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Background. Although the proximal role of systemic cytokines in the infectious-inflammatory cascades is
well recognized, the magnitude and meaning of its intraperitoneal levels in peritonitis have recetved
little attention. We hypothesized that in peritonitis a significant and clinically relevant cytokine-
mediated inflammatory response is compartmentalized in the peritoneal cavity.

Methods. MEDLINE was used to search the literature for all articles dealing with expevimental,
primary, and secondary bacterial peritonitis and coxtokines.

Results. Bacterial peritonitis is associated with an immense intraperitoneally compartmentalized
ytokine response, with plasma levels of ytokines representing only the tip of the iceberg. Although
certain amount of ytokines may be beneficial to the pevitoneal defense mechanisms, higher levels
correlute with adverse outcome. Thus it is plausible to look at acute peritonitis ay initially a combined
infective (microorganism) and inflammatory (cxtokines) process. The clinical significance of the
distinction between pevitoneal inflammation and infection and the relevance of our findings to the

stratification and treatment of peritonitis are discussed.

Conclusions. Curvent swrgical and antibiotic therapy Jor peritonitis is able to dear the pevitoneal cavity
of infective concentration of bacteria, but many patients continue o die of an uncontrolled activation
of the inflammatory caseade. \Ve swggest that one potential venue for therapentic progress is the
modvlation of the compavtmentalized pevitoneal inflammatory vesponse. (Swygery 1996:119:694- 700.)

From the Depariment of Surgery, Medical College of Wisconsin, Mifwavkee. Wis.. and the
Department of Swrgers, University of Wizburg, Weizburg Germany

THE INGRESS OF BACTERIA into the peritoneal cavity
initiates a complex and well-characterized intraperito-
neal inflammatory response involving anatomic, physi-
ologic., microbiologic, cellular, immunologic, and mo-
lecular considerations.' * Recent advances in molecular
biology have permitted the identification of various cy-
tokines as the key proximal links, mediating systemic
and local sepsis and tissue injury, in the infectious-
inflammatory cascades. The characteristics of the dif-
ferent cvtokines and their physiologic and pathologic
role in culture-positive or -negative sepsis are the subject
of excellent reviews,*® and the potential of anticytokine
therapeutic strategies have been summarized recent-
Iv."” In this review we examine the role of cytokines in
intraabdominal infection.

CYTOKINES IN EXPERIMENTAL
PERITONITIS

The induction of experimental peritonitis leads to
both local and systemic inflammatory responses. Endo-
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toxin, produced by gram-negative bacteria, is consid-
ered to be the inititor of the ensuing cvtokine chain
reaction. From the peritoneal cavity it reaches the
svstemic circulation via the lymphatic svstem. ' Absorp-
tion is increased in the presence of increased intraab-
dominal pressure!! and decreased when lvmph s
drained externally through a thoracic duct fistula.!?
Furthermore, plugging the diaphragmatic lymphatics
with platelet-rich plasma or scarring the diaphragm with
sandpaper or talc powder in the early stages of experi-
mental peritonitis reduces mortality.” Endotoxin, how-
ever, is not essential for the release of cytokines, because
peritoneal macrophages obtained after cecal ligation-
puncture (CPL) in endotoxin-tolerant mice exhibit
spontaneous release of tumor necrosis factor (TNF)—,
interleukin (1L)-1, and IL-6. This finding suggests that
macrophages can be primed to release cytokines by
other nonendotoxin mechanisms such as operative
trauma.!®

The induction of experimental peritonitis is followed
by a complex pattern of cytokine kinetics. After CPL is
performed, peak plasma levels of TNF-a are detected at
2 hours, followed by up-regulation of IL-1 and 1L-6.1
Mayoral et al.'* measured plasma and peritoneal levels
of cytokines and correlated survival with a reduction of
TNF-x plasma levels. Lack of response to therapy was
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associated with persistently elevated concentrations of
TNF-e and IL-1 in the peritoneal fluid.!'®

