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Circulating Mediators and Organ Function
in Patients Undergoing Planned Relaparotomy
vs Conventional Surgical Therapy
in Severe Secondary Peritonitis
Nikolaus Zügel, MD; Matthias Siebeck, MD; Bernd Geißler, MD; Michael Lichtwark-Aschoff, MD;
Cornelia Gippner-Steppert, PhD; Jens Witte, MD; Marianne Jochum, PhD

Hypothesis: Planned relaparotomy (PRL) has been suggested to have detrimental effects on the systemic activation of inflammation mediators, thereby enhancing
organ dysfunctions as assessed by clinical scores in secondary peritonitis.
Design: Prospective, nonrandomized control trial.
Setting: Intensive care units of an urban and a univer-

sity teaching hospital.
Patients: Twenty-nine patients with secondary peri-

tonitis.
Interventions: Of the 29 patients with comparable
initial peritonitis conditions, 11 underwent PRL and 18
obtained primary abdominal closure. Blood samples
were obtained preoperatively and at 2, 6, 8, 12, 18, 24,
30, 36, 42, and 48 hours after the primary operation,
then every 12th hour until day 5 and once daily until
day 8.
Main Outcome Measures: Quantification of circulating inflammation parameters (coagulation, acute-phase proteins, cytokine system, cell adhesion, opsonization) in correlation with Acute Physiology and Chronic Health
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Evaluation II, multiple organ failure, and Sepsis-Related
Organ Failure Assessment scores.
Results: Preoperatively, the patient groups did not dif-

fer in mean age, cause of peritonitis, or clinical scores.
On average, 5.1 (SEM, ± 0.7; range, 3-11) lavage treatments were performed in the PRL group, with 90% of
the procedures executed during the first 6 days. The
PRL treatment resulted in a significantly higher need of
blood components and an increased inflammation mediator response, especially concerning coagulation
factors, proinflammatory cytokines, adhesion molecules, and opsonic parameters. During PRL, clinical
score systems showed higher values and a delayed decline compared with primary abdominal closure treatment. Incidence of multiorgan failure, mortality, and
the mean intensive care unit hospitalization period
were clearly more pronounced in the PRL group.
Conclusion: In our pilot study, additional lavage treatment of secondary peritonitis resulted in an enhancement of systemic inflammatory mediator response (in particular interleukin 8), which may contribute to a further
impairment of organ function.
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MPROVED pathophysiological un-

derstanding in general and advances in surgical intensive care
medicine in particular have resulted during the past years in
more aggressive therapy of severe diffuse
peritonitis.1-6 The standard method of “on
demand” relaparotomy, closed postoperative lavage methods, and different lavage
variants of open and semiopen treatment
of the abdominal cavity are currently in
competition. Nevertheless, more than 80%
of all peritonitis cases can be successfully
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treated with the standard method.7,8 Indications for applicability and duration of
a chosen therapy have so far been made
solely based on clinical criteria and the
experience of the surgical department.
Controlled prospective studies on the different interventional procedures are not
available.
Additional operations potentially
expose even well-monitored patients to
the risk of postoperative hemodynamic
impairment with subsequent global or
regional hypoperfusion.9 Sauter et al10
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PATIENTS AND METHODS
SELECTION AND TREATMENT
OF PATIENTS
After informing the attending physicians about the protocol, 29 adult patients who exhibited signs of severe peritonitis (temperature, ⬎38°C; leukocyte level, ⬎10⫻103/µL or
⬍3⫻103/µL; and ⬎2-quadrant peritonitis) were prospectively included in the study, which was conducted between
December 1994 and February 1995 and November 1996 and
January 1997 (Departments of Surgery of the Central Hospital in Augsburg, Germany, and of the University of Munich,
Munich, Germany). During both periods all patients who fulfilled the criteria entered the study. All 29 patients had comparable initial conditions (early intervention, source control,
and intraoperative lavage). Of these 29 patients, 11 underwent
PRL and 18 obtained primary abdominal closure (PAC). Prewarmed (37°C) Ringer lactate solution (Fresenius, Erlangen,
Germany) was used for lavage (10-15 L each time).
The classic staged lavage in the PRL group with scheduled relaparotomy after primary intervention involved a
temporary wound closure using a zipper dressing made of
polyester tissue coated with polyethylene on both sides
(Ethizip; Ethicon, Norderstedt, Germany). The Ethizip was
changed after 2 to 3 days. The lavage frequency was normally once every 24 hours within the first postoperative
week. When the abdominal cavity was found to be clean
(clear exudate, granulation tissue, germ-free microbiologic smear), the abdominal wall was closed.
Primary intervention was scheduled in the PAC group
after the initial source was controlled, the abdominal cavity was cleaned (lavaged), and drainages were applied. The
design of the study was such that an additional operation
would have been considered if local complications or general signs of sepsis persisted or reoccurred. In the case of a
nonscheduled relaparotomy demanding staged lavage treatment within the first 7 postoperative days, the patient would
have been excluded from the study.
In general, all patients were treated according to the
hospitals’ guidelines for peritonitis care. Following primary
intervention with source control and subsequent lavage,
patients’ treatment was continued in the surgical intensive
care unit (ICU), including monitoring, mechanical ventilation (if required), and circulatory support. According

