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Inflammatory Response in Peritoneal Exudate
and Plasma of Patients Undergoing Planned
Relaparotomy for Severe Secondary Peritonitis
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Objective: 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 series.
Settings Department of surgery in a university hospital.

Patlents: Seventeen consecutive patients undergoing
planned relaparotomy for severe intra-abdominal infec-
tion (Acute Physiological and Chronic Health Evalua-
tion [APACHE 1] score >>10; mean score, 17.5).

Interventions: The following were measured at the first
and last serial operations in the peritoneal exudate and
plasma: endotoxin, tumor necrosis factor @ (TNF-a), in-
terleukin-1 (IL-1), interleukin-6 (IL-6), elastase, and neop-
terin.

Main Outcome Moasures: Survival and death.

Results: Six patients died. Peritoneal endotoxin levels
were significantly higher than in the plasma and were
significantly higher in the nonsurvivors. Plasma
TNF-a, IL-6, elastase, and neopterin levels remained
elevated in the nonsurvivors prior to death, Levels of
TNF-a, IL-6, elastase, and endotoxin were 19, 993,
239, and 7 times higher, respectively, in the peritoneal
exudate than in plasma, all significant differences.
Elastase and TNF-a levels decreased in survivors dur-
ing the operative treatment but remained elevated in
the nonsurvivors.

Conclusions: Secondary peritonitis is associated with
a significant cytokine-mediated inflammatory response
that is compartmentalized in the peritoneal cavity and
indicates an adverse prognosis. Levels of cytokines in the
exudate of peritonitis may be used to better stratify the
severity of peritonitis and, in future, 1o guide local therapy.
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HE MORTALITY rate of severe
bacterial peritonitis re-
mains high despite the maxi-
mal available therapy.' The
systemic manilestations of
peritonitis are mediated by a cascade of cy-
tokines produced by macrophages and other
host cells in response to the by-products of
bacterial destruction (ie, endotoxin).? Death
is inevitable when an exaggerated cyto-
kine release leads to a continuous “media-
tor disease,” causing a generalized autode-
structive inflammatory response that is
resistant to all therapeutic options.?

An immense body of data has in-
creased our understanding of the bio-
logic cascades that produce the systemic
inflammatory response and septic shock.>*
Improved knowledge of the concentra-
tions of endotoxin and cytokines during
sepsis [rom 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 of peritoneal cytokines and
their role in secondary bacterial peritoni-
tis. Studies in models of experimental peri-
tonitis*® and analysis of infected ascitic
fluid in spontaneous bacterial peritoni-
tis'®!" or infected dialysate in patients un-
dergoing continuous ambulatory perito-
neal dialysis'?'* showed that cytokines are
released intraperitoneally and that the mag-
nitude of the phenomenon is directly pro-
portional to the mortality rate (Table 1).

Several authors measured circula-
tory cytokine levels in secondary bac-
terial peritonitis in humans'>-'8 and
suggested that high tumor necrosis fac-
tor a (TNF-a) and interleukin-6 (IL-6) lev-
els,'® in particular IL-6 levels,'>!" are cor-

See Patients and Methods
on next page
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Robert E. Condon, MD, Milwaukee, Wis: The first has 1o
do with symptoms and signs. ! didn’t see a recording of
whether or not your patients exhibited a limp. A limp is a
very good marker for mischief in and around the hip, and
most of the patients who develop a primary iliopsoas abscess
will come limping into the emergency room. 1 was just won-
dering if you had had an opportunity to record whether or
not they had this particular physical sign and could share
that information with us.

Similarly, the classic psoas sign elicited by hyperexten-
sion of the hip is perhaps overtouted in cases of appendicitis
but is really useful with a psoas abscess. 1 am curious about in
how many patients, whose abscess was not so far advanced that
they lay in bed with a {lexion deformity, attempted extension
of the hip elicited a complaint of increased pain.