Peritoneal TNF-a significantly increased 2 hours after
the induction of experimental peritonitis. Plasma levels
were also elevated but much less so than after intrave-
nous Escherichia coli injection. Systemic pretreatment
with anti-TNF-a antibodies decreased mortality after the
intravenous challenge but was ineffective in peritoni-
tis.!” Peritoneal macrophages obtained after CPL pro-
duced increasing amounts of TNF-a and IL-1, but levels
of the la subunit decreased, indicating an early shift in
peritoneal macrophage function from antigen recogni-
tion to production of cytokines.!® Afier CPL was per-
formed, peritoneal levels of TNF-a and IL-1 were signif-
icantly elevated, the magnitude of response adversely
correlating with outcome. Levels were lower in animals
pretreated with intraperitoneal induction of endotoxin
tolerance.' Intravenous anti-TNF-a antibodies reduced
plasma IL-1 and 1L-6 levels and mortality after intrave-
nous £. coli administration but not after the induction
of E. coli peritonitis. In contrast, svstemic  anti-
lipopolvsaccharide antibodies were protective in the
peritonitis model. A striking reduction of plasma bacte-
rial count and levels of TNF-u, 1L-1. and L6 occurred.
but peritoneal Jevels of evtokines remained elevated ™
In an £. coli model of peritonitis the addition of inter-
feron=y (o the inoculum has increased the mortality and
the level of plasma TNF-o and 1L-6. Blockade of serum
interferon=y with neutralizing antibodies improved sur-
vival but was notassociated with a decrease in TNFraand
IL-6 in survivors, suggesting an independent detrimen-
tl role of interferon-y.?!

MIXED EFFECTS OF CYTOKINES AND
ANTICYTOKINE THERAPY IN
EXPERIMENTAL PERITONITIS

Beneficial cytokines administration and adverse or
nonbeneficial anticytokine therapy. As in systemic sep-
sis™ % peritoneal cvtokines are beneficial at a certain
dose in supporting local host defenses, but excessive
concentrations are detrimental. The helpful local activ-
itv of cviokines in early peritonitis was hinted at by
studies showing that anti-TNF-a antibodies provided
protection in intravenous infection models but were not
effective in experimental peritonitis.'- 2 Treatment with
anti-TNF-a serum inhibited the migration of granulo-
avtes and monocytes from bone marrow to the cir-
culation and hence to the peritoneal cavity and enhanced
the growth of L. monocviogenes in various tissues.™ In
addition, anti-TNF- antibodies given inraperitoneally
in experimental peritonitis increased mortality, a trend
that was reversed by the administration of TNFo*!

1n another study prophyvlactic and therapeutic use off

anti-TNF-a antibody in a rabbit model of E. coli perito-
nitis significantly lowered systemic TNF-u concentration
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but did not ameliorate the physiologic effects of sepsis
and survival.?

Pretreatment with IL-1 decreased the plasma TNF-a
and IL-6 response, histologic end-organ damage, and
mortality rate after the induction of E. coli peritonitis.2®
Similarly, Kupffer cell blockade was associated with de-
creased IL-1 production and increased mortality after
CPL.?* Intraperitoneal IL-2 administered before E. coli
peritonitis occurred was protective by inducting a neu-
trophil influx into the peritoneal cavity.”® Protection was
achieved only when bacteria and IL-2 were given by the
same intraperitoneal route; intravenous IL-2 was not ef-
fective.? IL-10 appears to be a “‘good” cytokine, sup-
pressing the induced production of proinflammatory
cytokines (e.g, TNF-x). Inhibition of endogenous IL-10
with anti-IL-10 antibodies before CPL increased the
mortality rate™; systemic administration of exogenous
IL-10 prolonged the survival rate in septic mice.™!

Anticytokine therapy beneficial. Chalkiadakis et al.*®
demonstrated the advantages of blocking TNF-a. Sys-
temic administration of pentoxifilline, which inhibits
the release of TNF-,® reduced the fatality rate after the
induction of peritonitis in the closed ileal loop rat mod-
¢l.¥ Another effect of pentoxifylline was to reduce peri-
toneal fibrinogen deposits and adhesion formation, be-
cause both are enhanced by TNF-a. 1L-1, and 116,
which have been shown both individually and synergis-
tically to stimulate plasminogen activator inhibitors by
mesothelial cells. ™ Other investigators demonstrated
that inraperitoneal administration of pentoxifylline
improved survival after CPLin burned mice through the
down-regulation of proinflammatory cviokines.™