demonstrated recently that reoperation trauma induces
an early postoperative rise in interleukin (IL) 6 levels and
that systemic cytokine release and hemodynamic instability may be associated with reoperation trauma. Longterm observations of other mediator responses are lacking and are, therefore, investigated in the present study.
Although analysis of the rinsing liquid from the peritoneal cavity shows effective elimination of inflammation
mediators, endotoxin, and other particles,2,11 we hypothesize that additional manipulations involved in planned
relaparotomy (PRL) of the inflamed peritoneum may not
only cause local irritation but also promote further manifestations of a systemic inflammatory response by releasing various mediators into the circulation with the capability of organ function impairment.
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to our standard procedure, all patients had abdominal drains.
Sedation was achieved with fentanyl citrate and midazolam
hydrochloride; ranitidine hydrochloride was given to prevent
stress ulcer, and intravenous high-molecular-weight sodium
heparin (4 IU/kg of body weight per hour) was administered
routinely. Use of the heparin was started 6 hours postoperatively. Antibiotic therapy was started with a combination of
a second-generation cephalosporin and metronidazole. Selective intestinal decontamination was performed in all patients. Blood components, including fresh frozen plasma, individual coagulation factors, or mixtures (eg, PPSB [factor II,
prothrombin; factor VII, proconvertin; factor X, Stuart-Prower
factor; and factor IX, anti-hemophilia factor B]), were given
specifically in case of clotting disturbances. Platelets were supplied when hemorrhage occurred owing to thrombocytopenia. Packed red blood cells were reserved for anemia with cardiovascular instability and severe hypovolemia. Patients were
nourished parenterally with glucose and amino acid solutions
and fatty acids. A change to enteral diet was carried out after
the fifth day or after the onset of intestinal activity. The study
was approved by the institutional review boards of both hospitals. Informed consent was given by all patients.
PERIODS OF INVESTIGATION AND
SAMPLE PREPARATION
Clinical and routine laboratory parameters were monitored immediately before and after the operation (2 hours
after abdominal wall closure) and daily at 8 AM during an
8-day observation period. Arterial blood samples for estimation of inflammation parameters were obtained preoperatively and 2, 6, 8, 12, 18, 24, 30, 36, 42, and 48 hours
postoperatively and thereafter every 12th hour until day 5
and once daily until day 8. The blood samples were processed to citrated plasma or serum and centrifuged at 4000
rpm for 15 minutes at 10°C. The supernatants were deep
frozen in aliquots at −70°C until assayed.
ANALYSIS OF PERITONITIS SEVERITY,
MICROBIOLOGY, ORGAN FAILURE, AND
GENERAL LABORATORY PARAMETERS
Initial severity of peritonitis was judged according to the Mannheim Peritonitis Index.12 Reduction and/or persistence of
Continued on next page