And then let me turn to the “gold standard™ diagnostic mo-
dality of CT, which certainly is as useful in this context as it is
with abscesses in the abdomen generally. But there are alter-
native technologies, particularly ultrasound, that might have
a useful role 1o play here. Ultrasound is readily available, should
be available in the emergency room, is easy 1o use at the bed-
side, is noninvasive, and is a lot less expensive as a screening
examination than is a CT examination. Did you and your col-
leagues have ultrasound available, did you use it in investigat-
ing patients with a suspected psoas abscess, and, if so, what was
your experience?

Finally, a question not seeking facts but your opinion. The
primary psoas abscess presumably is the result of hematog-
enous dissemination of bacteria from some point source else-
where in the body. Do you have any thoughts about why this
hematogenously disseminated infection localizes in the psoas
rather than in some other body site, such as bone, which it seems
1o do preferentially in children under other circumstances, or
in the spleen or elsewhere? Is this just a random process, or
are there some features about the psoas that make it particu-
larly liable to become the seat of an abscess?

J. Wesley Alexander, MD, Cincinnati, Ohio: Of histori-
cal interest, the founding president of the SIS, Dr Altemeier,

10.

1.

12

and I wrote a paper about 30 years ago on retroperitoneal ab-
scess, and included in those were a number of psoas ab-
scesses. One curious thing we found was that most of the psoas
abscesses that we identified at that time, which reflected some
30 years before, were largely hematogenous in origin, such as
the ones you have suggested here for the primary psoas ab-
scesses. We also identified several other retroperitoneal ab-
scesses that had involved the psoas muscle in one way or an-
other, as you have suggested by your secondary psoas abscess,
but we had at that time classified them as retroperitoneal ab-
scesses.

1 suppose it doesn’t really make too much difference
how they were classified except to identify the underlying
etiology, because if they come from gastrointestinal struc-
tures or the urinary tract, they are certainly treated differ-
ently from a primary abscess. Would you comment upon
why you classified these as psoas abscesses rather than retro-
peritoneal abscesses with the idea in mind that the workup
certainly may be different?

Maria D. Allo, MD, San Jose, Calif: We've recently had
a patient with a primary psoas abscess who presented with bac-
teremia and, in fact, had Staphylococcus aureus, growing in both
wrists, both knees and a hip. In a vein similar to what Dr Con-
don suggests, how many, il any, of the patients that you saw
with primary psoas abscesses had other concomitant sites of
Staphylococcus aureus.

Dr Santaclla: In reference to Dr Condon’s first few
questions, the presence of a limp or psoas sign, unfortu-
nately, a retrospective experiment is always subject to the
observations of those people who initially see the patient,
and, unfortunately, a psoas sign, although a very classic pre-
sentation for an iliopsoas abscess, was not very commonly
noted on admission criteria or throughout the hospital stay,
as well as a limp.

And as far as diagnostic CT vs ultrasound, part of our evalu-
ation was based on a CT, and we did not compare CT vs ul-
trasound. Although some series in the literature suggest that
ultrasound is a good initial screen, it may not be sensitive enough
to pick up iliopsoas abscess based on CT's superior imaging of
fascial planes. Therefore, it has been recommended in several
articles that [ have reviewed recently that CT scan is possibly a
much better exam, being more sensitive.

As far as hematogenous dissemination, [ believe that other
structures are certainly at risk for a hematogenous dissemina-
tion of infection, certainly endocarditis being one that we are
very familiar with. 1 believe that iliopsoas abscess of the ilio-
psoas muscle may be especially at risk because of its rich vas-
cular supply around and adjacent to the muscle, but whether
itis at particular greater risk than other structures that are more
commonly found, I wouldn't be able 10 comment on that fact.
As far as Dr Alexander’s comment, 1 am familiar with Dr Alte-
meier's paper. As far as the distinction between retroperito-
neal and iliopsoas compartments, certainly 1 believe that the
iliopsoas compartment and that area would be a subset of ret-
roperitoneal abscesses. We restricted our focus to those CT di-
agnoses which were restricted around and adjacent to, involv-
ing the iliopsoas muscle, and therefore did not look at all
retroperitoneal abscesses in general, and [ can't provide a com-
parison between those two.

