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Immunonutrition generally refers to the effect of the provision of specific nutrients on the immune
system. These nutrients typically have immunoenhancing properties, and recent advances in
nutrition support involve studies designed to exploit the desirable biological properties of these
nutrients. The term immunonutrition strictly implies that we are focusing on the effect of certain
nutrients on aspects of the immune system. However, in reality immunonutrition also refers to
studies that not only examine the function of lymphocytes and leucocytes, but which also study
the influence of key nutrients on the acute-phase response, the inflammatory response and on
gastrointestinal structure and function. The interest, therefore, is on the impact of immunonutrition
on all aspects of host defence mechanisms in response to a catabolic stress. Major surgery evokes
an acute-phase response, a transient immunosuppression and alterations in gastrointestinal
function. Normal function is usually restored after a few days; however, in a subgroup of patients
homeostasis may be lost and development of the systemic inflammatory response syndrome
(SIRS) ensues. Results of recent clinical trials suggest that provision of immunomodulatory
nutrients, including glutamine, arginine, n-3 polyunsaturated fatty acids and dietary nucleotides,
may promote restoration of normal tissue function post-operatively and prevent the occurrence of
SIRS.

Immunology: Glutamine: Arginine: Taurine

Host response to surgery

The acute-phase response

In response to a tissue injury the host immediately mounts
an inflammatory response designed to initiate wound
healing and combat infection, which is referred to as the
acute-phase response. This response centres around the
activation of the circulating monocyte, which immediately
releases tumour necrosis factor alpha (TNF-α), followed
closely by interleukins (IL) 1 and 6. These cytokines are the
primary mediators of the inflammatory response, and
orchestrate the complex series of events that follow
monocyte activation (Giroir, 1993; Baumann & Gauldie,
1994; Bone, 1996; Davies & O’Hagen, 1997; Chang &
Bistrian, 1998).

The main target of primary cytokines appears to be the
vessel wall, which is ideally located to control the
inflammatory response. Endothelial cells are stimulated to
produce a wave of secondary inflammatory mediators,
including reactive oxygen intermediates, prostaglandins and
leukotrienes. Release of prostaglandins immediately affects
vascular tone and results in increased vascular permeability,

designed to increase O2 and nutrient delivery to the injured
tissue.

Chemokines such as IL-8 are also generated and attract
leucocytes to the injured tissue. Increased expression of
adhesion molecules such as endothelial leucocyte adhesion
molecule 1 and intracellular adhesion molecule 1 on the
endothelium is also involved in recruitment of leucocytes
which are employed to fight infection and restore normal
tissue function.

The liver is another major target of the primary
inflammatory mediators, where they induce the hepatic
acute-phase response. Essential metabolites necessary to
cope with critical illness, such as C-reactive protein, are
produced by the liver at the expense of proteins such as
albumin. The production of these acute-phase proteins is
synergistically enhanced by glucocorticoids and inhibited
by insulin and growth factors.

Primary cytokines also have profound metabolic
consequences. Collectively, they cause generalized fever,
increased O2 consumption and increased metabolism of fats,
glucose and proteins. Further alterations include induction
of the complement and coagulation cascades, an increased
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temperature set point in the hypothalamus, tachycardia,
anorexia and pain. These effects are thought to be mediated
by prostaglandins. The acute-phase response generally lasts
24–48 h. Resolution of the acute-phase response is achieved
with the help of circulating anti-inflammatory cytokines
such as IL-4 and IL-10, and circulating cytokine antagonists
including IL-1 receptor antagonist.

Immunodepression

Neutrophil function after surgery has been shown to be
impaired within 24 h. Chemotaxis, respiratory burst and
phagocytosis are all affected (Utoh et al. 1988). General
anaesthesia and surgery also depress monocyte or macro-
phage activity. The effect of surgery has been attributed to a
reduced trans-hepatic portal blood flow, which normally
stimulates macrophage phagocytosis. Blood transfusions
administered during the operation can also depress mono-
cyte activities; however, these effects are not usually seen
until post-operative day 7. Monocyte function is also
impaired with the widespread use of antibiotics (Athlin et al.
1991).

Major surgery may have a profound effect on the number
of total T-cells, pan T-cells, suppressor or cytotoxic T-cells
and natural killer cells, which are all reduced at post-
operative day 3 (Slade et al. 1975). These impairments are
usually transient, and it is imperative that normal function is
restored quickly in order to facilitate wound healing and to
combat infection.