RESULTS

ADMISSION DATA, OUTCOMES, AND
CLINICAL FOLLOW-UP OF ORGAN FAILURE
Demographic and clinical data of the patients and distribution with regard to cause, origin, and bacterial spectrum of the peritonitis in both treatment groups are given
in Table 1 and Table 2. Although some minor group
deviations existed, no statistically significant differences were obvious. Specimens obtained intraoperatively from the abdominal cavity exudate showed growth
of pathogens in 24 patients. Cultures positive for Escherichia coli and bacteroides were seen in 5 PRL patients
(46%) and 6 PAC subjects (33%). Candida albicans was
WWW.ARCHSURG.COM
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organ dysfunctions was determined using the Acute physiology and Chronic Health Evaluation II (APACHE II), multiple organ failure (MOF), and Sepsis-related Organ Failure Assessment (SOFA) scores.13-15
Results of the microbiologic analysis are given for the
first intervention only. Leukocyte and thrombocyte counts,
bilirubin level, creatinine level, PaO2/fraction of inspired
oxygen (FIO2) quotient, partial thromboplastin time (PTT),
and prothrombin time (PT) were determined by routine
methods.
SPECIAL BIOCHEMICAL
INFLAMMATION PARAMETERS
Coagulation Parameters
Prothrombin fragment 1 + 2 and thrombin-antithrombin
III (TAT) complex, as indicators of coagulation activation, were determined with a sandwich immunoassay
technique (Enzygnost F1 + 2 and TAT; Behringwerke,
Marburg, Germany) (plasma standard range: F1 + 2,
0.44-1.10 nmol/L; TAT complex, 1.0-4.1 ng/mL). Latent
thrombin activity (prothrombin) was measured in citrated plasma (standard range, 80%-125%) using a specific chromogenic substrate test (S-2238; Haemachrom
Diagnostica GmbH, Essen, Germany). The quantitative
determination of soluble thrombomodulin was achieved
with a sandwich enzyme-linked immunosorbent assay
(ELISA; Diagnostica Stago, Paris, France) (plasma standard range, 16.8-42.6 ng/mL).
Acute-Phase Reactants
C-reactive protein (plasma standard range, ⬍0.5 mg/dL)
was determined with radial immunodiffusion using LC partigen plates (Behringwerke). The infection-associated procalcitonin (plasma standard range, ⬍0.5 µg/L) was quantified with an immunoluminometric assay (Brahms
Diagnostica GmbH, Berlin, Germany).
Parameters of the Cytokine System
The IL-1 receptor antagonist levels (serum standard range,
157-3170 pg/mL) were determined quantitatively using a

isolated only in the PAC group. The portion of malignant tumors was lower and part of the colon and rectum
perforation was higher in the PRL patients.
On average, 5.1±0.7 staged lavages (range, 3-11) were
performed in the PRL group, with 90% of them being executed within the first 6 days after the primary operation.
In the PAC group, no additional operation was necessary.
Concerning judgment of severity of peritonitis and
organ failure, the mean values of study admission data
of the Mannheim Peritonitis Index and APACHE II score
were equal in both groups, whereas the MOF and SOFA
scores showed higher (yet not statistically different) values for patients who underwent PRL (Table 3).
The in-hospital mortality was 21% for the entire cohort (6/29), 27% in the PRL group (3/11), and 17% in
the PAC group (3/18). The cause of death in all cases was
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sandwich ELISA (Amersham, Braunschweig, Germany). The
IL-6 (serum standard range, 0-6 pg/mL) and IL-8 (serum
standard range, 0-30 pg/mL) levels were also quantified with
sandwich ELISAs (R & D Systems, Abingdon, Oxon,
England).
Parameters of Opsonization
The opsonin’s IgG (plasma standard range, 800-1800 mg/
dL) and C3 complement (plasma standard range, 56-120 mg/
dL) levels were determined with radial immunodiffusion using LC partigen plates (Behringwerke). The opsonization
capacity (mainly comprising IgG and C3) was detected by a
chemiluminescence measurement (modified according to
Billing et al16) in highly diluted normal donor blood after
activation of the phagocytes with zymosan that was preopsonized with patient serum. The activity was expressed as a
percentage of a standard serum.
Soluble Adhesion Molecules
Concentrations of the following parameters in serum
were quantified with specific sandwich ELISAs (Bender
MedSystems, Vienna, Austria): L-selectin (standard
range, 487-1096.3 ng/mL), P-selectin (standard range,
111-266 ng/mL), and intercellular adhesion molecule 1
(standard range, 180-280 ng/mL).
Parameters of Organ Function
For the quantitative determination of procollagen III peptide (P-III-P; plasma standard range, 0.3-0.8 E/mL) a radioimmunoassay was applied using the principle of a 2-stage
sandwich test (CIS Diagnostik GmbH, Dreieich, Germany).
Neopterin concentration (serum standard range, 1-10
nmol/L) was determined with a radioimmunoassay (Henning, Berlin, Germany).
STATISTICAL ANALYSES
Data are given as mean±SEM (Wilcoxon U test). The Pearson 2 test was used as appropriate. Significance was accepted at Pⱕ.05. All statistical calculations were performed using a statistical computer program (SPSS version
10.0; SPSS Inc, Chicago, Ill).