As far as Dr Allo’s question, her experience with Staphy-
lococcus aureus infection in primary abscesses, our primary
abscess patients did not have other sites of Staphylococcus
aureus infection, although certainly with risk factors and
with the introduction of Staphylococcus aureus in the blood-
stream, 1 wouldn’t find that that would necessarily be
uncommon.
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PATIENTS AND METHODS

PATIENTS

Seventeen patients with advanced intra-abdominal infec-
tion (Acute Physiology and Chronic Health Evaluation 11
IAPACHE 1] score >10) were entered into this study.
All underwent planned relaparotomy over a period of 18
months. Four patients without peritonitis after 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 spontaneous
or postoperative defect in an abdominal viscus). The ori-
gin of infection was postoperative anastomotic dehis-
cence (six patients), perforation caused by diverticular or
malignant colonic disease (five patients), upper gastroin-
testinal tract perforations (four patients), and infected pan-
creatic necrosis (two patients).

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

Planned relaparotomies were executed according to
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-
rotomies at 24-hour intervals until the abdomen was mac-
roscopically clean. Between relaparotomies, the abdominal-
wall defect was bridged with a temporary abdominal closure
device. The mean number of reoperations was 3.3 per pa-
tient (range, one to eight).

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
series (during which the abdomen was formally closed) in
the survivors, and (3) from the last reoperation in the se-
ries prior to death in the nonsurvivors. As control mea-
surements, plasma 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 minutes after collection for 10
minutes at 200g and 4°C, and stored at —30°C for further
processing.

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

Statistical analysis was performed using the Instat 2
program (GraphPad, San Diego, Calif) or the STATA pro-
gram (Stata, Sama Barbara, Calif). Results were expressed
as mean*SEM and were compared 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 significantly lower levels of TNF-a and
IL-6.8

To the best of our knowledge, the patterns of cyto-
kine release have not been hitherto examined in the peri-
toneal cavity of patients suffering from secondary bac-
terial peritonitis. The aim of this prospective clinical study
was to measure levels of cytokines 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 the survivors and 21.8 in the non-
sSurvivors.

PLASMA SAMPLES

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

survivors than in the survivors (P=.09). A similar pat-
tern was observed for neopterin levels; they were el-
evated early in both groups and were significantly higher
at the last operation in the nonsurvivors than in the sur-
vivors. Levels of TNF-a were significantly higher in the
nonsurvivors prior 1o death than in the survivors. Lev-
els of IL-6 were higher in nonsurvivors than in survi-
vors at the initial operation, but the difference was not
significant (P=.09); the difference, however, was sig-
nificant at the last procedure. Levels of IL-1 were
undetectable.

PERITONEAL EXUDATE SAMPLES

Average levels of endotoxin, TNF-q, 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
elevated in the nonsurvivors. Levels of IL-1, which were
constantly elevated, did not differ between the survi-
vors and nonsurvivors. Endotoxin levels remained
elevated in the nonsurvivors prior to death, although
the difference between survivors and nonsurvivors
was not significant (P=.07). Elastase concentrations in
the survivors decreased significantly during the study,
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Table 1. Cytokines in Periloneal Fluid: Review of the Literature®
[P A A ]

TNF T but much tess than after IV
E coli injection; pretreatment with
ant-TNF 1gG led to {4 montality rate
following ths IV chaliengs but was
Ineftective in peritonitis

Astiz et al,” 1994 Cacal ligation and IP TNF and IL-1 T (T mortality rate);
puncture lower IP TNF and 1L-1 in a group
pretreated with 1P induction of
endotoxin tolerance
McMasters and Cecal ligation and T tavals of TNF and IL-1 in peritoneal
Cheadla,® 1893 puncture . macrophages; { lsvels of la
subunit in peritoneal macrophages
Zanstti et a),° IP E coli IP TNF 50- to 100-fold lower than
1892 plasma TNF after IV E coli;
anti~TNF antibodies reduced

serum 1L-1 and 1L-6 and mortality
rate after IV E coli but not atter

E coif peritonitis, in which IP IL-1
and IL-6 remained T

Soures, y Madel Chanpges in Cytokines 7 Message
: Experimental Peritonitis
Bagby et al.¢ 1991 P Eschierichia coll IP TNF T within 2 b; plasma Significant difference in tha role of