Gastrointestinal function following major surgery

Many events characteristic of surgery and stress can
adversely affect the gastrointestinal tract. Fasting for tests,
obstructive malignancies and chemotherapy can all result in
a failure to supply adequate nutrition. Lack of nutrition has
several immediate pathophysiological consequences,
including inhibition of saliva and digestive tract secretions,
reduced gastrointestinal motility and splanchnic circulation,
absence of stimulatory nutrients such as short-chain fatty
acids which can upset the normal gastrointestinal flora,
atrophy of the mucosa of the small intestine and colon, and
impaired gastrointestinal-associated lymphoid tissue
function. An increase in the concentration of pathogenic
organisms in the gastrointestinal lumen and a reduction in
the number of probiotic bacteria may precede the passage of
pathogenic organisms from the gastrointestinal lumen to the
bloodstream, termed gastrointestinal-associated bacterial
translocation. The gastrointestinal tract has also been impli-
cated in the pathogenesis of sepsis, by allowing bacterial
translocation, and three main events are prerequisites for
bacterial translocation to occur: loss of gastrointestinal
barrier function; alteration in gastrointestinal flora; derange-
ments in host immune defence mechanisms (Deitch, 1994).
Any trauma involving ischaemic injury, haemorrhage or
severe shock may result in mucosal injury and consequent
loss of gastrointestinal integrity. This process may aggravate
the incidence of bacterial translocation. Furthermore, major
surgery can reduce the splanchnic blood flow, limiting
the exposure to stimulatory hormones and depriving the

enterocytes of O2. Peristalsis, particularly in the stomach, is
a transient side-effect of major surgery, and may also have
an adverse effect on gastrointestinal function.

The cumulative effect of these insults on the gastro-
intestinal tract is impaired nutrient absorption and reduced
gastrointestinal integrity. Impaired amino acid absorption
has received attention in recent years, after it was discovered
that certain amino acids are conditionally essential for the
gastrointestinal tract (Gardiner & Barbul, 1993; Souba,
1993; Gardiner et al. 1995).

The systemic inflammatory response syndrome

In some patients, the acute phase fails to resolve when
homeostasis is lost. Sepsis syndrome can develop where
there is an exaggerated pro-inflammatory response and
where pro-inflammatory cytokines, particularly TNF-α and
IL-6, persist in the bloodstream. Bacterial translocation may
also play a role. Multi-organ dysfunction can develop where
systemic pro-inflammatory cytokines spill over into end
organs such as the lung, liver and kidneys, where they can
cause irreparable damage.

While endless research has been carried out into the
development of systemic inflammatory response syndrome
(SIRS), this outcome is only one of two possible sequelae
which may be manifested as a result of loss of homeostasis.
The other possible outcome has been termed compensatory
anti-inflammatory response syndrome, where immuno-
depression is the predominant state (Davies & O’Hagen,
1997). In the past, treatment of SIRS has focused on the
nidus of infection, inhibition of lipopolysaccharide, or
blocking the production of toxic cytokines.

Treatment of specific infections relies on antibiotic
therapy, which is ineffective in the treatment of SIRS, as
antibiotics are unable to reduce the synthesis or toxicity of
the endogenous mediators involved (Giroir, 1993). Anti-
lipopolysaccharide strategies have also met with little
success. Antibodies directed against the O-polysaccharide
component have met with disappointing results, as this
component is structurally different for each Gram-negative
bacterium (Hoffman & Natanson, 1993). Therapies directed
against cytokine production have targeted those cytokines
which are the primary mediators of SIRS, i.e. TNF-α, IL-1
and IL-6. An agent designed to block cytokine production
must do so at a transcriptional or translational level, as these
mediators are produced from de novo synthesis during SIRS
and are not pre-formed. Anti-TNF-α has met with
disappointing results in human trials, whereas anti-IL-1 has
conferred some benefits if given within 1–2 d to those
patients with a greater than 24 % risk of death (Davies &
O'Hagen, 1997). The main difficulty with these treatments is
that they need to be given pre-emptively. By the time a
patient is seriously ill multiple cytokines have been
produced and many monocyte populations have been
activated. This situation may be the reason why so many
single agent therapies are unsuccessful. Furthermore, the
main treatment options target pro-inflammatory mediators,
and neglect the fact that immunosupression or inadequate
anti-inflammatory mediators may also be contributing to the
loss of homeostasis.
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Immunonutrition

An ideal therapy would be one that has anti-inflammatory
properties to promote a natural resolution of the acute-phase
reaction, and which also has immunostimulatory and gastro-
intestinal trophic effects. Thus, nutritional intervention has
been implicated, specifically nutritional pharmacology or
immunonutrition.