intractable MOF owing to the underlying abdominal sepsis. A significant difference was found with respect to the
time of death: patients in the lavage group died significantly later than patients with PAC (PRL group, 17.7±0.7
days; PAC group, 5.7±3.7 days; P =.02).
The mean period of ICU hospitalization for the PRL
group was significantly longer (33.3±7.2 days) than for the
PAC group (4.9±0.8 days; P⬍.001). Disregarding nonsurvivors (3 in each group), the deviation was significant (PRL
group, 27.5±7.3 days; PAC group, 4.1±0.6 days; P=.001).
Although the course of the PaO2/FIO2 quotient as an
indicator of lung function was only slightly lower in the
PRL group during the entire study period (Figure 1),
the mean number of days with mechanical ventilation
showed significant group differences (PRL group,
14.5±2.0 days; PAC group, 3.3±0.7 days; P⬍.001). A sigWWW.ARCHSURG.COM
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Table 1. Preoperative Characteristics, Number of Lavages,
and In-Hospital Mortality of Patients With Peritonitis
Stratified Into Planned Relaparotomy (PRL) Treatment
or Primary Abdominal Closure (PAC) Groups

Parameter

PRL
(n = 11)

PAC
(n = 18)

P
Value

Age, mean (SEM), y
Sex, F/M
Malignant tumor, yes/no
No. of lavages, mean (SEM)
Death, yes/no

56.9 (3.8)
5/6
2/9
5.1 (0.7)
3/8

63.7 (3.9)
12/6
9/9
1
3/15

.1*
.5†
.2†
⬍.001*
.8†

*Wilcoxon U test.
†Pearson 2 test.

Table 3. Intraoperative Value of Mannheim Peritonitis Index
(MPI) and Preoperative Values of Acute Physiology and
Chronic Health Evaluation II (APACHE II), Multiple Organ
Failure (MOF), and Sepsis-related Organ Failure Assessment
(SOFA) Scores of Patients With Peritonitis Stratified
Into Planned Relaparotomy (PRL) Treatment
or Primary Abdominal Closure (PAC) Groups*

Score
MPI
APACHE II
MOF
SOFA

PRL
(n = 11)

PAC
(n = 18)

P†
Value

30.5 (1.8) [21-38]
14.0 (1.1) [8-20]
5.2 (0.9) [1-10]
5.2 (0.9) [3-12]

27.5 (1.5) [16-37]
15.0 (1.7) [5-25]
4.0 (0.9) [1-8]
3.1 (0.6) [1-7]

.12
.83
.08
.07

*Data are presented as mean (SEM) [range].
†Wilcoxon U test.

