cell membranes, along with the n-3 series
fatty acids eicosapentaenoic acid (EPA) and
docosahexanoic acid (DHA). These fatty acids
are discharged from cell membranes if cell
injury or phospholipase activation occurs in
association with a cellular insult. Although n-3
and n-6 fatty acids are metabolized by the same
enzymes (cyclooxygenase and 5-lipoxygenase),
the final metabolic products are different. When
inflammatory mediators such as prostaglandin
(PG) E,, thromboxane (TX) A,, or leukotriene
(LT) B, are produced from n-6 fatty acids in
excessive amounts, neutrophil activation is trig-
gered which leads to systemic inflammatory
response syndrome (SIRS). PGE;, TXA;, LTBs,
and other similar factors are produced from n-3
fatty acids; they are known to compete with
metabolites of n-6 fatty acids and bring about
anti-inflammatory activity. Reports indicate that
n-3 fatty acids inhibit the production of the
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inflammatory cytokines interleukin (IL)-1 and
tumor necrosis factor (TNF) by neutrophils and
reduce the production of inducible nitric oxide
synthase (iNOS) by macrophages. Furthermore,
it has been demonstrated that n-3 fatty acids
metabolize into resolvins and protectins, which
promote convergence of inflammation, and have
gained particular attention for their anti-inflam-
matory effects. The anti-inflammatory effect of
n-3 fatty acids has been corroborated by many
fundamental studies.

Clinical Studies Involving n-3
Fatty Acids

n-3 fatty acids is commonly found in a number of
IEN or IMN, but one formula that has received
particular attention is known that Oxepa® (Abbott
Labs, Abbott Park, IL), which contains EPA,
DHA, y-linoleric acid (GLA), and antioxidants,
is recommended for Acute lung injury (ALI) and
Adult respiratory distress syndrome (ARDS) by
guidelines in Europe, the USA, Canada, and
other countries [3-5].

Pontes-Aruda et al. [6] studied 165 patients
with severe septicemia involving acute lung
injury (ALI) and acute respiratory distress syn-
drome who received Oxepa® and Pulmocare®
(Abbott Labs, Abbott Park, IL). They reported
that Oxepa® significantly improved the survival
rate (67.3 % vs. 47.9 %) and decreased the num-
ber of days under artificial respiration control
(14.6 days vs. 22.2 days) and the number of days
patients remained in the intensive care unit (ICU)
(17.2 days vs. 23.4 days). Furthermore, signifi-
cant improvements were seen in oxygenating
function and there was a significant reduction in
the occurrence of new organ dysfunction. The
fact that the control group in this study received a
nutritional supplement that contained 55 % n-6
polysaturated fatty acid became an issue. In a
study of the effectiveness of Oxepa® that included
106 patients with early-stage septicemia, the con-
trol group was given an ordinary nutritional sup-
plement that contained 29 % fatty ingredients [7].
In that study, Oxepa® significantly decreased the
incidence of septicemia (26.2 % vs. 51.0 %), the
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incidence of new organ dysfunction such as car-
diovascular failure (21.0 % vs. 36.2 %) or respi-
ratory failure (24.6 % vs. 39.6 %), the number of
days patients remained in the ICU (7 days vs. 13
days), and the number of days patients remained
in the hospital (9 days vs. 19 days). However,
there was no significant change in mortality rates.
Grau-Carmona et al. [8] compared Oxepa® to an
ordinary nutritional supplement that contained
30 % fatty acids in 133 patients with septicemia.
In that study, Oxepa® did not lead to any signifi-
cant differences in mortality, oxygenation func-
tion, infection outbreak rate, or organ dysfunction
incidence rate. However, Oxepa® was associated
with significantly fewer days in the ICU (16 days
vs. 18 days). Investigators also conducted a ran-
domized controlled trial to examine the effective-
ness of enteral bolus administration of EPA and
DHA to patients with ALI. Stapleton et al. per-
formed bolus administration of EPA and DHA to
90 patients with ALI and compared them to a
group that did not receive this treatment. The
group treated with bolus administration experi-
enced a significant rise in the concentrations of
EPA and DHA in the blood, but no significant
differences were found in proinflammatory cyto-
kine levels in the bronchoalveolar lavage fluid.
Furthermore, there were no significant differ-
ences in mortality, number of days in the hospi-
tal, number of days in the ICU, or organ
dysfunction incidence. Rice et al. [9] performed
bolus administration of EPA, DHA, GLA, and
antioxidants in 272 patients with ALI and com-
pared them to a group that did not receive this
treatment. The group that received the bolus
administration had a significantly increased con-
centration of EPA in the blood but no significant
differences were found in proinflammatory cyto-
kines in the blood or in LTB4 concentration.
Furthermore, a significant rise in the rate of death
was observed in the group that received the bolus
administration. It is necessary to consider the rise
in death rate observed after bolus administration
of EPA, DHA, and GLA separately from the anti-
inflammatory effects of Oxepa® that support the
guidelines.

