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Frank B. Cerra, MD, FACS, FCCM, Minneapolis. Minnesota

The metabolic resP9nse to injury occurs aCter a di-
verse group oC surgical injuries including majar
s~cal intervention, shock, inCection, and sources
ol inflammation such as pancreatitis. The resP9nse
is mediate4 by the macroendocrine system, fh~
autonomic nervous system, and the cell-cellcom-
munication system. The clinical nianiCestations in-
elude now well-described clinical, phrsiologic, and
metabolic characteristics. --"~;c;:::- -,

The approach oC aggressive source control, inva-
sive circulatory resuscitation, and nutrition/meta-
bolic suPP9rt has been associated with an overall
reduction in morbidity and mortality. In those pa-
tients who do not resP9nd to this approach, the dis-
ease process progresses to mutiple organ Cailure
s)oudrome with its associated high mortality. Alter-
ing the route oC Ceeding, preventing single nutrient
and generalized nutrient deCiciency, and reducing
nosocomial infections with selective got decontami-
nation have not signüicantly altered the course or
outcome oC the disease process in Ibis latter group
oC patients with persistent hypermetabolism.

The available data sUPP9rt the P9sition that this
persistent hypermetabolism represents abnormal
metabolic regulation resulting in persistence oC the
inClammatory resP9nse with associated suppression
oC the immune deCenses. A number oC research ap-
proaches are being taken to understand and modu-
late this abnormal state oC regolation. Because oC
the role oC specüic nutrients in these regulatory
processes, beyond their role in classic nutrition sup-
P9rt, nutrients such as arginine, n-3 P9lyunsaturat-
ed Catty acids, and RNA are being evaluated Cor
their ability to modula te inflarnmation and to irn-
prove irnrnune Cunction. Prelirninary results are en-

couraging.

T his communication presents an overview of a"
developing afea of surgical research and therapy, ,

that of using nutrients as a means of altering the inflam- !
matory response and irnmune function. This approach of
nutrient pharmacology, or the administration of a nutri-
ent targeted to perform or induce a specific metabolic
function that has not usually been associated with nutri-
tion support, is an outgrowth of the nutrition/metabolic
research performed in surgical intensive caTe units in
patients with persistent hypermetabolism and multiple
organ failure following trauma/burns, surgery, or surgi-
cal sepsis.

The initial focus of this research was the application of
classic nutrition support principIes to this group of pa-
tients who manifested a rapidly developing forro of mal-
nutrition with associated organ dysfunction, nosocomial
infections, and wound failure. After therapy directed at
the control of the initiating event and the restoration and
maintenance of oxygen transport, nutrit:on support was
added as a potential therapeutic modality. Some reduc-
tion in morbidity and mortality was observed, but ap-
peared to be primarily related to the prevention of single
nutrient or generalized nutrient deficiencies. The mani-
festations of the disease process persisted.

The concept evolved that this phase of postresuscita-
tive hypermetabolism represented a pathologic state of
persistent inflarnmation with suppression of irnmune
function. With persistence, this pathologic process could
result in parenchyme dysfunction and multiple organ fail-
ure with its associated high mortality rateo

The research emphasis became one of learning when
and how to modulate the processes of inflarnmation and
repair and immune function. The cells of greatest interest
have become the white blood ceU, the macrophage, and
the lymphocyte, and the focus of research is on the regu-
lation of individual cell and organ function. Because of
the known roles of specific nutrients in these regulatory
functions, nutrients carne to be recognized as potential
tools for their modulation. This communication surnma-
rizes the current rationale and experience with a few of
these nutrients: arginine, n-3 polyunsaturated fatty acids
(n-3PUFA), and RNA. Data from human studies serve
as the primary database for the discussion.

From the Departrnent of Surgery, University of Minnesota, Minneapo-
lis, Minnesota.

