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Inflammatory Response in Peritonecal Exudate
and Plasma of Patients Undergoing Planned
Relaparotomy for Severe Secondary Peritonitis

Réne G. Holzhcimer, MD; Moshe Schein, MD, FCS(SA); Dictmeanr 11 Wittmann, MD, PhD, FACS

Objectlve: To study the pattern of intraperitoneal cy-
tokine release in secondary peritonitis and its correla-
tion with plasma levels and prognosis.

Deslgn: Noncomparative descriptive case serics.
Setting: Department of surgery in a university hospital.

Patlents: Scventeen consccutive patients undergoing
planned relaparotomy for severe intra-abdominal infec-
tion (Acute Physiological and Chronic Health Evalua-
tion [APACHE 11} score >10; mean score, 17.5).

Interventlons: The following were measured at the first
and last serial operations in the peritoneal exudate and
plasma: endotoxin, tumor necrosis factor e (TNF-a), in-
terleukin-1 (IL-1), intetleukin-6 (11.-6), clastase, and neop-

tetin.

Maln Ovtcome Measures: Survival and death.
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Results: Six patients died. Peritoneal endotoxin levels
were significantly higher than in the plasma and were
signiflicantly higher in the nonsurvivors. Plasma
TNF-«, 116, clastase, and ncopterin levels remained
clevated in the nonsurvivors prior to death. Levels ol
INE-e, 11.-60, clastase, and endotoxin were 19, 903,
239, and 7 times higher, respectively, in the peritoneal
exudate than in plasma, all significamt dillcrences.
Elastasc and TNF-a levels decreased in survivors dur-
ing the operative treatment but remained clevated in
the nonsurvivors,

Conclusions: Sccondary peritonitis is associated with
a significant eytokine-mediated inflammatory response
that is compartmentalized in the peritoneal cavity and
indicates an adverse prognosis. Levels ol cytokines in the
exudate of peritonitis may he used 10 better stratify the
severity of penitonitis and, in fatare, 1o puide local therapy

(Arch Siwg 1995, 130:1314-1320)

HE MORTALIY rate of severe
bacterial peritonitis re-
mains high despite the maxi-
mal available therapy.! The
systemic manifestations ol
peritonitis are mediated by aeascade ol cy-
tokines produced by macrophages and other
host cells in response to the by-products ol
bacterial destruction (ic, endotoxin)? Death
is incvitable when an exaggerated cyto-
kine release leads to a continuous “media-
tor disease,” causing a generalized autode-
structive infllammatory response that is
resistant 10 all therapeutic options.’

An inmimcnsce body of data has in-
creased our understanding of the bio-
logic cascades that produce the systemic
inllammatory response and septic shock.**
Improved knowledge of the concentra-
tions of endotoxin and cytokines during
scpsis from various causes has led to con-
sideration of using endotoxin and cyto-
kine levels in the prediction of outcome
and thus clinical decision making.*
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Much less is known, however, about
the dynamics ol peritoncal cytokines and
their role in sccondary bacterial peritoni-
tis. Studies inmodels of experimental peti-
tonitis"* and analysis of inlected ascitic
fuid in spontancous bacterial peritoni-
s arinlected dialysate in paticis un-
dergoing continuous ambulatory perito-
neal dialysis'? ' showed that eytokines are
refeased intapetitoneally and that the nag-
nitude ol the phenomenon is directly pro-
portional to the mortality vate (Table 1).

Several authors measured circula-
tory cytokine levels in secondary bac-
terial peritonitis in humans'™ ™ and
stggested that high (wnor neerosis fac-
tor a (TNF-ee) and interleukin-6 (IL-6) lev-
cls,' in particular 1L-6 levels,**! are cor-

See Patients and Methods
on next page
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while in the nonsurvivors they remained elevated.
Levels of IL-6 decreased in both the survivors and the
nonsurvivors.