Fat emulsions containing fish oil (EPA and DHA)
have been widely administered intravenously,
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primarily in Europe, and clinical studies of their
effectiveness have been conducted [10]. A recent
meta-analysis of critically ill patients conducted by
Manzanares et al. [11] confirmed a tendency toward
decreased mortality and shortened period of mechan-
ical ventilation; however, no effect was found on the
infection rate or number of days in the ICU. Pradelli
et al. [12] conducted a meta-analysis of patients who
underwent elective surgery and critically ill patients,
and they found significant decreases in infection
rates, the number of days in the ICU, and the number
of days in the hospital. When Palmer et al. [13] con-
ducted a meta-analysis of critically ill patients in a
similar manner, the conclusions were somewhat dif-
ferent; they reported no improvements in mortality,
infection rate, or number of days in the ICU in
patients who used fish oil. Currently, clinical studies
have not yielded consistent conclusions. Although
the issue of the sale of fish oil in the USA and Japan
has not yet been available, there are physicians who
are awaiting the permission of usage fat emulsions
containing fish oil.

Glutamine
Pharmacological Effects of Glutamine

Glutamine is synthesized from other amino acids.
Therefore, it is not necessary to ingest it as a
nutrient when cells are not subject to insult.
However, when the body is experiencing an insult
such as trauma and sepsis the demand for gluta-
mine increases, and the amount that can be syn-
thesized by the body cannot keep up with
demand. For this reason, it is considered a condi-
tionally essential amino acid. Supplementation
with glutamine to make up for relative shortages
is considered beneficial for the body. Glutamine
plays a diverse range of roles and can be con-
verted into metabolites such as ammonia, nucleic
acids, glutathione, arginine, and glucosamine.
When the body is experiencing an insult, gluta-
mine acts as an energy substrate in the intestinal
mucosa, lymphocytes, macrophages, and neutro-
phils, and administration of glutamine to the
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intestinal tract is considered effective for sustain-
ing the intestinal tract barrier function and pre-
venting bacterial translocation. Many reports
have demonstrated that glutamine increases lev-
els of heat shock proteins (HSPs) as an anti-
inflammatory mechanism. Intravenous
administration of glutamine after the onset of
septicemia activates the transcription factor heat
shock factor-1, causing expression of HSP-70
and HSP-25 and thereby reducing the occurrence
of acute lung disorders. Similarly, HSP-32 (heme
oxygenase-1) is also expressed to reduce apopto-
sis and decrease tissue damage in the intestinal
tract [14]. A report indicated that administration
of glutamine inhibits apoptosis following stress
or injury, and depletion of glutamine triggers
apoptosis, which then activates caspase-3 and -9.
Intravenous administration of glutamine inhibits
the activation of nuclear factor-xB in the septice-
mia model [15]. It also inhibits activation of the
stress-related p38 mitogen-activated protein
kinase and extracellular signal-related kinase,
resulting in reduced TNFa, IL-6, and IL-18.
Similarly, enteral administration of glutamine
has been shown to reduce serum IL-6 levels,
increase IL-4 production by lymphocytes, and
reduce interferon-y production [16]. In an isch-
emia reperfusion model where a jenunal pouch
was prepared and glutamine was administered,
researchers confirmed inhibited activation of
activator protein-1 and enhanced activation of
peroxisome  proliferator-activated  receptor
(PPAR). PPAR has drawn attention as a tran-
scription factor with anti-inflammatory functions
that is associated with reduced iNOS, reduced
accumulation of neutrophils in the jejunum,
retention of adenosine triphosphate levels in the
jejunum, inhibition of intestinal tract permeabil-
ity, and reduced tissue damage. Another study
found that syndecan 1 was involved in reducing
the action of glutamine in intestinal tract isch-
emia reperfusion damage [17]. It has also been
noted that there is potential for arginine conver-
sion through metabolism of glutamine to produce
nitric oxide (NO), which can be harmful.
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Clinical Studies Related to Glutamine