R~uests for reprints should be addressed to Frank B. Cerra, MD,
Department of Surgery, University of Minnesota, 406 Harvard Street,
Southeast, Box 42 UMHC, Minneapolis, Minnesota 55455.
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BACKGROUND TO DEVELOPING TARGETED
NUTRIENTS

The group of patients in wbom tbe research has been
performed have a number of general characteristics: an
event that is known to stimulate an inflammatory re-
sponse, a period of circulatory resuscitation, a clinical
response best described as persistent hypermetabolism,
and an increased risk for major complications and organ
failures [1]. The initiating events that have been associ-
ated with this response include trauma, burns, majorE 
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TABLEI
Potentlal MedJators 01 Metabollc Response to InJury
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Cytokines
Interleukin 1-8

Interferon 'Y

Platelet-activating factor
Tumor necrosis factor

Eicosanoids

Prostaglandins (PGE,. PGE2. PG12)
Thromboxanes (TxA2)
Leukotrienes (L TC4. L TD4)

Mediator amines

Histamine

Serotonin

Epinephrine
Norepinephrine

Octopamine
Opioids/other neurotransmitters

Hormonal amines/peptides

Thyroxine
Growth hormone
Insulin

Glucagon
Catecholamine
Cortisol

Cortical releasing factors

Complement
Kinin
Fibronectin
Growth factors

Enzymes
Proteases (acid and neutral)

Other Iysosomal enzymes
Nitric oxide (derived from L-arginine)

Oxygen-derived intermediates
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Characterlstlcs 01 the Metabolic Response to InJury
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general and thoracic surgery, infections with sepsis, pan-
creatitis without infection, ruptured aneurysms, shock of
any etiology, and prolonged periods of inadequate resus-
citation from shock states. The clinical, physiologic, and
metabolic responses that are observed represent one man-
ifestation ofwhat has been called the metabolicresponse
to injury, since it affects end-organs such as heart, lung,
kidney, liver, gut, muscle, and blood vessels. The metabol-
ic response to injury also consists of the mediator systems
that modulate the response organs. Some of these media-
tors are listed in Table l.

The effects of each of the potential mediators have
been studied using the particular mediator of interest as
an isolated effector either in vitro or in vivo. Several
hormones, such as cortisol and catecholamine, have been
found to be essential to both irnmediate and long-term
survival. Others, such as eicosanoids, appear to be less
essential to irnmediate survival and seem to serve as mod-
ulating agents ofthe metabolic response at a locallevel, as
in the regulation of microcirculatory blood flow. The i
manifestations in the patient of this entire process repre- ¡
sent the clinical, physiologic, and metabolic phenomena
that have been described [2,3]. These manifestations are
briefly surnmarized in Table 11. It is important to remem-
ber that these characteristics were derived from observa-
tions taken during the phase of postresuscitative hyper-
metabolismo They, therefore, are not necessarily
reflective of the injury, resuscitative, or organ failure
phases of the overall response to injury. As such, however,
these observations represent characteristics that can be
used as mohitored or outcome criteria in studies that are
directed at either determining mechanisms of injury and
response, or in studies that are evaluating a newlherapeu-
tic or support modality.

The general treatment program for this clinical prob-
lem consists of control or removal of the cause, circula-
tory resuscitation, and early nutritionjmetabolic support
(Figure 1) [1,2]. Overall reductions in morbidity and
mortality were observed as well as improved outcomes
reflective of the individual therapies [4]. These benefits
appeared to reflect the treatment approach. The im-
proved outcome following the institution of early fracture
fiXation and achievement of the upright chest irnmediate-
ly after polytrauma is one such example [5]. Early, inva-
sive circulatory resuscitation using oxygen transport-cri,.._,-
teria has been associated with less organ failure and an
improved outcome in general surgery patients [6,7]. Per-
ioperative nutrition, primarily by the intravenous route,
has been associated with a reduction in nutritibnally re- -
lated morbidity and mortality in those patients with mod-
erate to severe starvation malnutrition who are underg6-

ing surgical therapy [8].
Despite theSe results, however, the mortality riskfor

developing multiple organ failure syndrome remains
high, as doesthe mortality risk from thatdisease. Single-'"
agent attempts to modula te .the response to injury, as in I
corticosteroids, inhibitors of eicbsanoid production, and I
free radical scavengers, have nothad substantial benefi-
cial clinical effect [9]. In the caseof nútritionjmetabolic
support, the beneficial effects derived from the treatment
or prevention of starvation-induced single nutrient defi-
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Clinical observations
1. Persistent inflammatory response

