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Abstract

Introduction: Bacterial peritonitis is a severe medical
condition associated with a natural mortality rate of
80-100%. Progress in surgical techniques, new devel-
opments in intensive care medicine and antibiotic
therapy reduced this rate significantly. Aim of this
study was to evaluate sepsis parameter in perforated
appendicitis and different postoperative management.
Methods: In 50 consecutive patients with diffuse bacte-
rial peritonitis and perforated appendicitis, laparotomy
was performed. Subsequently, 25 patients were treated
with adjuvant, continuous peritoneal lavage (CPL) us-
ing standard peritoneal dialysis (CAPD)-solution The
remaining 25 patients were peritoneally drained with-
out postoperative irrigation (Non-CPL). In all patients
endotoxin, tumor necrosis factor-o (TNF-ar), intet-
leukin (IL-6), C-reactive protein (CRP) and myeloid-
related protein (MRP-8, MRP-14 and Heterocomplex)
were determined.

Results: No difference in clinical outcome between
CPL and Non-CPL could be established. An uncom-
plicated clinical outcome was associated with lower
levels of inflammation markers. Furthermore, clinical
data revealed that mortality depended on co-morbidi-
ty, and patient's age.

Summary: In perforated appendicitis a faster decrease
of mediator release could not be achieved with either
method. In addition, no difference could be estab-
lished for the clinical parameters like hospitalization,
duration of intensive care and morbidity.

INTRODUCTION

Bacterial peritonitis is a severe illness that is associated
with an exceptional high mortality rate of 80-100%
when untreated [1, 3, 8, 10, 11, 14, 19, 22, 23].
Progress in surgical techniques, improvements in in-
tensive care medicine and introduction of antibiotics
reduced this rate significantly [16, 19, 24, 27]. Most
frequent reasons for developing bacterial peritonitis
are perforations of the gastrointestinal tract with cont-
amination of the peritoneal cavity. The peritoneal
membrane serves as a barrier between the peritoneal

* The first two authors contributed equally to this paper.

cavity and the circulation. Irritation of the peritoneum
due to chemical and bacterial products results in tran-
sudation and exudation to the peritoneal cavity. The
physiological daily volume of intraperitoneal fluid is
less than 100 ml. However, in the course of peritoni-
tis, it frequently sums up to several liters a day. This
fluid shift plays a major role in the frequent develop-
ment of life-threatening hypotension and shock ob-
served in such cases [28].

Established treatment of diffuse peritonitis includes
sanitation of the infectious focus with intra-operative
irrigation of the peritoneal cavity and limited debride-
ment. Despite these treatment modalities, diffuse bac-
terial peritonitis is still reported with a mortality rate
of up to 30% [25, 29]. Causes for the poor clinical
outcome of patients with diffuse peritonitis are inef-
fective control of the focus and the systemic sepsis
syndrome finally leading to multi organ failure and
death [13, 16, 18, 21, 26, 27, 31]. Established therapeu-
tic concepts for local control of peritonitis are open
package [10, 13, 25], irrigation of the abdominal cavity
in intervals [2, 4, 15, 18, 29, 31], placement of abdomi-
nal drains [13, 30] and continuous peritoneal lavage
(CPL) [12, 20, 21]. The rationale to use CPL is to re-
move fibrin clots, blood, bacteria and endotoxin from
the peritoneal cavity. These surgical approaches come
along with intensive care and broad-spectrum antibiot-
ic therapy to treat systemic effects. In this pilot trial,
we evaluated the therapeutic effect of an adjuvant
therapy with CPL subsequent to surgical debridement,
lavage and drainage in patients with the diagnosis of
bacterial peritonitis, with respect to outcome and a
comprehensive panel of inflammatory markers. Stan-
dard dialysis solution, as it is utilized for peritoneal
dialysis, served as flush solution in this study.