Many clinical trials have supported the usefulness
of glutamine administration for reducing the
infection rate during insult to the body. The results
of large-scale clinical studies for determining the
effectiveness of glutamine administration (enteral
administration or intravenous administration)
have been debatable, as some papers have cast
doubt on the effectiveness of glutamine.
Wernerman et al. [18] conducted a clinical study
involving intravenous administration of gluta-
mine (0.28 g/kg/day). The targeted number of
cases was 1,000 over a 4-year period at 9 facilities
in Sweden, 1 facility in Norway, and 1 facility in
Finland (11 facilities in total). However, the study
did not reach the target number of subjects;
instead, the study included only 413 cases.
Intravenous administration of glutamine in tar-
geted patients with Acute Physiology and Chronic
Health Evaluation II scores of 10 or higher, as
well as in some mild cases, confirmed differences
in the ICU death rate and the 28-day death rate;
however, no difference was found in the mortality
over a longer period. Andrews et al. [19] con-
ducted a clinical study involving intravenous
administration of glutamine (20.2 g/day) and
intravenous administration of selenium (500 pg/
day); this was known as the SIGNET trial.
Analysis of 502 cases from ten ICU facilities in
Scotland could not confirm that glutamine effec-
tively reduced the infectious disease occurrence
rate, number of days in the ICU, or the death rate.
Heyland et al. [20] found astounding results when
they conducted a large-scale clinical study of glu-
tamine administration (intravenous administra-
tion of 0.35 g/kg/day and enteral administration
of 30 g/day) along with selenium and antioxidant
administration. They analyzed 1,223 critically ill
patients with dysfunction of two or more organs
from 40 facilities in Canada, the USA, and
Europe, and found that the death rate increased
with glutamine. The results of this study, known
as the REDOX study, indicate that excessive
amounts of glutamine must not be administered to
patients with highly critical illnesses. It is impor-
tant to note that this study did not completely
refute the benefits of glutamine yet. Additionally
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SIGNET Trial [19] and REDOX Trial [20] tested
the antioxidant nutrient using selenium. There
was a reduction in the infection rate after intrave-
nous administration of selenium (500 pg/day) for
5 days or more during the SIGNET Trial.
However, in the REDOX study, when intravenous
selenium administration (500 g/day) and enteral
administration of selenium (300 pg), zinc (2 mg),
p-carotene (10 mg), Vitamin E (500 mg), and
Vitamin C (1,500 mg) was compared to groups
without them, there were no differences in out-
comes between the two groups.

Arginine

Pharmacological Effects Related
to Arginine

Similar to glutamine, arginine is a conditionally
essential amino acid. Arginine is metabolized in
the body primarily through two routes [21]. One
route leads to ornithine and urea owing to the
action of arginase, while the other route leads to
NO and citrulline because of the action of nitric
oxide synthase (NOS). Arginase I is found pri-
marily in the liver, and ornithine is metabolized
further into polyamine and proline to improve
collagen synthesis and wound healing.
Alternatively, arginase II occurs primarily out-
side the liver and produces creatine in the small
intestine mucous membrane to store muscle
energy. Arginine increases the secretion of hor-
mones such as growth hormones, glucagon, pro-
lactin, and somatostatin, raising immune function
when insults occur. Although appropriate con-
centrations of ornithine are essential for sustain-
ing immune function, a report found that the
differentiation of B-cells and the number of intes-
tinal Peyer patch cells deceased in mice with a
large amount of arginase, inhibiting production
of T-cells and the T-cell receptor CD3. An appro-
priate amount of NO is essential for bactericidal
action, and the vasodilation action of NO
improves microcirculation, making oxygen trans-
port to the periphery possible. However, excessive
NO production leads to peroxynitrite production
and tissue damage and can cause septic shock
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owing to vasodilation. The three arginase I and II
enzymes as well as iNOS are all induced when
inflammation occurs, and arginase and NOS
compete in immune cells. There is a rise in the
demand for arginine and because the metabolic
behavior of arginine changes according to its
concentration, it is difficult to confirm or repudi-
ate the benefits of arginine.