Fever, leukocytosis, physiology metabolism, activated

macrophage
2. Nosocomial Infections
3. Wound lailures
4. Malnutrition

Altered body composition, single or generalized nutrient
deliciencies

5. Organ lailures Lung, liver, kidney, gut

6. Immune dyslunction
Anergy, decreased B-cell function, decreased T-cell function

Physiologic observations
-1. Increased oxygen consumption ~mand

2. Increased cardiac output and oxygen delivery
3. Increased demand lor ventilation
4. Decreased totai systemic; vascular reslstance
5. Decre~sed saturation 01 the central venous hemoglobin with a

narrowed arteriovenous oxygen conte:ntdifference
Metabolic observations

1. Increased gluconeogenesis and IIpolYsis
2. Relative nonresponsiveness 01 the gluconeogenesis and j.~

IIpolysis to downregulation by exogenous glucose c "",j;

3. Energy production by the process 01 aerobicglycolysis
4. Utillzation 01 a mixed carboIÍ source lor energy production:

glucose, latty acids 01 all chain lengtt), and amino acids
5. Net total body catabollsm
6. Change in body composition characterlzedby

a. Reduction In lean body mass that is poorly responsive to
exogenous amino acidsand alÍabollc hormone h1odulation

b. Redistrlbution 01 the body nitrogen to afeas 01 active
protein synthesis such as the v!scera, wounds, and white
cell mass
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Figure 1. The general support regimen is
to remove the cause, provide circulatOly
resuscitation, and then to administer nu-
uition/metabolic suppOl1. An overall re-
duction in morbidity and mortali1y has
resulted from this approadl. There re-
mains, however, a significant group 01
patients who proceed to develop persis-
tent hypermetabolism and organ lailure.
This persistent inflammatOly response is
the object of researdl ihat is attempting
to modulate it and to improve host resis-
tance. Several nutrients have been tar-
geted as having activi1y for these func-
tions. BUN = blood urea nitrogen; Ca =
calcium; Mg = magnesium; PO4 = phos-
phate; R/Q = respiratOly quotient; Zn =

zinc.
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ciency or starvation-induced generalized nutrient defi-
ciency [10]. Little direct effect on the disease process of
hyperrnetabolism and organ failure has been observed.
This was likewise so for the irnmune failure, wherein
current nutrition support seerns to have little effect on the
disease-related dysfunctions of the specific or nonspecific
irnmune defenses [11,12].

With respect to tbis latter problem, research focused
on the route and timing of the nutrient adrninistration.
Enteral nutrition was observed to be safe anrl effective in
surgical intensive careunit patients [13]. When nutrition
is begun 3 to 4 days after the injury evento the incidence
and mortality of multiple organ failure syndrome are not
altered by the route of adrninistration [14]. Very early
enteral nutrition, however, has been associated with a
lessening of the metabolic response to injury and fewer
infections in animal models of burn injury and in a few,
prospective clinical trials in trauma patients [15,16]. Fur-
ther clinical trials are now in process.

The translocation hypothesis implicates the gut aero-
bic flora in the pathogenesis of nosocornial infections
[17]. A number of approaches are underway to evaluate
and treat the putative defect(s) in the gut mucosal barrier
and to reduce the effects of the gut aerobic flora. These
approaches range from mucosatropbic agents such as
enteral nutrition and glutamine, to antibiotic regimens
that are designed to selectively suppress the gut aerobic

flora [18,19]. In the forrner case, clinical trials are incon-
clusiye. In the latter case, clínical trials indica te that the
incidence of nosocomial infections can be significantly
reduced. Tbis reduction in nosocomial infections, how-
ever, has not been accompanied by a reduction in either
organ failure or mortality. In another study in trauma
patients, sequential sampling of the portal vein blood
after injury and resuscitation did not reveal the presence
of either bacteria or endotoxin.