MATERIAL AND METHODS

PATIENTS AND STUDY DESIGN

The study was approved by the local ethics committee.
We investigated the clinical course of 50 consecutive
patients with peritonitis due to perforated appendicitis.
Inclusion criteria were patients with perforated appen-
dicitis and peritonitis. Exclusion criteria were immuno-
suppressive therapy, AIDS (acquired immunodeficien-
cy syndrome) or ARCS (AIDS related complex syn-
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drome).All patients were treated by laparotomy, which
included sanitation of the infectious focus, intraopera-
tive irrigation of the peritoneal cavity and sufficient
debridement. 25 patients were treated by CPL whereas
in another 25 patients, a drainage catheter was placed
but CPL was not performed (Non-CPL). Demographic
and clinical data of all patients are summarized in

Table 1.
CONTINUOUS PERITONEAL LAVAGE (CPL)

Subsequent to appendectomy, debridement of fibrin
clots and intraoperative lavage (10 min x 2000-5000
ml) was performed and drainage tubes were placed to
the peritoneal cavity. Two irrigation tubes (Salem) to
flush the peritoneal cavity were placed next to the co-
ecum and a large silicon drainage tube was positioned
to the Douglas pouch. After closing the abdomen with
sutures, CPL was initiated and continued until bacteri-
al cultures of the effluat were sterile. Irrigation tubes
were then used as drains without suction. As flush
solution we used a standard CAPD dwell (CAPD/
DPCA 2, Fresenius Medical Care, Bad Homburg, Ger-
many) comptised of 1.5% glucose, 134 mmol/1 sodi-
um, 1.75 mmol/l calcium, 0.5 mmol/l magnesium,
103.5 mmol/1 chloride, and 35 mmol/] lactate. In pa-
tients suffering from candida sepsis, the same formu-
lation without glucose was used (SHO5, Fresenius). In
general, the amount of lavage started on a rate of 24
liters per 24 hours on the first postoperative day and
was reduced on the following days. The reduction of
the lavage depended on the clinical status of the pa-
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tient and the appearance of the lavage fluid. If the
symptoms of peritonitis like fever and elevated in-
flammatory parameters disappeatred, the continuous ir-
rigation was gradually reduced. All patients were treat-
ed in the same intensive care unit and received broad
spectrum antibiotics with adjustment, according to the
microbiological resistograms. No antibiotics were
added to the irrigation fluids.

ANALYSIS OF INFLAMMATORY MARKERS

To monitor the inflammatory course endotoxin, IL-6,
TNF-a, MRP and CRP plasma levels as well as the
amount, quality and subpopulation of granulocytes of
the peritoneal exudate were determined daily thru the
10t postoperative day. Blood was drawn under sterile
conditions from central venous catheters in pyrogen
free diagnostic tubes. The heparinized blood (10
IE/ml) was centrifuged at 2000 x g for 15 min. to ob-
tain platelet free plasma. Plasma samples were divided
in aliquots and stored at —70 °C for up to 3 months
until assayed.

The determination of endotoxin and endotoxin
neutralizing capacity (ENC) was performed using a
chromogenic modification of the Limulus amebocyte-
lysate-(LAL)-test [7]. The LAL-test is a two-step end-
point colorimetric assay that was performed in mi-
crotiter plates (Greiner Co., Nirtingen, Germany).
The following solutions were prepared:

Solution A:  Endotoxin lysate (Pyroquant Co., Wall-
dorf, Germany) solved in pyrogen-free

Table 1. Demographic and clinical data of the study group. Mean values, standard deviation and percentage in brackets.

Operation Type Drainage CPL Non Survivor Survivor Persisting Peritonitis
N 25 25 2 48 4
Gender (male /female) 12/13 14/11 1/1 24/24 1/3
Age (years) 31+ 21.7 34.2 £ 282 645064 31.3 £ 246 36.8 £ 324
BROCA -Index 179 +21.8 753+ 174 18 + 25.5 12.2 +20.1 13.6 £ 19.5
Apache II-Score 51+t54 6.6 5.1 13.5+£ 35 55151 9.5+£5.8
Abscess 5 (20%) 9 (36%) 1 (50%) 13 (27.1%) 2 (50%)
Estimated duration of 36+ 24 36+ 16 60 £ 16 24.0 £ 8.0 48 + 24
preoperative peritonitis /