— T

A few clinical studies have assessed levels of plasma cy-
tokines together with circulating endotoxin in second-
ary intra-abdominal infection. Patel ct al'? detected no
signiflicant differences in endotoxin concentration be-
tween survivors and nonsurvivors; the levels decreased
with time in all patients. This was not conlirmed by our
study, in which endotoxin levels remained clevated dur-
ing the course of disease and were higher in the nonsur-
vivors than in the survivors. The present study repro-

duces the results of other studies that demonstrated
elevated levels of TNV-acand 1L-6,"* ' the later well cor-
related with APACHE 1 scores."™ " n the present study,
both TNF-« and 1L-6 levels were significantly higher in
the nonsurvivors before they died than in the survivors.
Conversely, Hamilton et al'® reported decreasing levels
of TNF-a and IL-6 prior to death, suggesting that this
reflects an “anergic immune status.”

Trauma ol any sort 1o the peritoneal cavity, includ-
ing that resulting from bacterial infection, is respon-
sible for a local acute-phase reaction involving the re-
lease of certain cytokines?' that are synthesized by
peritoneal mesothelial cells and macrophages.®# #* Stud-
ics in experimental peritonitis®® and in patients with spon-
tancous (primary) bacterial peritonitis'™'! or peritonitis
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Table 2. Plasma Levels of Endoloxin and Cylokines

Endoloxin, Elastase, Neapterin, Tumor Necrosis Factor, Interieukin-6,
U/mL po/mL pg/mb pa/mL pg/mL
First operation
Survivors 26x15 104+24 73 5+03 433+170
Died 30=15 175235 105 9+24 2630+ 108*
Last operation
Sunvivors 1.2+04 5810 9+4 5+06 1452
Died 3406 104417 90+52¢ 10+2.4¢% 1017+620¢
Control} 1.5 2748 1 2+28 0

*P=.09 compared with survivors.
{P<.05 compared with survivors.
$immedialely after eleclive colonic resection.

Tabla 3. Perlitoneal Exudate Levels of Endoloxin and Cylokines

_ __ P
Endotoxin, Elastass, Tumor Necrosls Factor, Interieukin-1, Interleukin-6,
U/mt pg/mL pg/mL pg/mL po/mL
First operation
Survivors 176 11194+1608 52+19 800301 33838x8457
Died 25+9 9993+3335 406270 4982+3613 15458+3342
Last operalicn . . ,
Survivors 9+7 2213+1093* 16x7¢ 580+410 . 4199511785
Dled 2261 2063782 161147 669377 220487021 .

*P<.05 compared with survivors in the lirst operation.
|P=.07 compared with survivors in the last operation

complicating chronic ambulatory peritoneal dialysis'? '

shed some light on the pattern and role of intraperito-
neal cytokine release (Table 1).

The peritoneal proinflammatory cascade may not be
different from the better-described systemic one.” The
initiation of peritonitis results in the local velease of TNF-«
and 11.-1, which in turn stimulate the release of second-
ary mediators, such as 1L-6 and [1.-8.5** Others have re-
ported elevation in peritoneal levels ol neopterin simi-
lar to the findings of the present study ™ and in the presem
studdy tevels of peritoneal clastase were significantly el-
cvated.

Typically, after the injection of an identical intra-
venous and intraperitoneal bacterial inoculum, levels of
TNF-« and 1L-1 inoculum were much lower in perito-
neal exudate than in plasima.®” Peritoneal levels ol TNF-«
and 11.-6 during spontancous bacterial peritonitis, how-
ever, were very high, while plasma levels measured si-
multaneously were just above normal.'" In addition, in
the present study, peritoneal levels ol endotoxin, TNF-«,
IL-1, [1.-6, and elastase were many times higher than si-
multancously measured plasma levels. These marked dlil-
ferences hetween plasima and peritoneal levels suggest that
plasma eytokines do not equilibrate veadily between the
peritoneal space and blood and that peritoneal cyto-
kines do not diffuse easily into the systemic circula-
tion.® Moreover, these dilferences indicate that bacterial
peritonitis induces a compartmentalized inllammatory
process (peritoneal macrophages may have different en-
dotoxin tolerance than macrophages elsewhere, or peri-
toneal clearance may be less clfective than systemic clear-
ance); plasma levels of cytokines in peritonitis are

produced systemically or may represent a systemic spill-
over.