An overview of the data would support the position
thatafter the cause has been controlled and appropriate
circulatory resuscitation has occurred, a phase of system-
ic inflarnmation is entered that lasts for variable lengths
of time and has variable outcomes. In some cases, such as
those in which the cause is rapidly removed and resuscita-
ti<;>n and supportive caTe rapidly begun, the hyperrnetabo-
lism is short-lived and abates over several days. In others,
the inflammation progresses to repair and fibrosis, and
the surgical intensive care unit course is prolonged. An
example of the latter would be the fibrosing phase of
adult respiratory distress syndrome. In yet another sce-
nario, the hypermetabolism persists and multiple organ
failure ensues.

Tbe research focus is shifting toward trying to under-
stand the regulation ofthe processes ofinflammation and
repair and to find ways to modulate them to promote
wound healing, decrease organ dysfunction and failure,
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and return immune function to a homeostatic, responsive
sta te. A number of approaches are being taken, ranging
from antibodies against mediators such as endotoxin and
tumor necrosis factor, to finding clinically usefuI ways to
directly affect the cellular responses of inflammation and
repair.

!len is

ulatory
::er nL.-
ral! re-
tyhas
~re re-
JUp ot
:)ersis-
iailure.
Jnse Is

mpting
: resis-
sn tar-
3 tuno-
;Ca=
= phos-
:; Zn =

ncon-

at the

:antly
how-
~itherauma

blood:sence

sitionJriatestem-ngths

¡ch asscita-:tabo-

thers,., 
andj. 
An¡se 
of

r sce-
organ

etary sources are excreted. The liver may be a major
source of endogenous purines and pyrimidines for other
tissues, but comparative contributions are not well docu-
mented. In addition to de navo synthesis from amino
acids, bases or nucleosides from cell degradation can be
reutilized through salvage pathways [23].

Restriction of dietary nucleotides results in suppres-
sion of cellular imrnune responses and prolongation of
rodent allograft survival. The putative origin of these
phenomena lies in an inability of these T cells to undergo
blastogenesis in response to antigenic stirnuli [24]. Uracil
administration can restore delayed-type hypersensitivity
responses to various foreign antigens in mice; can stimu-
late T -cell antigenic proliferative responses in T cells in
mice; and can reduce abscess formation due to gram-
positive organisms in mice. Dietary nucleotides mayalso
be effective in macrophage activation of the T helper j
inducer populations. Uracil has been reported to reverse
the irnrnunosuppression associated with blood transfusion
in experimental settings [24].

Such observations would support the position of an
additional dietary requirement for purines and pyrimi-
dines, or at least uracil, under conditions of metabolic
stress. Perhaps fue salvage pathways becomeineffective,
synthesis is suppressed, or the requirements are greater
than realized in these metabolic stress settings.

n-3 PUFA: A major component ofthe cell membrane
is the polyunsaturated rally acids (PUFA). These com-
pounds are responsible for the structural and functional
integrity of those membranes' eicosanoid production and
release, and signal transduction through the phospholip-
id-dependent second-messenger pathways. The majar
PUF A constituent in the membrane is of the n-6 family
derived from vegetable oils. There are very low levels of
the n-3 family, major constituents of fish oils, primarily
resulting from the low intake of fish high in these oils in
the North Arrierican diet. The n-3 PUF A can preferen-
tially replace the n-6 PUF A, altering the physiologic
characteristics of the membrane to such stimuli as lipo-
polysaccharide (LPS) [25].

The incorporation of n-3 PUF A such as eicosapentan-
oic (EPA) acid (20:5n-3) into macrophages occurs within
3 to 6 hours in cell culture and is stabilized within a few
days in vivo [26]. Onceincorporated, the melting point
decreases, fluidity decreases, and inositolphosphate pro-
dúCtioñ, dienoic eicosanoid release, and interleukin and
tumor n'ecrosis factor release in response to LPS are re-
ducedin vitro aftdin vivo [27].