CHF 2 (8%) 1 (4%) 2 (100%) 1 (2.1%) 1 (25%)
Diabetes mellitus 2 (8%) 4 (16%) 1 (50%) 5 (10.4%) 1 (25%)
COPD 4 (16%) 2 (8%) 2 (100%) 4 (8.3%) 2 (50%)
Chronic renal failure 1 (4%) 2 (8%) 1 (50%) 2 (4.2%) 2 (50%)
Re-operation 0 2 (8%) 1 (50%) 0 2 (50%)
Mortality 0 2 (8%) 2 (100%) 0 2 (50%)
Hospitalization * 7t7 13 £8.7 13+0 10.2 £ 8.3 18.5 £ 13.1
Lavage duration * 43159 35107 26148 10.5 + 14.3
Removal drainage * 1.5+ 2.7 6.6%6 70 40=*54 12.8 £ 13.6
Postop. intubation * 0.5+t22 1+1 10.5 £ 0.7 0.1+0.2 53%6.1
Bowel movement * 24+141 25109 50+ 1.4 24108 38+ 1.7

COPD: chronic obstructive pulmonary disease, CHF: chronic heatt failure, * values given in days, / values given in hours
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water according to the manufacturer’s
recommendations

Pefachrome (Dietzenbach, Germany), a
chromogenic substrate at a concentration
of 10 umol in 6.6 ml of pyrogen-free
water

0.2 M NaCl, 0.05 M TRIS/HCI (pH 9.0)
20% acetic acid

Solution B:

Solution C:
Solution D:

In brief, plasma samples were diluted 1:10 with py-
rogen free water and heat inactivated for 10 min. at
75 °C. 50 pl of the pretreated samples were added to
50 ul of solution A and incubated for 30 min. at
37 °C. Theteafter, 100 ul of solution B diluted with
solution C (1:2) were added and further incubated for
3 min at 37°C. The reaction was then stopped by
adding 200 pl of solution D. The changes in the
extinction coefficient were measured spectrophoto-
metrically at a wavelength of 405 nm (SLT Co,
Salzburg, Austria). The relative units per ml (EU/ml)
of endotoxin activity present in the unknown samples
were determined by comparison with the standard
curve generated by dilution of EC5-standard (Pyro-
quant Co., Walldorf, Germany). The lower and upper
detection limits were 0.015 EU/ml and 1.5 EU/ml,
respectively. The intra- and inter-assay variation coeffi-
cients of 30 determinations were below 8% as
routinely determined by concomitant testing of sam-
ples containing high and low concentrations of endo-
toxin.

Endotoxin neutralizing capacity (ENC) was quanti-
fied after loading plasma with exogenous endotoxin
and determining the endotoxin recovery. In short, 20
ul (20 EU) of standard endotoxin NP2 (derived from
Salmonella abortus equi; Pyroquant Co., Stadt, Land),
were added to 180 ul of plasma and incubated for 60
min at 24 °C. The endotoxin recovery was determined
after dilution with isotonic NaCl, 1:10, by the LAL
test as previously described but without further inacti-
vation. The incubation time between lysate and sample
was reduced to 20 min. and standard curves were es-
tablished in isotonic NaCl instead of plasma. Inter-
and intra-assay variation coefficients were below 6.5%
as checked for high and low endotoxin determinations
in 30 different samples. Due to the method to measure
ENC, it is important to note that high levels of recov-
ered endotoxin in the limulus test indicate a decrease
of ENC.