Studies in systemic sepsis suggest that some
(magnitude as yet undelined) release of cytokines is ben-
clicial to the patient or animal, but excessive concentra-
tions are detrimental 772 The samc is probably true for
the peritoneal cavity, wheie elevaned levels of eytokines
are assoctted with adverse outcome, hut a cettain amount
ol cytokines may play a benelicial role in supporting lo-
cal host delense mechanisms.* Thus, for example, local
action of TNF-« and 11.-6 would induce peritoneal in-
Nlammation and hyperpermeability' but at the same time
would recruit neutrophils into the peritoneum (1L-8)"
to stimulate phagocytosis of bactevia and debris® and 1o
induce the production of plasminogen activator inhibi-
tor by mesothelial cells, thus promoting the formation
of infection-localizing fibrin adhesions.’® That cyto-
kines are locally beneficial in early peritonitis was sug-
gested by studies that demonstrated that anti-TNF-« an-
tibodies provided protection in intravenous infection
models but were not eflfective when administered
intraperitoneally in experimental peritonitis.®® More-
over, anti-TNF-a antibodies given intraperitoneally at
the time of cecal ligation and puncture increased mor-
tality, a trend that was reversed by the administration
of TNF-a.*

We can only speculate about the signilicance of the
results of this study. That the plasma and peritoneal en-
dotoxin levels remained elevated in the nonsurvivors prior
to death (albeit nonsignificantly) and decreased in the
survivors may reflect damage to the intestinal barrier,
allowing the translocation of luminat endotoxin into the
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PATIENTS AND METHODS

PATIENTS

Seventeen patients with advanced intra-abdominal infec-
tion (Acute Physiology and Chronic Health Evatuation I
{APACHE 1] score >10) were entered inlo this study.
Al underwem planned relaparotomy over a period of 18
months. Four patients withoul peritonitis alter colonic
operations served as controls. Ten patients were male
and seven female; mean age was 59 years (range, 35 to
81 years).

All patients suffered from diffuse secondary peritoni-
tis (defined as peritonitis originating from a spontancous
or postoperative delect in an abdominal viscus). The ori-
gin of infection was postoperative anastomotic dchis-
cence (six patients), perforation caused by diverticular or
malignant colonic discase (live patients), upper gastroin-
testinal tract perforations {four patients), and infected pan-
creatic necrosis (1wo patients).

The severity of acute illness was measured using the
APACHE 1l scoring system."

Planned relaparotomies wete executed according o
the staged abdominal repair (STAR) technique, as previ-
ously described.? Briefly, at the first (index) procedure for
peritonitis, the commitment was made to perform lapa-
rotomics at 24-hour inteevals until the abdomen was mac-
roscopically clean. Between relaparotomies, the abdominal-
wall defect was bridged with atemporary ahdominal ¢ losure
device: The mean number of reoperations was 3 3 per pa-
tient {range, one to cight)

Plasma and peritoneal exudate samples were col-
lected during the serial relaparotomies. The following
samples were then analyzed: (1) from the first serial op-
eration in all patients, (2) from the last operation in the
scries (during which the abdomen was formally closed) in
the survivors, and (3) from the Jast reoperation in the se-
ries prior to death in the nonsurvivors. As control mea-
surements, plasta levels of the above variables were ob-
tained from four patients immediately following an elective
colonic resection.

MEASUREMENTS

The blood samples were collected in heparinized tubes,
centrifuged within 30 minuwtes afier collection for 10
minuites at 200g and 4°C, and stored a1 —30°C for further
processing.