Recombinant [L-] receptor antagonist administered
1o rats 3 hours after CPL was performed significantly
ameliorated clinical sepsis. survival rate, and histologic
evidence of organ damage.™ Pretreatment with anti-
11-6 antibodies protected mice given intraperitoneal le-
thal doses of E. coli.™

Treatment with granulocyie colony-stimulating factor
improved survival after CPL was performed.** The
mechanism involved is probably the ability of granulo-
cvie colony-stimulating factor to suppress TNF-a release
from macrophages.*’

CYTOKINES IN PRIMARY PERITONITIS

The dynamics of cvtokines in the plasma and perito-
neum were determined simultaneoushy in primary or
spontaneous bacterial peritonitis in patients with cir-
rhosis and primary peritonitis complicating chronic
ambulatory peritoneal dialysis (CAPD). Peritoneal me-
sothelial cells from patients with CAPD peritonitis were
found to be stimulated to produce TNF. IL-1, 11-6,
and L8112 Also, peritoneal macrophages collected
from patients undergoing CAPD during an episode of
peritonitis secreted inereased amounts of IL-1 com-
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days of the antibiotic and operative therapy, but 12% of
the patients died.5% The scenario in which bacterial
peritonitis is cured, but inflammatory peritonitis accom-
panied by hypercytokinemia persists, represents tertiary
peritonitis, a term coined to describe that subgroup of
patients who go on to have multiple organ dysfunction
and die despite “‘successful’’ operations, effective anti-
biotics, and maximal supportive therapy.5®

Situations in which infection is solved but residual
compartmentalized inflammation persists are not lim-
ited to the peritoneal cavity. After successful treatment
of bacterial meningitis concentrations of IL-6 in the
cerebrospinal fluid remain elevated.” Elevated amni-
otic fluid IL-6 correlates much better with histologic
acute chorioamnionitis than do bacteriologic cultures.%
The presence of fever or leukocytosis at the conclusion
of a course of antibiotic treatment after an operation for
intraabdominal infection sometimes represents local
residual cytokine-mediated inflammation rather than
continuing infection. This is a self-limited condition,
and spontaneous resolution is expected with no need
for further antibiotic therapy.®

It is also likely that operations performed in patients
in whom the inflammatory response is already switched
on and in whom macrophages are in a primed state may
act as a “‘second hit,” escalating the systemic inflamma-
tory response syndrome and precipitating multiorgan
dysfunction syndrome.'* 7 Local intraperitoneal mea-
surements of cytokines taken before and after these op-
erative procedures would better define the contribution
of the reoperative treatment of peritonitis to the cyvto-
kine response.

CLINICAL RELEVANCE

Stratification. The compartmentalization of the cy-
tokine cascades in peritonitis fits the concept that the
circulating systemic concentration of cytokines may be
misleading and not reflect their tissue concentration or
local biologic activity. 355871 The use of cytokine
serum concentrations in the form of a cytokine scoring
svstem’* has been frustrated by the fact that circulatory
concentrations of free bioactive cytokines may be neg-
ligible, vet significant amounts of cytokine are present
at the tissue level such as in the peritoneal cavity.™
Therefore in outcome prediction local estimation of cy-
tokines may better reflect the severity of an initially lo-
cal process such as peritonitis. The pharmacokinetics of
cvtokines is characterized by plasma half-life and clear-
ance measured in minutes and a few hours, respective-
.77 Analogous figures for peritoneal cytokines are
not available, but it is conceivable that the compart-
mentalized cvtokines are relatively protected from inac-
tivation by the liver or reticuloendothelial system,
leading to prolonged biologic activity. Future studies
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measuring serial peritoneal cytokine concentrations
during laparotomy or recorded from drain fluid could
represent an important research tool to further quanti-
tate and characterize the dynamics of the peritoneal cyto-
kine response.