Table 2. Cause, Origin, and Primary Bacterial Spectrum
in Patients With Peritonitis Stratified Into
Planned Relaparotomy (PRL) Treatment or
Primary Abdominal Closure (PAC) Groups*

Planned Relaparotomy (n = 11)
Primary Abdominal Closure (n = 18)

Cause
Inflammation
Ischemia
Anastomosis leakage
Traumatic or iatrogenic
Tumor perforation
Origin
Colon and rectum
Jejunum or ileum
Stomach or duodenum
Other
Bacterial spectrum
Aerobic
Aerobic and anaerobic
Candida albicans
None
Escherichia coli
Without bacteroides
With bacteroides

Total
(N = 29)

PRL
(n = 11)

PAC
(n = 18)

10 (35)
5 (17)
9 (31)
2 (7)
3 (10)

4 (36)
2 (18)
4 (36)
0
1 (9)

6 (33)
3 (17)
5 (28)
2 (11)
2 (11)

15 (52)
6 (21)
6 (21)
2 (7)

8 (73)
2 (18)
1 (9)
0

7 (39)
4 (22)
5 (28)
2 (11)

8 (28)
14 (48)
2 (7)
5 (17)

4 (36)
6 (55)
0
1 (9)

4 (22)
8 (44)
2 (11)
4 (22)

18 (62)
11 (38)

6 (55)
5 (46)

12 (67)
6 (33)

*Data are presented as number of affected patients and distribution
(percentage) within the groups.

nificant difference was also obvious only for surviving
patients of both groups (PRL group, 14.6±2.8 days; PAC
group, 2.9±0.5 days; P⬍.001).
As depicted in Figure 2, the course of the APACHE
II score was similar in the 2 treatment groups, whereas
the MOF and SOFA scores exhibited significantly higher
values in the PRL group. Thus, the mean values of the
MOF score amounted to 5.2 ± 0.6 in the PRL group and
2.6±0.3 in the PAC group throughout the 8-day observation period (P=.001). The respective values of the SOFA
score were 8.3± 0.8 and 4.7 ± 0.6 (P = .003).
Patients undergoing planned additional operations
needed more blood product transfusion (erythrocyte concentrates, 13.3±5.2 for the PRL group vs 3.9±0.6 for the
PAC group, P = .02; fresh frozen plasma (U = 250 mL),
26.6±10.1 U for the PRL group vs 8.5±2.1 U for the PAC
group, P = .03). Moreover, thrombocyte concentrates
(U=200 mL) were required only in patients undergoing
additional lavages (8.7 ± 7.2 U for the PRL group).
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Figure 1. Mean PaO2/fraction of inspired oxygen (FIO2) quotients in patients
with peritonitis. Error bars indicate SEM; dashed line, end of planned
relaparotomy period.

COAGULATION PARAMETERS
The routine laboratory coagulation parameters PTT and
PT were pathologically elevated (mean, 42.2 seconds)
and reduced (mean, 71.5%), respectively, to the same
extent in both patient collectives throughout the entire
study period (data not shown). In contrast, the thrombocyte count in whole blood was slightly lower in the
lavage group at the beginning of the study. During the
following observation period, particularly within 3 days
after completion of the primary lavage, the mean
thrombocyte cell count in the PRL group showed significantly diminished values compared with the PAC
group (Figure 3).
During the first 6 days of observation, the latent
thrombin activity of prothrombin in the plasma of the
PRL group exhibited on average negligibly lower values
(data not shown), whereas the prothrombin fragment 1+2
was significantly elevated compared with the PAC subjects (Figure 3), thus indicating the persistently higher
activation of coagulation (4.4±0.7 nmol/L for the PRL
group and 2.8±0.4 nmol/L for the PAC group; P=.04).
This was further confirmed by the nearly identical pathological plasma concentration pattern of the TAT complex. Although the elevation was more pronounced in
the PRL group during the lavage period, no statistically
WWW.ARCHSURG.COM

©2002 American Medical Association. All rights reserved.
Downloaded From: http://archsurg.jamanetwork.com/ on 05/29/2016

Planned Relaparotomy (n = 11)

Primary Abdominal Closure (n = 18)

A

Planned Relaparotomy (n = 11)