TNF in IV mode! of sepsis and
bacterial peritonitis

IP cytoking levels cosrelate with
outcome

An early shift in peritoneal
macrophage function from antigen
recognition to cytokina production

Local peritoneal cytokines do not
diffuss readily into the systemic
circulation; thus, soms cytokines
in peritonitis are produced
systemically; TNF may be less
important in lethal peritonitis than
in lsthal bacteremia

Pm;ist etal,®
1993

Zeni et al" 1933

Spontansous Bacterial Pariionitis in Liver Clrrhosis
IP lsvels of IL-6, TNF, neopterin, and
GCSF T levels of IL-2, IL-1, and
interferon gamma ware normal

IP IL-6, TNF, and naopterin levels
significantly correlated vith
outcoms

> TNF lavels; TNF peak very early
and of short duration; changss in
peritoneal parmeabitity related to
IP IL-6 and TNF levels

IP THF and IL-6 TT; serum TNF and IP TNF and IL-6 useful markers for
IL-6 slightly T; IP tsvels I during the diagnosis and monitoring of
antibiotic therapy this condition
Peritonitis in Chronic Ambulatory Peritoneal Dialysis
Nakahama et al,"2 IL-6 detectablz in peritoneal dialysate IP IL-6 marker of bacteria! peritonitis
1992 of 3721 patients with peritonitis;
iL-6 11 in 2 patients with bacterial
peritonitis, returning to normal as
peritonitis subslded
Zomel et a1,® IP IL-6 and IL-8 T in peritonitis in IL-8 involved In the recruiiment of
1994 paraliel and following the IP TNF neutrophils into the dialysate in
7, tevels return to normal during peritonitis
vacovary; IP IL-8 corresponded to
the number of leukacytes in the
dialysate
Zeme) et al,"* IP IL-6 and TNF T in peritoniils, with Local cytokines involved in increased
1933 peak valugs on day 1; IL-6 levels peritonaal permeabllity in

peritonitis

*IP indicates intraperitoneal; TNF, tumor necrosis factor; T, elevated; IV, intravenous; IL, interleukin; L, decreased: GCSF, granulocyte colony-stimulating

factor; and 1T, markedly elevated.

while in the nonsurvivors they remained elevated.
Levels of 1L-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 et al'’ detected no
significant differences in endotoxin concentration be-
tween survivors and nonsurvivors; the levels decreased
with time in all patients. This was not confirmed by our
study, in which endotoxin levels remained elevated 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 TNF-a and IL-6,'*!7 the latter well cor-
related with APACHE Il scores.'>'” In the present study,
both TNF-a and IL-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 of any sort to 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-
jes in experimental peritonitis*® and in patients with spon-
taneous (primary) bacterial peritonitis'®!! or peritonitis
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Table 2. Piasma Levels of Endotoxin and Cylokines
Endotoxin, Elastase, Naopterin, Tumor Necrosls Factor, Interleukin-6,
U/mL pa/mL pug/mL pa/ml. pp/mL
Frst oparation
Survivors 26x15 104+24 7+3 5+03 433170
Died 3.0x15 17535 10+5 9+24 2630108
Last operation
Survivors 1.2+04 58+10 9+4 5206 14.5+2
Died 3.4+06 10417+ 9052t 10+2.4¢ 1017620t
Control 15 27x8 1 2+28 0

*P=.09 compared with survivors.
1P<.05 compared with survivors.
$immediately after elective colonic resection.

Table 3. Peritoneal Exudate Levsis of Endotoxin and Cytokines
e .