Treatment. Continuous arteriovenous hemofiltra-
tion improved survival in a canine model of septicemia®
but not in a canine model of *‘ongoing"’ peritonitis.”” A
possible reason is that a predominantly extravascular
process such as peritonitis may not be directly affected
by removal of intravascular products such as cytokines.
Is direct removal of cytokines from the peritoneal cavity
possible and beneficial? Is peritoneal toilet, beyond its
role to remove bacteria and adjuvants of infection,
effective in decreasing the intraperitoneal levels of
ovtokines? Does antibiotic treatment started before (as
opposed to after) the evacuation of peritoneal pus aug-
ment the local endotoxin-induced cytokine release?™ ™
Do planned reoperations for severe intraabdominal in-
fection cause a “‘second hit” escalation of the inflam-
matory response? When is infection cured but inflam-
mation persisis? Measurements of peritoncal cytokines
should provide the answers.

Of course, cytokines are but one component of the
complex systemic and peritoneal inflammatory cascade,
albeit an important and proximal one. If peritoneal cy-
tokines at a certain concentration and at a particular
time are advantageous to the normal peritoneal inflam-
matory response, then the notion of **don’t block local
cvtokines: remove the excess cytokines from the sys-
temic circulation "% could be correct. At specific levels
(high) and a certain phase (late), however, peritoneal
compartmentalized cytokines probably cause persistent
end-organ damage and ‘“spill over” to produce ad-
versely high levels in the systemic circulation. It is pos-
sible that to be effective, novel anticytokine strategies
should be directly used at the site of cytokine produc-
tion such as the peritoneal cavity instead of systemically.
Notably, modulation of inflammation resulting from
intraabdominal infection was not effective when at-
tempted systemically.!”- 2025 28.29.77 Conversely, the ef-
ficacy of granulocyte-macrophage colony-stimulating
factor was enhanced when administered directly at the
site. of a subsequent intraperitoneal infective chal-
lenge.®® In the future rapid intraoperative peritoneal
assays for cytokines may guide specific intraperitoneal
therapy.

CONCLUSIONS

The literature reviewed strongly supports the notion
that bacterial peritonitis is associated with a significant
and mainly compartmentalized peritoneal cvtokine re-
sponse that reflects the severity of the disease and its
prognosis. Current surgical and antibiotic therapy for
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peritonitis is able to clear the peritoneal cavity of infec-
tive concentrations of bacteria, but patients continue to
die of an uncontrolled activation of the inflammatory
cascade. More experimental and clinical studies are re-
quired to distinguish between the local beneficial and
adverse effects of cytokines, including the magnitude

and

timing of cytokine elaboration and the value of lo-

cal versus systemic blockade of cytokine action.

—

15

[+1)

&

~3

1

—

14.

16.

1

~

18.

REFERENCES

. Witmann H, Walker A, Condon R. Peritonits and intraabdom-

inal infection. 6th ed. In: Schwarwz 81, Shires GT, Spencer FC,
editors. Principles of surgeny. New York: McGraw-Hill, Inc.

. Maddaus MA, Ahrenholz D, Simmons RL. The biology of peri-

tonitis and implications for treatment. Surg Clin North Am
1988:68:431-43.

Shapiro L, Gelfand JA. Cytokines and sepsis: pathophysiology and
therapy. New Horizons 1993:1:13-22,

. Beutler B. Endotoxin, tumor necrosis factor, and related medi-

ators: new approaches 1o shock. New Horizons 1993:1:3-12,

. Parrilo JE. Pathogenetic mechanisms of septic shock. N Engl ]

Med 1993:328:1471-6.

. Fong Y. Moldawer LL. Shires GT, Lowry SF. The biologic char-

acteristics of evtokines and their implication in surgical injury.
Surg Gsnecol Obstet 1990:170:363-78.

Giroir BP. Mediators ol septic shock: new approaches for iner-
rupting the endogenous inflanumitony cascade. Crit Care Med
1993:21:780:9,

. Lynn WA, Colien §. Adjunctive therapy for septic shock: a review

of experimental approaches. Clin Infect Dis  1995:20:143-
8.

. Christman JW, Holden EP, Blackwell TS. Strategies for blocking

the systemic effects of evtokines in the sepsis syndrome. Crit Care
Med 1995:23:953-63.

. Takesue Y. Experimental study on the development of endotox-

emia in peritonitis with special reference 10 route of absorption
of endotoxin. | Jap Surg Soc 1987:88:327-39.