C-reactive protein (CRP) was measured by a
Behring nephelometer II (Behring Co., Marburg, Ger-
many). In brief, polystyrene particles coated with
antibodies against CRP were mixed with plasma sam-
ples. Agglutination of the mixture was measured by
intensity changes of the scattered light in the neph-
elometer. The CRP concentration in unknown sam-
ples was calculated in comparison with standard
curves generated by dilution of a known concentra-
tion. Plasma levels of interleukin-6 (IL-6) were mea-
sured by semiautomatic chemiluminescence-based
ELISA IMMULITE, DPC Bierman, Bad Nauheim,
Germany) according to the manufacturer’s recommen-
dation. TNF-a, Myeloid-related protein (MRP-§,
MRP-14), and the heterocomplex of both single pro-
teins were measured by specific ELISA (Biotest, Bad
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Nauheim, Germany). Also, we measured the granulo-
cytes in the peritoneal fluid.
STATISTICAL ANALYSIS

Mean values, ranges and standard deviation are given.
The Mann-Whitney U-test was utilized to determine
differences among groups at various time points. Sta-
tistical analysis was performed by comparing the area
under the curve (AUC) using the Mann-Whitney U-
test. p<0.05 was accepted as statistically significant. All
statistics were carried out using the statistical SPSS for
Windows 12 software (SPSS Inc., USA).

RESULTS

When comparing the “Area under the curve” of the in-
flammatory mediators in CPL with the mediators of
the Non-CPL group from patients with an equivalent
Apache-1I-score, a significant difference could not be
established for one of these parameters. Also no dif-
ference could be established for the clinical outcome
(hospitalization, duration of intensive care and mor-
bidity, p> 0.05).

Opverall mortality in this trial was 4 % (Table 1). 2
patients who died suffered from preoperative multior-
gan failure due to existing comorbidity. The re-opera-
tion rate was 0% for the Non-CPL-group and 8% for
CPL. Median duration time of postoperative CPL was
4 days. In all patients, the volume of CPL lavage
ranged between 8 and 24 liters per day in diffuse 4-
quadrant peritonitis. Failure of the irrigation system
due to catheter occlusion occurred in 9% of all pa-
tients.

Analysis of clinical data gave an indication that
postoperative complications and mortality could corre-
late with co-morbidity and patient's age. Two patients,
both over 60 years old, died in the postoperative peti-
od. Furthermore, they suffered from congestive heart
failure as well as respiratory insufficiency correspond-
ing to an Apache-1I Score > 11 (Table 1).

Mediators of inflammatory response evaluated in
this trial (endotoxin-, TNF-a.-, IL-6-, CRP-, MRP-plas-
ma levels and granulocytes of the peritoneal fluid)
where correlated with the clinical outcome. In CPL pa-
tients with an uneventful postoperative course the
number of granulocytes in peritoneal effluate de-
creased during treatment (Fig. 1A). In contrast, granu-
locyte count increased in patients with persisting peri-
tonitis (n = 4).

We further investigated whether other postoperative
complications may have influenced the granulocyte
count and found that patients with postoperative pneu-
monia had a prolonged higher granulocyte count com-
pared to those with an uncomplicated course (data not
shown).

As expected, CRP levels differed in patients with an
uncomplicated course compared to those with persist-
ing peritonitis. Comparing the course of CRP and
granulocytes, the latter showed a faster response after
surgery and development of other complications.
Therefore, the granulocyte count in peritoneal fluid
may be used as an indicator of peritoneal inflammation
and a signal-parameter to reduce the amount of post-
operative lavage.
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Fig. 1. Time course of granulocytes in peritoneal exudate and
plasma concentration of various acute phase proteins during
CPL in uncomplicated postoperative courses (n = 21) or with
persisting peritonitis (n = 4)

The ordinate gives the median levels of granulocyte counts in
peritoneal exudate (plate A), MRP-8 (plate B), MRP-14 (plate
C), and heterocomplex, a stochiometric complex of MRP-8
and MRP-14 (plate D). The abscissa shows the points of exu-
date and blood sampling. A = on admission, 1d - 10d = cor-
responding postoperative days. Statistical analysis was per-
formed by comparing the area under the curve (AUC) using
the Mann-Whitney U-test.

To evaluate a possible predictive value regarding the
clinical outcome of other inflammation markers, levels
of endotoxin, IL.-6, TNF-a, MRP-8, MRP-14 and the
heterocomplex of MRP-8/-14 in 100 patients with dif-
fuse peritonitis were determined.