The more prominent of these immunoenhancing dietary
agents are glutamine, arginine, n-3 polyunsaturated fatty
acids and dietary nucleotides. Recent studies suggest that
taurine may also play a role.

Glutamine

Glutamine is one of the most abundant amino acids in the
body (Bergstrom et al. 1974), and is noted for its role in
nucleotide biosynthesis, as a N courier between cells and in
acid–base balance. There is convincing evidence that
glutamine plays a vital role in the immune response, as it is
rapidly absorbed by immune cells for fuel, and promotes
proliferation, cytokine release and tumour cell cytotoxicity.
It is also required for production of the antioxidant GSH
(Hong et al. 1990, 1992), and is believed to be an essential
fuel for the gastrointestinal tract (Lacey & Wilmore, 1990;
Hall et al. 1996).

The potential benefits of glutamine supplementation may
be related to the fact that it is a conditionally-essential
nutrient required during catabolic responses to ensure
optimal tissue function. This property separates it from other
immunonutrients which confer benefits through their
pharmacological ability to upregulate the immune response
as opposed to correcting a deficiency state.

Catabolic states induce a relative deficiency of glutamine.
Stress hormones such as glucocorticoids evoke an out-
pouring of glutamine from skeletal muscle in order to
maintain plasma levels. Plasma glutamine is specifically
taken up by the gastrointestinal tract, liver, and kidney, and
requirements may increase during stress, eventually leading
to a reduced plasma pool (Souba, 1993). It has been claimed
that immune function should be intact at a plasma glutamine
level of 600µmol/l or higher. Deficiency levels of
400µmol/l, on the other hand, may jeopardize immune
defences (Wilmore & Shabert, 1998). These low levels have
been observed in trauma patients, burn patients and during
chemotherapy. Post-operative levels cited in the literature
remain above 600µmol/l, indicative of a functioning
immune system. The actions of glutamine on host defences
are multi-faceted, and it is possible that glutamine is
required post-operatively specifically for its gastrointestinal
trophic effects. This requirement may have a significant
impact on choice of route of feeding, parenteral or enteral.

It has been argued that parenteral supplementation of
glutamine is preferable over enteral supplementation, as it
corrects plasma glutamine levels more efficiently (Lacey &
Wilmore, 1990; Fish et al. 1997). Of the enteral glutamine,
50–70 % is consumed by the gastrointestinal tract and liver,
and subsequently less is available to elevate blood and
muscle concentrations. However, this argument overlooks

the benefits of oral glutamine on gastrointestinal structure
and function.

The earliest glutamine supplementation studies involved
total parenteral nutrition (TPN), and therefore bypassed the
gastrointestinal tract. Early studies encountered problems
with parenteral supplementation due to the instability of
glutamine in solution; however, this problem has been over-
come by the development of stable glutamine dipeptides,
where glutamine is bound to alanine or glycine. The
dipeptide is rapidly hydrolysed to the free amino acid form
after intravenous infusion (Furst & Stehle, 1993).

The first major clinical studies to examine the benefit of
glutamine supplementation via TPN were carried out on
adult bone-marrow transplant patients. Adult bone-marrow
transplant patients were randomized to receive glutamine-
supplemented TPN 24 h after surgery, and fewer clinical
infections were documented in the supplemented group
who had a reduced incidence of microbial colonization
(McBurney et al. 1994). Average length of hospital stay was
reduced from 36 to 29 d. In a separate publication (Ziegler
et al. 1998), the same group reported that the benefits in this
population may be related to an increased circulation of
lymphocytes, both total lymphocytes and T lymphocyte
subsets.

It has been estimated that a typical post-operative patient
requires 0·3 g glutamine/kg per d, equivalent to 20 g in a
60–70 kg individual. In more stressful situations, such as
trauma or burns, up to 40 g/d may be necessary to correct the
deficit (Furst & Stehle, 1993; Hall et al. 1996).