Endotoxin concentrations were determined by the
commercially available Limilus amebocyte lysate test
(Kabi-test, Kabivitrum, Kabi Pharmacia, Erlangen, Ger-
many); clastase concentrations by enzyme immunoassay
(E Merck, Darmstadi, Germany); and neopterin concen-
trations by radicimmunoassay (Henning, Berlin, Ger-
many). We measured IL-6, 1L-1, and TNF-a concentra-
tions with commercially available enzyme-linked
immunosorbent assay test kits (R&D Systems, Minne-
apolis, Minn).

Stavistical analysis was performed using the Instat 2
program (GraphPad, San Diego, Calif) or the STATA pro-
gram (Stata, Santa Barbara, CaliD). Resulis were expressed
as mean = SEM and were compated by the Mann-Whitney
test; P<.05 was considered significant.

related with poor prognosis. Others claimed, however,
that the patient group with lethal outcome was charac-
terized by signilicantly lower levels of TNE-a and
1.-6."

To the best ol our knowledge, the patteins ol cyto-
kine release have not been hitherto examined in the peti-
toneal cavity of patients suffering from secondary bac-
terial peritonitis, The aim of this prospective clinical stady
was to measure levels of eytokines in the peritoneal exu-
date of patients undergoing serial, planned relapa-
rotomy for severe intra-abdominal infections, correlat-
ing the dynamics of cytokines with plasma levels and
outcome.

Six patients (35%) died. The mean APACHE 1l score was

17.5; it was 14.9 in (he survivors and 21.8 in the non-
SWIvivors.

PLASMA SAMPLES

Endotoxin levels were signilicantly higher in the non-
survivors prior to death than in 1he survivors (Table 2).
Elastase levels were elevated at the initial operation. At
the last operation, elastase levels were higher in the non-

swivivors than in the survivors (P=.09). A similar pat-
tern was observed for neopterin levels; they were el-
cvated early in both groups and were signiflicantly higher
at the last operation in the nonsurvivors than in the sur-
vivors. Levels of TNF-a were significantly higher in the
nonsurvivors prior to death than in the survivors. Lev-
¢ls ol 1L.-6 were higher in nonsurvivors than in survi-
vors at the initial operation, but the difference was not
significant (P=.09); the dilference, however, was sig-
nilicant a1 the last procedure. Levels of 1L-1 were
undetectable,

PERITONEAL EXUDATE SAMPLES

Average levels of endotoxin, TNF-«a, elastase, and 1L-6
were 7-fold, 19-fold, 239-fold, and 993-fold higher, re-
spectively, in the peritoneal exudate than in the plasma
(Table 3). Levels of TNF-a decreased significantly in
survivors during the operative treatment but remained
clevated in the nonsurvivors. Levels of IL-1, which were
constantly elevated, did not differ between the survi-
vors and nonsurvivars. Endotoxin levels remained
clevated in the nonsurvivors prior to death, although
the difference between survivors and nonsurvivors
was not significant (P=.07). Elastase concentrations in
the survivors decreased significamly during the study,
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Wolfgang Ertel, MD, Zurich, Switzerland: | assume that
the pH varics in the exudates dependent on the scverity and
stage of perilonitis. Do the differences in pH influcnce your en-
zyme-linked immunosorbent assays, thus explaining some of
the differences in cytokine measurements which you have de-
scribed?

Cora K. Ogle, PhD, Cincinnati: Where do you think the
peritoneat cytokines are coming from? Do you think they are
coming from the gut? Do you think the endotoxin in the peri-
toneal cavity is stimulating the intestinal cells from a site in which
one normally doesn't see endotoxin? I wonder if the entero-
cytes are making neopterin. It might be a way to differentiate
them, what cells are actually making some of the cytokines, be-
cause as you heard this morning, we have reported from some
of our other work that enterocytes can produce inflammatory
cytokines.