The inflammatory markers in patients with preoper-
ative diffuse peritonitis with an uncomplicated course
(n = 406) compared to those with persisting peritonitis
(n = 4) in CPL are shown in Figures 1 and 2. It ap-
peared that patients with persisting peritonitis showed
higher levels of MRP-8, MRP-14 and the heterocom-
plex (Fig. 1) as well as endotoxin, endotoxin neutraliz-
ing capacity (ENC), IL-6, and CRP (Fig. 2) when com-
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Fig. 2. Release of pro-inflaimmatory mediators in plasma
during CPL in uncomplicated postoperative courses (n =
21) or with persisting peritonitis (n = 4)

The ordinate gives the median levels of endotoxin (plate A),
endotoxin neutralizing capacity = ENC (plate B), inter-
leukin—6 = IL-6 (plate C), and C-reactive protein = CRP
(plate D). The abscissa shows the points of blood sampling.
A = admission, 1d-10 d = corresponding postoperative
days. Statistical analysis was performed by comparing the
area under the curve (AUC) using the Mann-Whitney U-test.

pared to patients with an uneventful postoperative
course. No differences among groups were detectable
for TNF-a. As expected, the duration of the peritoni-
tis had a negative impact on the amount of the re-
leased mediators. Intraoperative evaluation of the state
of peritonitis (removal of fibrin clots as a marker of
the duration of peritonitis) and correlation of the lat-
ter with the amount of mediator release suggested,
that mediator plasma levels may be impacted by the
duration of the inflaimmation process. ENC appeared
to be a more sensitive predictor than endotoxin. The
best predictive value was reached for the MRP-8/-14
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heterocomplex. Endotoxin, IL-6 and CRP showed
higher levels in patients who died in the postoperative
course. The TNF-a plasma levels did not change dur-
ing our observation time (data not shown).

DiscussioNn

Endotoxin is known to be a trigger of the acute phase
response and is often related to infectious complica-
tions [5, 7, 9, 17]. In patients undergoing cardiac
surgery we demonstrated that subjects developing in-
fections in the postoperative course revealed signifi-
cantly higher endotoxin levels than patients with an
uneventful postoperative course [6]. It is widely ac-
cepted that therapeutical approaches in sepsis should
aim to remove endotoxin, bacteria, blood clots, and
fibrin deposits [17]. In peritonitis CPL is one thera-
peutical concept in postoperative treatment to contin-
uously remove those components from the peritoneal
cavity. However, our data revealed both, no significant
impact for CPL neither on the clinical outcome nor on
the course of inflammatory markers.

Since fibrin deposition, blood clots, and dead tissue
crucially contribute to abscess formation and genera-
tion of peritonitis in the postoperative course, sanita-
tion of the infected focus, intraoperative lavage, and
debridement are standard surgical procedures [15].
However, for longer-lasting courses of this medical
condition, further therapeutic approaches are neces-
sary. One modality is CPL besides others as open
package or repeated abdominal irrigation in the oper-
ating room within standardized intervals. Another ad-
vantage of this therapeutic modality is that changes in
both the appearance and the composition of the
drained fluid help to make early decisions for a re-la-
parotomy. Based on our own experience, CPL repre-
sents an uncomplicated and appropriate treatment
modality [8]. Our own further observation communi-
cated here, confirmed this with catheter occlusion as
the only major complication. However, a faster de-
crease of inflammatory markers could not be achieved
with this method.

As expected, young people with diffuse peritonitis
were capable of coping with this illness better than
older subjects with chronic medical problems who fre-
quently developed multiple organ dysfunction result-
ing in poor clinical outcome. Comorbidity therefore
seems to be a major confounding variable for any of
the surgical approaches mentioned.

In summary, this pilot study revealed that granulo-
cyte count and a broad spectrum of pro-inflammatory
markers (e.g. endotoxin, IL-6, CRP, MRP-8/14) are
suitable for the monitoring of peritonitis. However,
for the practical use in the clinical setting our findings
clearly favor the granulocyte count. It can be deter-
mined within minutes, its analysis is cheap and avail-
able in most hospitals.
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