. Fujimoto M. Experimental study on the effect of various tpes of

peritonitis and elevation of intra-abdominal pressure on endo-
toxin absorption. | Jap Surg Soc 1989:90:1989-99.

. Olofsson P. Evaluation of the effects of lymph drainage by a tho-

racic duct fistula in experimental peritonitis. Acta Chir Scand
1988;154:453-9.

. Ayala A, Kisala JM, Felt JA, Perrin MM, Chaudry IH. Does endo-

toxin tolerance prevent the release of inflammatory monokines
(Interleukin 1, Interleukin 6 or Tumor Necrosis Factor) during
sepsis? Arch Surg 1992;127:191.7.

Ertel W, Morrison MH, Wang P, Ba ZF, Ayala A, Chaudry [H. The
complex pattern of cytokines in sepsis. Ann Surg 1991:214:141-8.

. Mayoral JL, Schweich CJ, Dunn DL. Decreased tumor necrosis

fuctor production during the initial stages of infection correlates
with survival during murine gram-negative sepsis. Arch Surg
1990;125:24-8.

Rasmussen LT, Fandrem ], Seljclid R. Dynamics of blood
components and peritoneal fluid during treatment of murine E.
coli sepsis with beta-1,3-D-polyglucose derivatives. Interleukin I,
tumor necrosis factor, prostaglandin E2 and leukotricne B4.
Scand ] Immunol 1990:32:333-40.

. Bagby G, Plessala Kj, Wilson LA, Thompson []. Nelson S. Diver-

gent cfficacy of amibody to tumor necrosis factor-alpha in intra-
vascular and peritonitis models of sepsis. ] Infect Dis 19915
163:838.

McMasters KM, Cheadle WO. Regulation of macrophage TNF

5
—

22

15
=

4.

a5

=D,

26.

.
<
~1

28,

29,

30.

=

3

36

Surgery
June 1996

alpha. IL-1 beta, and La (1A alpha) mRNA expression during
peritonitis is site dependent. | Surg Res 1993:54:426-30.

. Astiz ME. Saha DC, Carpati CM, Rackow EC. Induction of endo-

wxin tolerance with monophosphont lipid A in peritonitis:
importance of localized therapy. | Lab Clin Med 1994:123:89-
93,

. Zaneui G, Heumann D. Gerain J. et al. Cytokine production af-

ter intravenous or peritoneal gram-negative bacterial challenge
in mice. Comparative protective efficacy of antibodies to umor
necrosis factor-alpha and to lipopolysaccharide. ] limmunol 1992;
148:1890-7.

. Hohler J. Heumann D. Garotta G, et al. IFN-gamma involvement

in the severity of gram-negative infections in mice. J Immunol
1993;151:916-21.

2, Natanson C, Hoffiman WD. Suffredini AF, Eichacker PQ, Danner

RI. NIH conference. Selected treatment strategies for septic
shock based on propused mechanisms of pathogenesis. Ann In-
tern Med 1994:120:77183.

. van Furth R, van Zwet ThL. Buisinan AM. van Dissel T, Anti-w-

mor necrosis antibodies inhibit the influx of granulocytes and
monocvtes into an inflammatory exudate and enhance (he
growth of Listeria monocvtogenes in various organs, ] Infect Dis
1994:170:284-7,

Echtenacher B, Falk W, Mannel DN, Krummer PH. Requirement
of endogenous tumor necrosis factor/cachectin for recovery
from experitmental peritonitis, ) lmmunol 1990:145:3762-6.
Stack AM, Saladino RA. Thompson C, etal. Failure of prophylac-
tic and therapeutic use of 4 murine antiumor necrosis factor
monoclomal antibody in Escherichia coli sepsis in the rabbit, Crit
Care Med 1905:23:5128.

Lange R, Alexander HR. Merino M), Doherty GM. Nonon JA.
Interleukin. alpha prevention of the lethaliv of Eschierichia coli

peritonitis. | Surg Res 1992:52:555-9,

. Callery MP, Kamei T, Flve W, Ruplfer cell blockade increases

mortaliy during intra-abdominal sepsis despite improving sys-
temic immunity. Arch Surg 1990:125:36-41.