Trends of Clinical Studies Related
to Arginine

There have not been any clinical studies of argi-
nine administration alone; clinical studies have
used arginine-containing nutritional supplements
that are commercially available. Galban et al.
[22] studied 176 septicemia patients and reported
that the group that received a nutritional supple-
ment with enhanced arginine had a significantly
reduced death rate compared to the control nutri-
tional supplement group (19 % vs. 32 %). Kieft
etal. [23] studied 597 ICU patients and compared
a group that received a nutritional supplement
containing enhanced arginine to a control group.
They found that there were no differences
between the groups in death rate, infection rate,
or the number of days in the ICU. A meta-analysis
of septicemia patients and critically ill patients
except those with external injuries or burns, who
received arginine found no differences in mortal-
ity or infection rate [24]. However, arginine
administration in patients undergoing elective
surgery has been found to reduce the infection
rate and shorten the number of days in the hospi-
tal. It is also economically beneficial. Arginine
administration in patients with critical septicemia
for whom the hemodynamics may deteriorate is
considered a situation to be avoided from a theo-
retical perspective [25].

Pharmacological Nutrients
and Clinical Studies Related
to Leucine

Reducing lean body mass index is known to be
associated to mortality; therefore, avoiding
reduction of skeletal muscles is essential. Among
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the amino acids, some have functions that con-
tribute to important aspects of body function such
as signal transmission, phosphorylation, and
gene expression. Leucine is a branched amino
acid (BCAA), along with valine and isoleucine.
Unlike other amino acids, leucine is directly
metabolized in skeletal muscles. Leucine has cell
growth promoting action and has been shown to
stimulate the mammalian target of rapamycin
(mTOR) to promote protein synthesis in skeletal
muscles, cardiac muscles, and other tissues.
Protein synthesis declines with septicemia, but
administration of leucine is known to affect
mTOR and increase protein synthesis. Studies on
BCAAs have been conducted for more than 30
years, including a clinical study conducted in the
1990s investigating the administration of BCAAs
for septic patients [26]. Jimenes et al. [27] con-
ducted a study of 80 peritonitis patients in which
they compared a group treated with 22.5 %
BCAAs to another group treated with 45 %
BCAAs at a nitrogen quantity of 12 g/day. While
there was no difference in the death rate, there
was an improvement in nitrogen balance and a
reduction in 3-methylhistidine levels in the urine.
Garcia-de-Lorenzo et al. [28] compared three
groups of septic patients for whom enteral admin-
istration of nutrients was not possible. One group
received 1.5 kg/kg of protein included 23 %
BCAA, one group was given 1.5 g/kg of protein
included 23 % BCAAs, and the last group was
given 1.1 g/kg protein included 45 % BCAAs.
While there were no improvements in nitrogen
balance or similar outcomes, the two groups that
received higher concentration of BCAA of 45 %
had reduced mortality rates. The BCAAs included
a combination of isoleucine, leucine, and valine
in a 0.8:1.4:1 ratio. Many studies with high quan-
tities of leucine have indicated the effectiveness
of BCAAs in patients who are experiencing an
injury. With the focus on early rehabilitation of
ICU patients, the expectations for leucine
increase in relation to the effectiveness of
hydroxymethylbutyrate (HMB), a metabolite of
leucine, as adjustment of skeletal muscle metabo-
lism (suppression of protein catabolism and pro-
motion of protein synthesis) and sustaining and
increasing muscle mass lead to patient recovery
and enhanced quality of life. Although there are
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metabolic behaviors in which functional amino
acids are important, it is important to remember
that administering amino acids in a proper bal-
ance is important for maintenance of homeostasis
of the entire body.