The-release of dienoic eicosanoids and tumor necrosis
factorand interleukin~l releaseby the macrophage are
directly related to the n-6/n-3 ratio, n-3 and n-6 total
PUFA content, and relativePUFA composition in the
cell membrañe. In general, as the n-6 contentincreases,
and fue n-6jn-3 PUFA ratio jncreases over 1, the more
dienoic eicosanoids aieproduced within and released
from the cell mémbrane (26] .These twoseries of eicosan-
oids have different poteiicy. The eicosapentanoic acid
(20:5n-3) products are less inflamrnat°.rY than those of
linoleic acid (18:2n-6). A relative e~cess of linoleic acid
substrate stirnulates prostaglandiiE2 production, which
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NUTRIENTS TARGETED TO MODULATE
INFLAMMATION AND Il\DIUNE FUNCfION

Specialty nutrients are in this latter category. Because
of the integral role of some nutrients in the regulatory
process of inflarnmation, such as second-messenger gen-
eration, eicosanoid production and release, and lympho-
cyte proliferation in response to antigenic stimuli, nutri-
ents are being investigated as a possible way to modulate
inflarnmation. The nutrients being evaluated are those of
a specialized nature and not necessarily part of a general
nutrition regimen in either the dose or composition used.
Nutrient deficiencies that could affect irnrnune function,
such as zinc deficiency, are well-handled with current
nutrition regimens. The speciality nutrients that will be
discussed are arginine, RNA, and n-3 PUF A.

Arginine: Arginine is a nitrogen-dense amino acid
classified as semi-essential because it is required for
growth and in post-traumatic states [20]. It is a potent
endocrinologic secretagogue that can stimulate the re-
lease of growth hormone, prolactin, insulin, and gluca-
gODo In cell culture systems, arginine is essential for the
growth, but not the viability, of cells. In vitro cytokine
production and release can occur effectively in the ab-
sence of arginine. The putative origin of these growth
effects resides in the biochemistry of arginine since it is an
essential component of polyamine and nucleic acid syn-
thesis and would thus be necessary for mitotic responses.

Arginine is also a major source of nitrous and nitric
oxide in vitro and in vivo [21]. The nitrous and nitric
oxides are important mediators of vascular dilation, pro-
tein synthesis in hepatocytes, and electron transport in
hepatocyte mitochondria.

Under experimental conditions, a number of in vivo
imrnune effects have been observed witb the administra-
tion of arginine. Some of these include increased survival
in septic animals; increased survival of tumor-bearing
animals, a phenomenon associated with reduced tumor
gire; an increase in the number of T cells and delay~~
type hypersensitivity responses in athymic Dude mice;
increased thymic and peripheral blood lymphocyte re-
sponses in in vitro assays of mitogen-induced blastogene-
gis; and increased allograft rejection in rodents [20].

In humans, arginine has been associated with in-
creased thymic and peripheral blood lymphocyte invitro
blastogenicresponses tomitogens; and preservation of
these same responses in surgical and in surgical interisive
care unit patients. Recent data also associate arginine
supplementation with reduced length of stay following
major canéer surgery [20,22].

RNA: Purines and pyrimidines are precursors of
DNA and RNA, which are necessary for protein synthe-
sis and cell mitosis. Purines and pyrimidines have not
been considered essential dietary nutrients. Excess di-

~,
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reduction in the n-6 PUFA content [26]. In rat.
with a reduction in mortality [28]. In the
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oii was associated with a

to that with uracil ádrninistration.

From tbe De~ a~ les, ~lifomi ~..