Maddaus MA, Simmons RL. Intraperitoneal administration of
recombinant interleukin-2 protects against lethal IP Gram-nega-
tive sepsis by induction of a neutrophil influx. Surgery Forum,
Chicago. American College of Surgeons, 1988:105-6.

Chong KT. Prophylactic administration of interleukin-2 protects
mice from lethal challenge with Gram-negative bacteria. Infect
Immun 1987;55:668-73.

van der Poll T, Marchant A, Berman L, et al. Endogenous inter-
leukin-10 protects against death in septic peritonitis in mice.
Surgery Forum, Chicago, American College of Surgeons, 1994:18-
20.

. Napolitano LM, Campbell C. Interleukin-10 (1L-10) decreases

mortality in a lechal murine trauma/sepsis model. Abstract. Pro-
ceedings of the Fiftcenth Annual Meeting of the Surgical Infec-
tion Society, Louisville, April 20-22, 1995,

. Chalkiadakis GE, Kostakis A, Karayannacos PE, et al. Pentoxifyl-

line in the treaunent of experimental peritonitis in rats. Arch
Surg 1985:120:11414.

. Thompson JN, Whawell SA. Pathogenesis and prevention of ad-

hesion formation. Br J Surg 1995;82:3-5,

. Whawell SA, Scou-Commbes D, Vipond MN, Tebbuu §J,
Thompson JN. Tumour necrosis factor-mediated release of plas-
minogen activator inhibitor 1 by human peritoneal mesothelial
cells. Br j Surg 1994:81:214-6.

3. Holzheimer RG, Molloy RG, O'Riordain DS, et al. Long-term

immunotherapeutic intervention with pentoxifylline in a mouse
mode! of thermal injury and infection. | Trauma 1995;38:757-
62,

. Alexander HR, Doherty GM, Venzon Df, Merino MJ, Fraker DL,



Surgery
Volume 119, Number 6

Norton JA. Recombinant interleukin-1 receptor antagonist (11~
1ra): effective therapy against gramenegative sepsis in rats.
Surgery 1992:112:188-94.

37. Stames HF, Pearce MK, Tewari A, Yim JH, Zou JC, Abrams JS.

38.

40.

4

—

-

42

43.

.

abe
o

46.

o
-

48.

52

Anti-I1-6 monoclonal antibodies protect against lethal Escheri-
chia coli infection and lethal wumor necrosis factor-alpha chal-
lenge in mice. ] Immunol 1990:145:4183-91.

O'Reilly M, Silver GM, Greenhalgh DG, Gamelli RL, Davis

JH. Hebert JC. Treatment of intra-abdominal infection with

granulocyie  colonystimulating  factor. J Trauma 1992:33:

679-82.

. Molloy RG, Holzheimer R, Nestor M, Collins K, Mannick JA, Ro-

drick ML. Granulocyte-macrophage colony-stimulating factor

modulates function and improves survival after experimental
thermal injury. Br } Surg 1995:82:770-6.

Lorenz W, Reimund KP, Weitzel F, et al. Granulocyte colony-

stimulating factor prophylaxis before operation protects against

lethal consequences of postoperative peritonitis. Surgery 1994;

116:925-34.

. Betjes MG, Tuk CW, Struijk DG, Krediert RT, Arisz L, Hart M,
Beelen RH. Interleukin-8 production by human peritoneal me-
sothelial cells in response 1o mor necrosis factor-alpha, and in-
terleukin conditioned by macrophages cocultured with Staphy-
lococcus epidenmidis. § Infect Dis 1993:168:1202-10.

. Topley N. Jorres A, Luumann E, ct al. Human peritoncal

mesothelial cells synthesize interleukin-6: induction by IL-1 bewa

and TNF alpha. Kidney Int 1993:43:226-33.

Fieren MW, van den Bemd G|, Bonta I1.. Ben-Efraim S. Peritoncal

macrophages from patients on continuous ambulatory perito-

neal dialysis have an increased capability to release mour ne-

crosis factor during peritonitis. ] Clin Lab Immunol 199):31:

19,

Hart PH. Jones CA, Finlay:Jones []. Inflammatory fluids regulite

TNF-alpha, but not IL-1 beta, production by human peritoneal

macrophages. A study of patients on continuous ambulatory

peritoneal dialysis with peritonitis. ] Leuk Biol 199353309

149.