Basil A. Pruitt, MD, San Antonio, Tex: | wonder how
you corrected the neopterin values lor renal function. We have
found that neopterin is very sensitive to creatinine clearance
changes. Conscquently, impaired renal lunction might ac-
count for the rise in neopterin in the nonsurvivors. Also, for
the plasma levels of ather mediators, how did you account for
changes in pool size in these dying patients who received a vari-
able amount of intravenous fNuids?

Dr Holzheimer: Itis true that we have presented hiere only
the data of the heginning and the end, but 1 can assure you that
we have done the daily measurements of the cytokines at Jeast
as long as the paticnts were in the lavage program. We also did
it prelavage, when we opencd the abdomen again, and when
we finished the lavage, and we could see a clear reduction of
the cytokines aficr lavage.

Despite the fact that it is certainly known that plasma cy-
tokines are clevated in secondary petitonitis, there are some
benelits of this study. One is that we have shown that perito-
neal TNF is decreased in survivors already at the index opera-
tion. This also corresponds to measurement of TNF in the
plasma. Of course, we were not able to deteet TNF-a in each
patientat every time point, butitis certainly true that we could

— IR

ccause the Pectoral Museles belong 1o the an-

terior wall of the axilla, they munst be supplicd

by anterior cords Gie. lateral and medial cards).
The branch fiom the lateral cod is the lateral pectoral
nerve (lateral anterior thovacic n). Hie branch hom the
medial cord, the medial pectoral nerve (medial amerior
thoracic n.), picrces the Pectoralis Minor and supplics
itand the lower hall ol the Pectoralis Major.

L Grant JCB. A Method of Anatemy Descriptive and Deductive, 5 e
Baltimore, Md- Williams & Witkins Co; 195291

measure or detect TNF-a in the exudate, so TNT measure-
ment is much more reliable in the exudaic.

Concesning prognosis, it was said that 11.-6, for example,
orother eytokines may he able to indicate 3 bad prognosis, |his
we could not demonsirate in our study. There was a trend 10-
ward an increased 11.-6 production in nonsurvivors at the first
index operation, so 1 would be very cautious in saying that in
plasma a cytokine could indicate prognosis. This may be dif-
ferent in the exudate.

To measure endotoxin in exudate and plasma, Dr Faist said
that it is not right to compare that. Well, we did it in order to
demonstrate whether lavage was able to down-regulate and 10
clear the abdomen of endotoxin.

Then there was a question about the 1echnigque of mea-
surement, In the first operation, of course, we measured the
cxudate and not the Tavage fluid. In regasd 1o renal function,
the question [rom Dr Pruitt, T have to admit that the eytokine
levels demonstrated here were not corrected for renal Tune-
tion. We have measured 1218 in this assay.

In regard to the question of Dr Alexander on the role of
1L-6, we have demonsirated that, curiously, in the nonsurvi-
vors, toward the end ol the operation, there was a tiend tha
thete is Tess -6 available in the exudate. T have no idea a1 the
moment what this means in the exudate, if it is good or had,

There was a question of Dr Eriel on pH differences. We have
notimcaswed pHin the exudate. Eamaware, and there were stud-
ics done in Wurzburg somce years ago, that pli is important and
that it influences, for example, also the antibiotic efficacy.

And the question from Dr Ogle: where do we think the
peritoneal cytokines come from? There is clearly a bacterial nans-
location. We have also demonstuated this inanother study, where
we measured endotoxin fram aortic ancurvem repair, and we
could demonstrate, afier clamping ol the aorta, an endotoxin
release. The cytokine production is mainly from peritoneal
phagocytes in the peritoneal exudate, and it is not clear whether
this is transmitted into the plasma. We have not done any other
study to demonstrate il there is a link between the estokines
in the permtoneal exudate and w the plasia.

ARCH SURGATOL 110, DEC 1995
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