MedICIne, M '

Rcques fc:
MD, Divisio c
Angeles, Los A~

In: Sibbald, Sprung, eds. ~rospectives in sepsis and septic shock.1
IFullerton, CA: Society of Critical CaTe Medicine, 1985: 203-34.1 -R~

7. S~egel JH. Through th~ glass darkly: the I~ng as a window tol J;" .6j
monItor oxygen consumptlon, energy metabollSm and severity 01
critica! ilIness. Clin Chem 1990; 36: 1585-93.
8. Buzby G. Perioperative nutritiOÍl support. JPEN J Parenter
Enteral Nutr 1990; 14: 1975-9S.
9: Bone Rc, Fisher .cJ, Cle!llmer TP, et al. A controlled clinicall ~retrospe ti".
tna1. of methylpredrnsolone In the treatment of severe sepsis and! noma of tb ('
septlc shock. N Engl J Med 1987;317: 653-8. .overo t
10.Cerra FB. How nutrition intervention changes what getting: lm)~ ;
sick means. JPEN J Parenter Enteral Nutr 1990; 14: 64-9. , ear ler ma al!
11. FryDE,P!]lkHC. HosedefenseandMOF. In: RichardsonJD,i ability to r se
ed. Trauma:c1inical caTe and pathophysiology. Chicago: Yearf to improve 1,
Book Medical Publishers, 1986: 41. i proof of m li;.
12. Konstantinides FN, Kaproth PL, Cerra FB. Other aspects of.' frustrated y
metabolic monitoring in critically-ilI patients. C1in Chem 1990; 36:' sentative ti ~u.

AGENT THERAPY ,!594-1603. ~b" .13 M " EE J TN B ti f . ed... fi'---' IOpSles a ¡Thesethreenutrientshavebeencombinedandadmin- .' oore .' ones .' ene ItsO Irnrn lateJ~Junostomy ~- -.' Id (
mg after majar abdorrnnal trauma: a prospectlve, randorrnzed est) le o plStered as part of a nutntIona.1 support regImen.. ThlS study. J Trauma 1986; 26: 874-81. hands, a p og:

~pproach v:as based on. the rat~o~ale th~t the perslstent 14. Cerra FB, McPherson J, Konstantinides N, et al. Enteral emphasis
mflarnmatIon observed m the clinical settmg represented, nutrition does not prevent MOFS after sepsis. Surgery 1988; 104: tiye treatm n\.
in part, the presence ofpersistently activated macrophag- 727-32. manageme t (
es ánd was associated with a depression of T -cell prolifer- 15. Jenkens M, Gottschlich M, Alexander JW, Warden GD. Ef- ce
ative responses to specific antigenic stimulation, possibly fect of irnrnediat~ e?tera1 feeding on the metabolic r~ponse follow- can r.

1 ted t t 1 d. E od t. d Ing severe burn InJury. JPEN J Parenter Enteral Nutr 1989; 13re a .o excess pros ag an ~ 2 pr uc Ion an excess (suppl): 12S.
c~~kine rel.ease from the actIvated macropha~es. In the 16. Moore FA, Moore EE, Jones TN, et al. TEN vs TPN following
clinical settmg of source control, adequate cIrculatory majar abdominal trauma: reduced septic mo.bidity. .1 Trauma
resuscitation, and state-of-the-art nutritionjmetabolic 1989; 29: 916-23.
support, it has been hypothesized that n-3 PUF A would 17. Alexander JW. Nutrition and translocation. JPEN J Parenter
decrease macrophage prostaglandin E and cytokine re- Enteral Nutr 1990; 14: 1 54S-170S.
1 d. 1 T II 1~.2 d 18. Souba WW, Hersko\\'itz TR, Austgen MK, et al. Glutamine
ease a~ .stImu ate -re pro erat~ve res~nses, an nutrition: theoretical considerations and therapeutic impacto JPEN

that argmme and RNA would act to dIrectly stImulate T- J Parenter Enteral Nutr 1990; 14: 237S-44S.
cell proliferative responses. 19. Rarnsey G, Ledingham l. Management of multiple organ fail-