5. Nakathamns H. Tanaka Y, Shirai D, etal. Plasina interleukin6 leve

ks in continuous ambukatory peritoneal dialysis and hemodiah-
sis patients. Nephron 1992,61:132-1.

Zemel D, Krediet RT. Roomen GC. Kortekaas WM, Hertzen HG,
ten Berge RG. Interleukin-8 during peritonitis in patients treated
with GAPD: an inwivo model of acute inflamminion. Nephrol
Dial Transplant 1994:9:168-74.

7. Zemel D, Roomen GC. Hart AA ten Berge 1, Struijk DG. Krediet

RT. Refationship of TNF-alpha, interleakin-6. and prostaglandins
to peritoneal permeabiliy for macromolecules during longitudi-
nal follow-up of peritonitis in continuous ambulatory peritoncal
dialvsis. | Lab Clin Med 1993:122:686-96.

Propst T. Propst A, Herold M. etal. Spontancous bacterial peri-
tonitis is associated with high levels of interleuking and its
secondary mediators in ascitic fluid. Eur ] Clin Invest 1993.23:
832:6.

. Zeni F, Tardy B, Vindimian M, et al. High levels of tumor necro-

sis factor-alpha and interleukin6 in the ascitic Muid of cirrhotic
patients with spontancous bacterial peritonitis. Clin Infect Dis
1993,17:218-23.

. Dames P. Leduc D, Ns M, et al. Cyiokine serum level during se-
vere sepsis in human. 116 as a marker of severity. Ann Surg
1992:215:356-62.

. Fugger R, Zadrobilek E. Gowinger P etal. Perioperative TNF al-
pha and 116 concentrations correlate with septic sate, organ
dvsfunction. and APACHE Il scoresin intra-abdominal infection.
Eur | Surg 1993:159:525-9.

Patel RT, Deen KL Youngs D. Warwick . Reighley MRB.

o
o

(3
=

o
~F

61.

62.

G-

-—

6

=1

69.

~1
(2]

=)
(*-3

74.

Schein et al. 699

Interleukin 6 is a prognostic indicator of outcome in severe in-
tra-abdominal sepsis. Br ] Surg 1994;81:1306-8.

. Hamilton G. Hofbauer S, Hamilton B. Endotoxin, TNF-alpha,

interieukin6, and parameters of cellular immune system in
patients with intraabdominal sepsis. Scand ] Infect Dis 1992;24:
361-8.

Holzheimer RE, Schein M, Witmann DH. Inflammatory re-

sponsc in peritoneal exudate and plasia of patients undergoing
planned relaparotomy for severe secondary peritonitis. Arch
Surg 1995;130:1814-20.

. Livingston DH, Mosenthal AC, Deitch EA. Sepsis and multiple

organ dysfunction syndrome: a clinical-mechanistic ovenview.
New Horizons 1995;3:257-66.

. Strohmaier W, Redl H, Schlag G, Inthoran D. D-erythro-neop-

terin plasma levels in intensive care patients with and without
septic complications. Crit Care Med 1987;15:757-60.

. Duswald KH, Jochum M, Schramm E, Fritz H. Released granulo-

cyte elastase: an indicator of pathobiochemical alterations in
septicemia after abdominal surgery. Surgery 1985:98:892-8.

. Deitch EA. Cytokines yes, cytokines no, cytokines maybe? Crit

Care Med 1993:21:817.9.

. Meyer TA. Wang Jingjing W, Tiao GM. Ogle CK, Fischer JE, Has

selgren PO. Sepsis and entotoxemia stimulate intestinal inter-
leukin-6 production. Surgery 1995;118:33642.

. Baigrie RJ., Lamont PM, Kwiatkowski D, Dallman M], Morris PJ.

Systemic cytokine response after major surgery. Br ] Surg 1992
79:757-60.

Ueo H. Inoue H, Honda M, et al. Production of interleukin-6 at
operative wound sites in surgical patients.  Am Coll Surg 1994;
179:326-32.