Pharmacological Nutrients
and Clinical Studies Related
to Whey Protein

Protein in milk is made up of 20 % whey protein
and 80 % casein. The protein component that
remains in milk when coagulated is referred to as
whey protein (milk whey). Milk whey consists of
a-lactalbumin, f-lactalbumin, glycomacropep-
tide, lactoferrin, and albumin. Reports have high-
lighted the capabilities of whey protein, including
promotion of protein synthesis, anti-inflammatory
action, and antioxidative action, among others.
Suppression of phospholipase A2 and cyclooxy-
genase 2 by o-lactalbumin has an anti-
inflammatory effect. While whey protein
suppresses production of cytokines such as TNF
and IL-6 in a rodent liver injury model, it also
increases production of cytokines via neutrophils
and epithelial cells to improve immune function.
Lactoferrin is an important factor for natural
immunity related to biophylaxis in the digestive
tract and mucous membranes. Discharge of lacto-
ferrin included in the granules of neutrophils
from activated neutrophils is known to raise the
lactoferrin concentration in blood, from normal
levels of 0.5-1 pg/mL to 200 g/mL. Lactoferrin
has antioxidant properties, suppresses cytokine
production, and functions in immunoregulation.
Lactoferrin is known to bond with lactoferrin-
lipopolysaccharide (LPS), alleviate toll-like
receptor signal transmission, stabilize circulatory
behavior for administration of LPS, and suppress
TNF-a and IL-6 production.

Manzoni et al. studied 472 newborns weigh-
ing 1,500 g or less in neonatal ICUs at 11 facili-
ties [29]. They compared a group that received
lactoferrin to a placebo control group and found
that administration of lactoferrin significantly
suppressed the occurrence of tardive septicemia,
significantly reduced fungal infection, and
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reduced mortality. A group in the USA conducted
a double-blinded randomized comparison in
adults with severe sepsis at 24 facilities in a phase
2 study of talactoferrin, which is a recombinant
form of human lactoferrin [30]. In this study of
194 targeted patients, the 28-day death rate of the
group treated with human lactoferrin was 14.4 %,
which was significantly lower than the 26.9 %
death rate in the control group. The death rate
was also significantly lower after 6 months. This
clinical study indicated the effectiveness of lacto-
ferrin in adults.

Gut Access

The indications for EN are fairly straightforward
and well established. All resuscitated critically ill
and trauma patients who cannot, will not, or
should not receive nutrition orally and who have
a functional GI tract should receive nutrition sup-
port via GI access as early as possible. EN deliv-
ery can be via temporary nasoenteric tube
placement (orogastric, nasogastric, nasoduode-
nal, or nasojejunal) or via more long-term tech-
niques (gastrostomy or gastrojejunostomy, which
can each be done either surgically or endoscopi-
cally). Factors to consider in terms of the indi-
vidual patient include the anticipated duration of
EN, aspiration risk, GI tract function, ability to
tolerate the given EN technique, degree of critical
illness or injury, and specific goal of EN.

As stated above, gut access has undergone
major technological changes. A recent study by
Tuma et al. [31] that reviewed all articles on gut
access found that the most common gut access
techniques included nasoenteric tube placement
(nasogastric, nasoduodenal, or nasojejunal) as
well as a percutaneous endoscopic gastrostomy
(PEG). Other open or laparoscopic techniques
such as a jejunostomy or a gastrojejunostomy are
also used. Early EN continues to be preferred
whenever feasible. In addition, evidence is
mounting that, during the early phase of critical
illness or trauma, trophic feeding has an outcome
comparable to that of full-strength formulas.
Most patients tolerate EN through the stomach,
so post pyloric tube feeding is not needed
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initially. In critically ill and trauma patients early
EN through the stomach should be instituted
whenever feasible. Other approaches can be used
according to patient needs, available expertise,
and institutional guidelines. Nonetheless, more
research is needed to ensure the safe use of surgi-
cal tubes in the open abdomen.

Indications for Gut Access

The indications for EN are fairly straightforward
and well-established. All critically ill and trauma
patients who cannot, will not, or should not
receive nutrition orally and who have a functional
GI tract need gastrointestinal access, as early as
possible after they are fully resuscitated for nutri-
tional support [32-36].