Griffiths et al. (1997) randomized eighty-four critically-
ill patients with multi-organ failure to receive either
glutamine-supplemented or standard TPN. After 6 months,
survival was significantly greater in the supplemented
group (twenty-four of forty-two v. fourteen of forty-two;
P= 0·049). Houdijk et al. (1998) randomized sixty trauma
patients to either a standard enteral feed or one containing
14·2 g glutamine/l within 48 h of admission. There was a
significantly reduced rate of infection in the supplemented
group, with 17 % v. 45 % (P< 0·02) presenting with
pneumonia, and bacteraemia being detected in just 7 % v.
42 % (P< 0·005). There was also a significant difference
in the number of patients developing sepsis (one in
the supplemented group v. eight in the control group;
P< 0·02). Finally, this study demonstrated that enteral
supplementation could indeed maintain the plasma
pool; plasma glutamine levels were significantly higher
(P< 0·05) in the supplemented group on post-operative days
3, 4 and 5.

There has been surprisingly little published on glutamine
supplementation in routine post-operative patients. In a
parenteral supplementation study, post-operative colon can-
cer patients were given 0·3 g glutamine/kg per d parenterally
for a total of 5 d. In the group that received supplementation
an improved N balance was observed, lymphocyte counts
were improved and hospital stay was significantly reduced
by 6·2 d (P< 0·05; Morlion et al. 1998). O’Riordán et al.
(1996) administered glutamine-enriched TPN to post-
operative patients with colo-rectal cancer and documented
enhanced T-cell mitogenic responses.
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Arginine, n-3 polyunsaturated fatty acids and dietary 
nucleotides

Arginine has been shown to be immunostimulatory by
increasing thymic size, by promoting T-cell proliferation,
and macrophage and natural killer cell function (Barbul,
1986; Barbul et al. 1990; Reynolds et al. 1998). Two key
roles of arginine are believed to be responsible for its
immunoenhancing properties: its role as a precursor for both
polyamine and NO synthesis (Evoy et al. 1998). Polyamines
play a key role in DNA synthesis and the regulation of the
cell cycle, while NO is involved in many physiological
events, including maintenance of vascular tone, coagulation,
regulation of the immune system and of gastrointestinal
function.

The majority of studies have looked at arginine in
conjunction with n-3 polyunsaturated fatty acids and
dietary nucleotides (IMPACT; Sandoz Nutrition, Bern,
Switzerland). n-3 Polyunsaturated fatty acids exert both
anti-inflammatory properties by down regulating prosta-
glandin E2 and pro-inflammatory cytokines, and immuno-
stimulatory effects by enhancing T-cell and natural killer
cell activity (Alexander et al. 1986; Gottschlich et al. 1990).
The n-3 polyunsaturated fatty acids eicosapentaenoic acid
and docosahexaenoic acid are more readily converted to
active forms than α-linolenic acid and, therefore, may have
more potent effects. Dietary nucleotides promote protein
synthesis in mammalian tissues and are also believed to be
involved in T-cell functions.

There have been numerous studies of the clinical,
immunological, nutritional and biochemical effects of
IMPACT. Senkal et al. (1997) randomized 154 patients with
upper gastrointestinal cancer to receive IMPACT or a
standard enteral formula post-operatively. They observed a
non-significant reduction in early complications (within the
first 5 d), and a significant reduction in late complications
(n 5 v. n 13; P< 0·05). Previously, the same group reported
on a smaller study of forty-four cancer patients (Senkal et al.
1995). In this study IMPACT down regulated TNF-α and
IL-6, and stimulated lymphocyte immune function. Daly
et al. (1992) have also examined IMPACT in post-operative
cancer patients and observed an improved N balance,
enhanced lymphocyte activity and lymphocyte proliferation.
These benefits were clinically confirmed by a significant
reduction in infection rates and a reduction in wound healing
complications, while average length of admission fell from
20·2 to 15·8 d.

Braga et al. (1996b) randomized seventy-seven cancer
patients to receive either arginine-supplemented TPN,
IMPACT or a standard enteral feed post-operatively. In the
IMPACT group there was a faster recovery of phagocytosis,
delayed hypersensitivity response, pre-albumin and retinol-
binding protein. Clinically, this group had a significantly
shorter length of hospital stay, a lower sepsis score and a
trend to decreased infection. Daly et al. (1995) compared
IMPACT with Traumacal (Bristol-Meyers Squibb,
Evansville, IN, USA) in sixty post-operative cancer patients,
and as before they observed benefits in the IMPACT group.
Complication rates and length of hospital stay were reduced,
and this reduction was correlated at a cellular level with a
down regulation in prostaglandin E2 release. In a second

limb to the study half the patients continued with their
nutritional regimen via overnight feeding after discharge.
The rehospitalization rate was reduced in the overnight-
feeding group compared with those patients sent home on a
normal diet, regardless of whether they were receiving
IMPACT or Traumacal.