Glaser F. Sannwald GA, Bubr H, etal. General stress response 1o
conventional and laparoscopic cholecystectomy. Ann Surg
1995:221:372-80.

3. Grewal HP, Kotb M, E1 Din D, et al. Induction of tumor necrosis

factor in severe acute pancreatitis and its subsequent reduction
after hepatic passage. Surgery 1994:115:213-21.

. Riché F. Dosquet C, Panis Y, et al. Levels of portal and systemic

blad avokines afier colectomy in patients with carcinoma or
Crohn’s disease. j Am Coll Surg 1995;180:718-24.

. Aprahamian C, Schein M, Witimann D. Cefotaxime and metron-

idazole in severe intra-abdominal infection. Diagn Microbiol In-
fect Dis 1993;22:183-8.

. Rotstein OD, Meakins JL. Diagnostic and therapeutic challenges

of intraabdominal infections. World ] Surg 1990;14:159-66.

. Lustar I, Gontmacher A, Nirska V', ¢t al. Five days of antibacte-

rial therapy for bacterial meningitis in children. Infection 1995;
23:1138.

Yoon BH. Romero R, Kim CJ. etal. Amniotic fluid interleukin-6:
a sensitive test for antenatal diagnosis of acute inflammatory le-
sions of the preterm placenta and prediction of perinatal mor-
bidity. Am ] Obstet Gymecol 1995;172:960-70.

Schein M, Assalia A, Bachus H. Minimal antibiotic therapy after
emergency abdominal surgeny: a prospective study. Br ] Surg
1994:81:989-91.

. Wavdhas C, Nast-Kolb D, Kick M, et al. Posttraumatic inflanma-

1ory response, secondary operations. and late multiple organ
failure. [abstract]. § Trauma 1994:74:164.

. Deitch EA. Tumor necrosis factor as the proximal mediator of

sepsis-Or this too will pass. Crit Care Med 1995:23:14578.

. Bone RC. Sepsis. SIRS and MODS: the new definition. Pro-

ceedings of Sepsis/SIRS, Washington DC. February 21-22,
1995,

_Barriere SL. Lowry SF. An ovenview of mortality risk prediction

in sepsis. Crit Care Med 1993:23:376-93.
Schetz M, Ferdinande P, Van den Berghe G, Verwaest C, Lauw-



€661 5515 Aegad *Dq ‘uoiBusey, ‘Sy1s/sisdag

Jo sSuipaanosg wBensqy ‘uonemOId ItuAsss MNP WIOL sauoLd
SSAOXD 2130w $2UNOLL [udo] Yooy 1, uoq Tueyeyed ‘Dl eayoiy 08

‘BOREOSEHS6] siqg g [

‘sisdas euardeq sapeSsuaumid prvauiuadxa 10y sdesaip onoqn
-ue Sunmp aseajal urkoopus jo sosnaugy] vy weliopy +1g datayg 62

B1IFUSEHE61 Woway)

WOy qOINURITY *3512}21 ULXOIOPUD PIINPULINOIGILIE JO I
=213 ey g wennpaadg ‘[ sadfnry “H[S samasag ] sung ‘gz

9661 aunf
Salang

"56:985:081'6661 s [10D wry [ yo0ys ndos jo japo
auned € ul fesuns asosdull 101 S20P UOHER|YOWSY SNOUIL
~OLIALIE SHONUNIUOD °[U 12 *) UOSUBINN ‘[ MSIER ‘Qf ueiaalg *£2

8

FI6:1S6661 PAN 2IrD 1D "AuLms dametinu wy enaandas paomp

-uisnaane snododoptdus 10) sdesap tonenpowty snouaso
~UALE snonunuo) "G seysuiH wd ol i uosiegy vy 8792

"GOE-065:1°4661 248D 111D wdo

a0 uaned endns |p fEonus g pue awoapuss astodsas
Joewnnegunusiss a1 ~Ifsupeagy AN no1suy) YN pauagy ‘g

92-GOT:ISC66] PAJY 2ITD AAISUDIY FASUISVOL 20 ISUIS

wdesat wawadeydas przax onmuregyiroad jo ey <g sia

0 10 WS 0oL