Techniques for Gut Access

Various techniques to obtain gut access and
deliver EN exist. These include short-term
options (nasogastric, nasoduodenal, or naso-
jejunal tube placement) or more long-term or
even permanent options (gastrostomy or gastroje-
junostomy). All of these techniques can be done
either surgically or endoscopically. The decision
which technique to use depends on the individual
patient and on anticipated duration of nutrition
support, aspiration risk, GI tract function, ability
to tolerate the given placement technique, degree
of critical illness or injury, and the goals of EN
[37-39].

Whichever technique for gut access is used,
the tube placement must be confirmed by the
presence of aspirating gastric fluid or by radio-
logic or other techniques of verification (for
example, intraoperative view). The position of
the feeding tube should be confirmed at the time
of insertion before intermittent feedings, and dur-
ing continuous feedings; a chest or abdominal
radiograph may confirm placement, and the mark
on the tube at the exit site indicates that the
exposed tube length has not changed [40].
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Post-pyloric Versus Gastric Tubes

The debate over post-pyloric tube feeding versus
gastric feeding continues to this date [41-44].
Many critically ill and trauma patients can be
started with orogastric or nasogastric tube feed-
ing; if they continue to be intubated and require
prolonged tube feeding, they may be switched to
post pyloric feeding. However, if patients do not
tolerate gastric feeding, switching them to naso-
jejunal nutrition was not associated with better
outcomes [45].

While nasogastric tubes or orogastric tubes
(for intubated patients) constitute the initial
short-term access for many patients, this is not
ideal access for long-term access. Potential com-
plications, although they are rare, include erosion
of the nasal cartilage, sinusitis, and gastroesopha-
geal reflux which in turn can lead to aspiration,
pneumonitis, or pneumonia. Furthermore, dis-
lodgment and blocking of these tubes is not
uncommon.

Percutaneous Endoscopic

Gastrostomy (PEG)

Ever since Ponsky and Gauderer [46] first
reported a technique for percutaneous endoscopic
gastrostomy (PEG) in the early 1980s, countless
patients have been provided with EN through
PEG. PEG is relatively safe and it is minimally
invasive when compared with open surgical pro-
cedures. The indications and contraindications
for PEG placement have been reported and are
established [23]. The technique, however, has
been standardized and does need further elabora-
tions except to note that there are two ways of
advancing the wire: the push and the pull tech-
nique. Two methods are possible for advancing
the guidewire. If the pull method is used, the
tapered gastrostomy tube is attached to the guide-
wire outside the patient’s mouth; gentle tension is
applied to the guidewire from the abdominal side
to introduce the gastrostomy tube and guidewire
unit into the esophagus and then into the stomach
[47]. If the push method is used, the gastrostomy
tube is passed over the guidewire, and the endo-
scope is used to grasp and stabilize the end of the
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wire beyond the gastrostomy tube; the gastros-
tomy tube is then pushed, by the endoscope,
through the abdominal wall into the stomach,
while tension is applied to both ends of the guide
wire. With both methods, the endoscope may be
reintroduced to confirm optimal placement (but
without undue tension) of the internal bumper
against the gastric mucosa. An external bumper is
then used to secure PEG placement, with care
taken to avoid undue pressure on the skin. A dis-
tance of 1-2 mm between the bolster and the skin
is advisable, in order to decrease ischemic necro-
sis and subsequent infection.

PEG Gastrojejunostomy

Another technique for patients who cannot toler-
ate stomach feeding is the percutaneous gastroje-
junostomy (PEGJ). The J-tube is passed through
the existing PEG; the suture on the distal end of
the J-tube is grasped with an endoscopic clip
applicator passed through the working channel of
the endoscope. The gastroscope and jejunal tube
are then passed, under direct visualization,
through the pylorus and into the small bowel. By
firing the endoscopic clip, the surgeon secures
the suture loop to the small-bowel mucosa. This
technique allows for easier removal of the endo-
scope from the small bowel and minimizes the
risk for inadvertent dislodgement of the jejunal
feeding tube back to the stomach.