Braga et al. (1996a) conducted the only study to examine
peri-operative IMPACT administration with standard
enteral nutrition in forty patients with colo-rectal cancer.
They reported an increase in phagocytosis and a reduced
C-reactive protein release in the IMPACT group. This study
was the only one to examine the effect of IMPACT on
gastrointestinal metabolism more closely. They found
IMPACT to increase intestinal microperfusion, O2 metabo-
lism and NO levels in the gastrointestinal tract.

Results from a large multi-centre trial were published by
Bower et al. (1995). The study involved 296 patients in the
intensive treatment unit. While there was a trend towards a
reduced length of stay and infection rates in the IMPACT
group as a whole, the most significant results were observed
in the subgroup identified as having sepsis. Length of
hospital stay in this group was reduced by 10 d and the
incidence of nosocomial infections fell by 60 %. On further
analysis it was revealed that the IMPACT sepsis group who
received their full nutritional prescription fared best, with
length of stay reduced by 11·5 d. There were no differences
noted in nutritional variables or mortality rates among any
of the groups.

More recently, Atkinson et al. (1998) studied 398 patients
in the intensive care unit who were randomized to receive
either a control feed or IMPACT within 48 h of admission.
The best results were achieved in those patients who
tolerated early enteral nutrition. The number of days on
mechanical ventilation was reduced from 10·5 to 6 and
length of hospital stay was 20 d v. 15·5 d.

In a smaller study of thirty-two patients with multi-organ
failure, fewer ‘SIRS’ days per patient, an improved multi-
organ failure score and lower circulating C-reactive protein
levels were reported (Weimann et al. 1998). However, there
was no difference in IL-2 receptor, mortality, length of
hospital stay or infection rates.

There has been concern raised about the safety of
arginine when it is administered to cancer patients, as
arginine has been shown to enhance the proliferation of
certain tumour types. Arginine is required for synthesis of
polyamines, which are in turn regulators of cell growth, and
in some tumour types arginine is essential for cell growth.
Park et al. (1992) demonstrated an increase in tumour
proliferation markers in patients with breast cancer given
arginine supplements. Arginine has been shown to modulate
the growth of breast cancer cell lines both in vitro and
in vivo by NO-dependent and -independent means (Edwards
et al. 1997). An arginine-depleted diet inhibited growth of
colon tumour cells in a murine model in a study by Yeatman
et al. (1991). This finding was attributed to a requirement
for arginine for growth by this particular cell type.
Conversely, arginine has been shown to potentiate IL-2 anti-
tumour immunotherapy (Lieberman et al. 1992).

While it has been argued that these concerns may not be
relevant to post-operative cancer patients after the tumour
has been excised, it is clear that extra work is urgently
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needed to fully clarify the safety issues related to arginine
supplementation in cancer patients.

Taurine

Taurine is one of the most abundant amino acids in many
cell types, where its roles include membrane stabilization,
osmoregulation and Ca flux regulation (Gaull & Rassin,
1979; Huxtable, 1992). Interest in taurine as an
immunomodulator was generated by the discovery of its
antioxidant capacity and its ability to prime leucocytes and
to regulate the release of pro-inflammatory cytokines
(Gordon et al. 1986; Masuda et al. 1986; McLoughlin et al.
1991; Watson et al. 1994).

Evidence suggests that taurine may be a conditionally-
essential amino acid. Intestinal absorption has been shown
to be reduced under stressful conditions in vitro (O’Flaherty
et al. 1997). Gastrointestinal intracellular taurine has been
shown also to be depleted in multi-trauma patients and
elective cholecystectomy patients (Ahlman et al. 1995a,b).
We have shown that supplemental taurine given to stressed
intestinal cells in vitro can maintain absorption rates,
promote the enterocyte cell cycle and prevent stress-induced
apoptosis or cell death, which clearly indicates a gastro-
intestinal trophic effect (L O’Flaherty, PP Stapleton, HP
Redmond and D Bouchier-Hayes, unpublished results).