Endotoxin, Elastase, Tumor Necrosis Factor, Interleukin-1, Interleukin-6,
U/mL pg/mL py/mL po/mL po/mL
First oparation
Survivors 176 111941608 52219 800+301 33838+8457
Died 25+9 9993+3335 405+270 4982+3513 154583342
Last operation
Survivors 9+7 2213+1093* 167+ 580410 41995+11785
Died 22+61 2063+782 161147 669377 220487021

*P<.05 compared with survivors in the first operation.
tP=.07 compared with survivors in the last operalion.

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 release of TNF-a
and IL-1, which in turn stimulate the release of second-
ary mediators, such as IL-6 and IL-8.5"* Others have re-
ported elevation in peritoneal levels of neopterin simi-
lar to the findings of the present study,® and in the present
study levels of peritoneal elastase were significantly el-
evated.

Typically, after the injection of an identical intra-
venous and intraperitoneal bacterial inoculum, levels of
TNF-a and IL-1 inoculum were much lower in perito-
neal exudate than in plasma.®® Peritoneal levels of TNF-a
and IL-6 during spontaneous 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 of endotoxin, TNF-a,
IL-1, IL-6, and elastase were many times higher than si-
multaneously measured plasma levels. These marked dif-
ferences between plasma and peritoneal levels suggest that
plasma cytokines do not equilibrate readily between the
peritoneal space and blood and that peritoneal cyto-
kines do not diffuse easily into the systemic circula-
tion.? Moreover, these differences indicate that bacterial
peritonitis induces a compartmentalized inflammatory
process (peritoneal macrophages may have different en-
dotoxin tolerance than macrophages elsewhere, or peri-
toneal clearance may be less effective 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 undefined) release of cytokines is ben-
eficial to the patient or animal, but excessive concentra-
tions are detrimental.?”?® The same is probably true for
the peritoneal cavity, where elevated levels of cytokines
are associated with adverse outcome, but a certain amount
of cytokines may play a beneficial role in supporting lo-
cal host defense mechanisms.? Thus, for example, local
action of TNF-a and IL-6 would induce peritoneal in-
flammation and hyperpermeability" but at the same time
would recruit neutrophils into the peritoneum (IL-8)"?
to stimulate phagocytosis of bacteria and debris* and to
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-a an-
tibodies provided protection in intravenous infection
models but were not effective 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 significance 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 luminal endotoxin into the

ARCH SURG/VOL 130, DEC 1995

1317



peritoneal cavity. On the other hand, it may indicate fail-
ure to surgically eliminate the source of infection or fail-
ure of antibiotic therapy.

Elevated plasma neopterin levels, which were higher
in the nonsurvivors at their last operation than in the sur-
vivors, indicate enhanced activation of macrophages. El-
evated plasma neopterin levels could also indicate mac-
rophage apoptosis or programmed cell death.” Increased
plasma neopterin concentrations were found in a vari-
ety of infectious, malignant, and autoimmune condi-
tions,** and elevated plasma neopterin levels predicted
adverse outcome in patients with sepsis in the intensive
care unit.”” Elastase is produced by polymorphonuclear
cells and is thus a marker of their activation and degranu-
lation, as demonstrated in patients with sepsis* or fol-
lowing trauma.” In the present study, elastase levels re-
mained elevated in the plasma of nonsurvivors prior to
death while levels decreased in the peritoneal exudate of
survivors, indicating ongoing activation of polymorpho-
nuclear cells in the former group.

Increased plasma levels of TNF-a, IL-6, elastase, and
neoplerin, taken together with the failure of peritoneal
levels of TNF-a, IL-1, and elastase to decrease in non-
survivors during the last operation, suggest continuous,
nonbeneficial, local, and systemic inflammatory activity
in these patients during the repeated laparotomies and
until death. To what degree reoperative trauma acti-
vates or escalates the ongoing inflammatory response re-
mains to be established.”**

What are the practical implications of our results?
The evidence that levels of cytokines in the peritoneal
fluid during peritonitis are much higher than in the sys-
temic circulation and that increased concentrations of cy-
tokines signify adverse prognosis suggests that perito-
neal cytokine measurement can be used to better stratify
the severity of the acute illness. The use of cytokine se-
rum concentrations in a cytokine scoring system® to pre-
dict outcome in sepsis® has been frustrated by the fact
that circulatory concentrations of free bioactive cyto-
kines may be negligible, yet significant amounts of cy-
tokines may be present at the tissue level (ie, in the peri-
toneal cavity).? Local estimation of cytokine levels may
better reflect the severity of an initially local process (ie,
peritonitis).