The first studies from these human trials indicate that tire: control of the microbial environment. In: Bihari DJ, Cerra FB,
the additional selected nutrients are associated with a eds. New horizons: multiple organ failure syndrome. Fullerton, CA:
return to the in vitro T-cell proliferative responses to Society of Critical.C.are M~icine, 1989: ~27-37. ..
levels above those of normal, nonstressed man [29,30]. 20. Barbul A. Arglnme and lmmune functlon. Nutntlon 1990; 6:
Thi 1 . d d f h .. 1 53-9.s resu t seems to occur m epen ent o t e nutntIona 21. Stuehr D Gross S Sakuma I et al. Activated murine macra-
outcomes of improved visceral protein synthesis and the phages secrete a me~bolite of ~rginine with the bioacti\'ity of bil
achievement of nitrogen balance. The control group also endothelium-derived relaxing factor and the chemical reactivity of du
achieved nitrogen balance and improved visceral protein nitric oxide. J Exp Med 1989; 169: 1011. du
synthesis, but with an associated continued depression of 22. ~eynolds JY: Thom AK, Zhang SM, et al. Arginine, protein foc
the in vitro irnmune function assays. Clinical outcome calone malnutntlon. and cantero J Sur,!> Res 1988; ~5:.5!3-22. 1

23. Sonada T, Taubana M. Metabohc Cate of pynrrndmes and o
StUdIes e.val~atm~ length of stay a~d the mcldence of purines in dietary nucleic acids ingested by mice. Biochem Bioph)'S ar
nosocomIal mfectIons are currently m progress. ACta 1978; 521: 55-66. wi

24. Kulkarni AD, Fanslow WC, Rudolph FB, el al. Effect of tb
dietary nucleotides on response to bacterial infections. JPEN J 1m
Parenter Enteral Nutr 1986; 10: 169-71. er

REFERENCES 25. Kinsella J, Lokesh B, Boughton S, el al. Dietary PUFA and d.
l. Cerra FB. The syndrome of multiple organ failure. In: Cerra FB, eicosanoids: potential effects on the modulation of inflammatory 1
8ihari D, eds. New horizon series: cell injury and organ failure. and irnrnline cells: an overview. Nutrition 1990; 6: 24-45. ca
Fullerton, CA: Society of Critical Care Medicine, 1988: 1-25. 26. Cerra FB, Holman RT, Bankey P, el al. n-s PUFA as modula-
2. Siegel JH, Cerra FB, Coleman B, et al. Physiologic and meta bol- tors of cell function in the ICU. Pharmacotherapy (in press). pa
ic correlations in human sepsis. Surgery 1979; 86: 163-93. 27. BilIiar TR, Bankey PE, Svingen BA, el al. Fatty acid intake ati
3. Cerra FB. Hypermetabolism, organ failure and metabolic sup- and Kupffer cell function: fish oil alters eicosanoid and monokine with midd e-,
port. Surgery 1987; 101: 1-14. production to endotoxin stimulation. Surgery 1988; 104: 343-8.
4. Cerra FB. Multip1e organ failure: clinical trade-offs. In: Lumb 28. Cerra FB, Alden PA, Negro F, el al. Clinical sepsis, endoge-
PD, Shoemaker WC, ros. Critical caTe: state ofthe arto Fullerton, nous and exogenous lipid modu1ation. JPEN J Parenter Enteral
CA: Society of Critical CaTe Medicine, 1990: 15-32. Nutr 1988; 12: 63S-9S.
5. Seibel R, LaDuca J, Hassett J, et al. Blunt multiple trauma, 29. Cerra FB, Lehman S, Lonstantinides N, et al. Effect of enteral
femur traction, and the pulmonary failure-septic sta te. Ann Surg nutrient on in ¡;ilro tests of immune function in ICU patients: a
1985; 202: 283-95. preliminary reporto Nutrition 1990; 6: 84-7.
6. Shoemacher W. Hemodynamic and oxygen transport patterns in 30. Lieberrnan M, Shou J, Torres BS, el al. Effects of nutrient
septic shock: physiologic mechanisms and therapeutic implications. substrates on immune function. Nutrition 1990; 6: 88-92.

234 THE AMERICAN JOURNAL OF SURGERY VOLUME 161 FEBRUARY 1991