Surgical Gastrostomy
If PEG placement is contraindicated (see above),
a surgically placed gastrostomy is an option,
either via open technique or laparoscopy [48].
The Stamm open technique begins with the sur-
geon placing inner and outer purse string sutures
on the mid-anterior gastric wall then an incision
is made in the central portion of the purse string.
Laparoscopic approaches can be used as a
modification of the Stamm procedure [49]. With
two ports, one at the umbilicus for a 30° camera
and the other in the right upper quadrant for use
as a working port, the surgeon grasps the stomach
and elevates it to the anterior abdominal wall,
then selects an appropriate location for gastros-
tomy tube placement. The use of T-fasteners

through the anterior abdominal wall and the
gastric wall ensures the stomach is secured well
and reduces overall morbidity if dislodgement
occurs [50]. Through a small incision, a 14-gauge
needle is introduced into the stomach and a guide
wire is passed into the gastric lumen. The tract is
serially dilated until the gastrostomy tube can be
introduced.

Laparoscopically Assisted PEG
Laparoscopically assisted PEG is a preferred pro-
cedure in obese patients, in patients that have
undergone previously laparotomies, and in those
when we “do not see the light” as this ensures the
gastrostomy-tube placement is checked by both
the endoscopist and the surgeon [51]. The perito-
neal cavity is accessed in the usual fashion. We
use an open technique to insert a 30-degree lapa-
roscope. A one or two 5 mm port is inserted also
under direct vision. The stomach is inflated with
a gastroscope and the needle from the anterior
abdominal wall is inserted into the stomach under
direct vision. The rest of the procedure is similar
to PEG described above. One has to remember to
lower the intraperitoneal pressure to 8—10 cm of
H20 in order to allow the approximation of the
stomach to the posterior abdominal wall.

Surgical Jejunostomy

Surgical jejunal access for feeding is another
option. Both open and laparoscopic approaches
are acceptable. Which technique the surgeon
selects depends on experience and the clinical
situation. When the patient is undergoing lapa-
rotomy and is in need of long-term nutrition
support, an open Witzel jejunostomy is the pre-
ferred technique. Although in good hands, this
procedure is safe and easy to perform, numerous
technical and mechanical complications have
been described [52].

Summary
This chapter outlined clinical studies of repre-

sentative nutrients that are relevant to anti-
inflammation and some of the basic techniques
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for gut access. Nutritional studies performed in
ICUs have historically been conducted using
guidelines based on relatively small-scale clini-
cal studies or opinions based on experience and
there have been clear differences and unspeci-
fied aspects in the guidelines set by various
nations and societies. Large-scale clinical stud-
ies have been conducted to clarify recommen-
dations but their results and predictions are
sometimes contradictory, which adds to the
confusion. While it is important to pay atten-
tion to the outcomes of clinical studies, the
studies conducted in different nations at numer-
ous facilities have provided results that were
not obtained consistently with regard to the
treatment details, leading to a detrimental
reduction in accuracy. Clinical studies with
higher accuracy are believed to have more sig-
nificance even if the number of targeted patients
is smaller. Cases involving distress of critically
ill patients require medical treatment over lon-
ger periods so anti-inflammatory action against
persistent and recurring inflammation as well as
immune-enhancing action is extremely impor-
tant. Therefore, we should consider administra-
tion of nutrients with renewed focus on the
actions of the nutrients in the living body. While
nutrition support has changed dramatically in
the recent two to three decades, it is imperative
that, in order to improve our practice of nutri-
tional support for trauma and critically ill
patients, we should continue to pursue further
understanding of their metabolism, energy
requirements and specific requirements of each
nutrient, and not rely on old dogma and guide-
lines established by experts’ opinions and semi-
quasi data [32, 33].

Specifically, we need to continue to challenge
the current understanding of nutritional science,
the biology of nutrients and the interaction of
these nutrients with trauma, injury and critical ill-
ness, and how to further advance timely and
disease-directed nutritional support. In the mean-
time, we need to provide nutritional support to
critically ill or injured patients early and we
should tailor nutritional formulas based on the
content of the nutrient compositions [34].

N. Sato and R. Latifi
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