Measurements of intraperitoneal cytokines could
represent an important research tool in the efforts to
improve the management of peritonitis. For example,
should antibiotic therapy be started only afier the
evacuation of pus from the abdomen, to prevent
antibiotic-induced endotoxemia?*' Intraoperative esti-
mation of peritoneal levels of endotoxin, TNF-a, and
other cytokines before or after the administration of
antibiotics may shed new light on this controversy. In
the future, rapid intraoperative peritoneal cytokine
assays may guide specific intraperitoneal therapy (ie,
local anti-TNF-a antibodies).

If the intraperitoneal cytokines are advantageous to
the normal peritoneal immune response, the notion of,
“Don't block local cytokines: remove excess cytokines
from the systemic circulation,”*> may be true. In certain
concentrations and at certain times, however, intra-
peritoneally compartmentalized cytokines probably

cause persistent end-organ damage® or may spill over
to produce adversely high levels in the systemic circu-
lation. That the elimination of excessive amounts of
intraperitoneal cytokines may be beneficial is sup-
ported by decreased mortality of patients who were
treated by staged abdominal repair (STAR), an opera-
tive strategy in which the abdominal cavity is purged
every 24 hours.”

We conclude that secondary peritonitis is associ-
ated with a significant cytokine release that is compart-
mentalized in the peritoneal cavity. The magnitude of this
cytokine release reflected the severity of the process and
prognosis. The systemic and local inflammatory re-
sponse persisted during relaparotomy in the nonsurvi-
vors. More experimental and clinical studies are re-
quired to distinguish the local, intraperitoneal, beneficial,
and adverse effects of cytokines, including magnitude and
timing, before any therapeutic implications can be de-
fined.
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Eugen H. K. J. Faist, MD, Munich, Germany: Being a fol-
lower of planned relaparotomy, as well as having invested a sub-
stantial amount of time in my career with proinflammatory re-
sponses, the title of your presentation, which promised to link
the treatment of peritonitis by programmed daily lavage with
new insights into the biochemistry of inflammation, evoked a
great deal of curiosity in me.

Your idea of measuring proinflammatory cytokines as well
as clastase, endotoxin, and neopterin in plasma and peritoneal
exudate is a great design. All we have learned from your ex-
periments was that patients—and this is no surprise—dying
of peritonitis have hyperinflammation. The patients who sur-
vive peritonitis and have their abdomen closed have less in-
flammation, so I do believe that there are no surprises and no
new data derived from your study. I'm really wondering why
you did not exploit your basic design and compare patients on
a day-10-day basis for the benefit of programmed relapa-
rotomy.

I further challenge your idea that by evaluating the in-
flammatory mediators from the peritoneal exudate you might
gain information with respect to prognosis. I also do not be-
licve that it is very valuable to compare, for example, endo-
toxin levels in the peritoneal cavity vs the plasma. | would thus
like 1o ask you 10 do the study again, to reevaluate it in terms
of daily scrutiny, and [ do believe that this might then give us
interesting data.

Carl J. Hauser, MD, Jackson, Miss: Was the fluid exam-
ined truly exudate, or was it a lavage of the peritoneal cavity?
Using peritoneal lavage creates significant problems with
respect to standardizing the dilution of proteins in any perito-
neal fluid or on peritoneal surfaces. | would like to focus for a
moment on the elastase levels. These were decreased late in both
survivors and nonsurvivors. Do you think this reflects an ap-
propriate decrease in polymorphonuclear leukocyte activity in
survivors owing to decreased inflammation, and perhaps poly-
morphonuclear leukocyte failure in the nonsurvivors?