Taurine has also been shown to have immunomodulatory
effects. In a murine model of sepsis taurine supplementation
conferred immune benefits by down regulating TNF-α
release and upregulating anti-bacterial capacity, as
assessed by peritoneal macrophage superoxide generation
(O’Flaherty et al. 1998). In the neutrophil taurine is a potent
modulator of myeloperoxidase (EC 1.11.1.7), a key enzyme
in the respiratory burst chain (Stapleton et al. 1998). This
action enables it to sequester the potent reactive oxygen
intermediate, HOCl, rendering it unable to induce tissue
damage. In the lymphocyte, addition of taurine to the culture
medium has been shown to promote proliferation and
protect against oxidant-induced damage (Pasantes-Morales
et al. 1985).

We have recently completed a clinical trial involving
seventeen elderly elective surgery patients. This trial was a
randomized placebo-controlled study, approved by the
local Ethics Committee at Beaumont Hospital, Dublin,
comparing a standard enteral feed with a taurine-
supplemented feed (1 mg/ml) in the peri-operative period.
Feeding was commenced 2 d before surgery, and continued
until post-operative day 5. Mortality rates, length of hospital
stay and routine biochemical variables were similar
between the two groups. However, taurine supplementation
appeared to modulate the post-operative cytokine profile.
Two key cytokines were regulated by taurine. The
pro-inflammatory cytokine IL-1β was significantly reduced
on post-operative days 1, 3 and 5 (P= 0·049). Conversely,
the anti-inflammatory cytokine IL-10 was enhanced on
post-operative days 1 and 3. It could be speculated that
the net effect would be a beneficial one for the patient.
By down regulating a critical pro-inflammatory cytokine
and up regulating an anti-inflammatory cytokine, a more
efficient resolution of the acute-phase response would be
encouraged. These benefits may be related to the provision

of taurine during the acute-phase response. Indeed, both the
plasma and serum levels of taurine were higher in the
supplemental group in the early post-operative period (L
O’Flaherty, PP Stapleton, HP Redmond and D Bouchier-
Hayes, unpublished results).

Phospholipids, soluble fibre and probiotic bacteria

The list of possible immunonutrients is ever expanding.
Many of the components of cellular membranes grouped
together as phospholipids may also have immuno-
stimulatory effects. Phosphatidylcholine and phosphatidyl-
inositol have been shown to reduce bacterial translocation in
vivo after 90 % liver resection (Wang et al. 1994). Ganglio-
sides may have potent effects on cellular immune reactions
(Yamaguchi et al. 1997). The health benefits of fibre are by
now well established. Soluble fibre has been particularly
studied in relation to its cholesterol-lowering capacity, and it
has recently been exploited for its gastrointestinal trophic
effects. In particular, pectin has been shown to stimulate
gastrointestinal-associated lymphoid tissue (Zaporozhets
et al. 1991) and to protect the gastrointestinal mucosa
against oxidative damage (Kohn & Keithly, 1989). The
benefits of oat fibre and guar gum are described as being
similar to those of pectin. Finally, probiotic bacteria such as
Lactobacillus plantarum may be employed to prevent
colonization of the gastrointestinal tract by pathogenic
organisms (Bengmark, 1998). Currently, a nutrition formula
is being developed which contains L. plantarum-fermented
oat fibre. Development of such formulas will pave the way
for immunonutrition research to expand into new and
exciting areas.

Conclusion

It would appear that provision of immunostimulatory and
conditionally-essential nutrients during the early post-
operative period can effectively promote human immune
defence mechanisms and encourage an efficient resolution
of the acute-phase response. These benefits are derived
through the promotion of gastrointestinal function and
regulation of cytokine responses, and by enhancing immune
function. It is apparent that there is no one specific nutrient
that possesses all these qualities, and formulas containing a
number of immunonutrients seem to have more potent
effects. It would also appear that the most dramatic effects
have been observed in those patients who are critically ill,
have developed sepsis, or in those patients who have
received their full nutritional prescription. Studies are
warranted to develop pre-operative screening methods to
identify those patients at risk of developing sepsis.
These patients may benefit most from a ‘cocktail’ immuno-
nutrient formula. Until such a screening protocol is
established, provision of such a formula to all patients may
be undertaken as a prophylactic measure. This formula
should ideally be given peri-operatively or early in the
post-operative period, as it has been observed that pro-
inflammatory cytokines are present in the circulation within
hours of the initial surgical incision. Homeostasis may
already have been lost in susceptible patients if initiation of
feeding is delayed.
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