Lyle L. Moldawer, PhD, Gainesville, Fla: Is it interleu-
kin-la or interleukin-1p that you are measuring? Secondly, tell
us about the TNF-a enzyme-linked immunosorbent assay. 1f
you are looking at differences in concentration between 2 and
4 pg/mL, is that within the sensitivity of the assay? What is the
frequency of patients in whom you could detect positive levels
of TNF? What percentage of plasma samples were detectable?

J. Wesley Alexander, MD, Cincinnati, Ohio: Dr Gen-
nari in our laboratory recently showed that the administration
of anti~1L-6 antibody to mice in a translocation model signifi-
cantly improved survival, even when the drug was given dur-
ing the postburn period. In your studies, the IL-6 in the exu-
date was basically the same between survivors and nonsurvivors.
However, in the plasma, levels were strikingly different, both
at the initial operation and at the last operation. Where does
this IL-6 come from, and was there an initial prognostic value
of plasma IL-6? Finally, what do you think the role of IL-6 is
in the mortality of these patients?
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Wolfgang Ertel, MD, Zurich, Switzerland: [ assume that
the pH varies in the exudates dependent on the severity and
stage of peritonitis. Do the differences in pH influence 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
peritoneal 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? | 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 for renal function. We have
found that neopterin is very sensitive to creatinine clearance
changes. Consequently, impaired renal function might ac-
count for the rise in neopterin in the nonsurvivors. Also, for
the plasma levels of other mediators, how did you account for
changes in pool size in these dying patients who received a vari-
able amount of intravenous fluids?

Dr Holzheimer: It is true that we have presented here only
the data of the beginning and the end, but 1 can assure you that
we have done the daily measurements of the cytokines at least
as long as the patients were in the lavage program. We also did
it prelavage, when we opened the abdomen again, and when
we [inished the lavage, and we could see a clear reduction of
the cytokines after lavage.

Despite the fact that it is certainly known that plasma cy-
tokines are elevated in sccondary peritonitis, there are some
benefits 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 detect TNF-a in each
patient at every time point, but it is certainly true that we could

B —

ecause the Pectoral Muscles belong to the an-

terior wall of the axilla, they must be supplied

by anterior cords (ie, lateral and medial cords).
The branch from the lateral cord is the lateral pectoral
nerve (lateral anterior thoracic n.). The branch from the
medial cord, the medial pectoral nerve (medial anterior
thoracic n.), pierces the Pectoralis Minor and supplies
it and the lower half of the Pectoralis Major.

1. Grant JCB. A Mcthod of Anatomy: Descriptive and Deductive. 5th ed.
Baltimore, Md: Williams & Wilkins Co; 1952:91.

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

Concerning prognosis, it was said that IL-6, for example,
or other cytokines may be able to indicate a bad prognosis. This
we could not demonstrate in our study. There was a trend to-
ward an increased IL-6 production in nonsurvivors at the first
index operation, so I 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 1o compare that. Well, we did it in order to
demonstrate whether lavage was able to down-regulate and to
clear the abdomen of endotoxin.

Then there was a question about the technique of mea-
surement. In the first operation, of course, we measured the
exudate and not the lavage fluid. In regard to renal function,
the question from Dr Pruitt, I have to admit that the cytokine
levels demonstrated here were not corrected for renal func-
tion. We have measured 1L-1@ in this assay.

In regard to the question of Dr Alexander on the role of
1L-6, we have demonstrated that, curiously, in the nonsurvi-
vors, toward the end of the operation, there was a trend that
there is less 1L-6 available in the exudate. I have no idea at the
moment what this means in the exudate, if it is good or bad.

There was a question of Dr Ertel on pH differences. We have
not measured pH in the exudate. 1am aware, and there were stud-
ies done in Wurzburg some years ago, that pH 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 trans-
location. We have also demonstrated this in another study, where
we measured endotoxin from aortic aneurysm repair, and we
could demonstrate, after clamping of 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 1o demonstrate if there is a link between the cytokines
in the peritoneal exudate and in the plasma.
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