A

Thrombocytes, × 105/µL

APACHE II Score

14

12

10

8

∗

2.5

2.0

1.5

1.0

B

B

∗

∗

∗

∗
∗

6

∗

∗

∗

∗

Prothrombin Fragment 1 + 2, nmol/L

7

5

MOF Score

∗

∗

3.0

16

4
3
2
1
0

C

∗

7 ∗

∗
∗

∗

6

∗

5

∗

4
3
2
1

C

∗
12

160

∗
Thrombomodulin, ng/mL

∗

∗

10

SOFA Score

Primary Abdominal Closure (n = 18)

∗

8
6
4

140
120
100
80
60
40
20

2
0

1

2

3

4

5

6

7

8

0

1

2

3

4

5

6

7

8

Day

Day

Figure 2. Acute Physiology and Chronic Health Evaluation II (APACHE II)
(A), multiple organ failure (MOF) (B), and Sepsis-related Organ Failure
Assessment (SOFA) (C) scores in patients with peritonitis. Error bars
indicate SEM; asterisk, Wilcoxon U test, P⬍.05; and dashed line, end of
planned relaparotomy period.

Figure 3. Thrombocyte count (A), prothrombin fragment 1 + 2 (B), and
thrombomodulin (C) in the circulation in patients with peritonitis. Error bars
indicate SEM; asterisk, Wilcoxon U test, P⬍.05; and dashed line, end of
planned relaparotomy period.

significant difference between PRL and PAC subjects could
be evaluated (data not shown).
In contrast, the solubilized form of the endothelial
thrombin–binding protein thrombomodulin in plasma demonstrated significantly higher values in the PRL group (Figure 3) during the lavage period and in the continued course
of the observation period (days 1-6: 115.5±16.5 ng/mL
for the PRL group vs 86.6±17.3 ng/mL for the PAC group;
P=.05).

intervention. No significant differences prevailed at any
time. A similar discrimination applied to the plasma level
of the C-reactive protein, although the decline in concentration proceeded somewhat more rapidly in the PAC group
and approximated the baseline range at an earlier stage
(Figure 4). Likewise, the preoperative procalcitonin plasma
values of the PRL group were moderately elevated above
those of the PAC patients during the lavage and
throughout the entire observation period (Figure 4).

LEUKOCYTES AND ACUTE-PHASE PROTEINS

PARAMETERS OF THE CYTOKINE SYSTEM

In both study groups, the leukocyte count showed a continual increase after an immediate decline following the

The serum pattern of the cytokines showed a comparable picture for IL-1 receptor antagonist (ra), IL-6, and
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Figure 4. Procalcitonin (A) and C-reactive protein (B) in the circulation in
patients with peritonitis. Error bars indicate SEM; asterisk, Wilcoxon U test,
P⬍.05; and dashed line, end of planned relaparotomy period.

IL-8, with initially high values reaching their maximum
at the early postoperative stage followed by a steep
decrease within the next 2 days. Although all cytokine
concentrations were clearly higher in the PRL group
(Figure 5), a significant difference was found only for
IL-8 in the early postoperative phase.
PARAMETERS OF OPSONIZATION
The IgG plasma values showed no group-related difference, whereas the C3 values of the PRL group stayed consistently below those of the PAC subjects. In conformity
with the latter, the mean values of the serum opsonization capacity (percentage of the standard serum) were
significantly lower in the PRL group during the first days
of additional lavages (Figure 6).
PARAMETERS OF
CELL ADHESION
Soluble L-selectin and P-selectin in serum as measures
of the activation of granulocytes, thrombocytes, and endothelial cells were on average higher in the PAC group
than in the PRL group, whereas the mean intercellular
adhesion molecule 1 values indicative of an overall cell
activation showed an inverse pattern (Figure 7). However, no significant group differences were apparent for
any of the soluble adhesion molecules.
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Figure 5. Parameters of the cytokine system (interleukin [IL] 6 [A], IL-8 [B],
IL-1 receptor antagonist [C]) in the circulation in patients with peritonitis.
Error bars indicate SEM; asterisk, Wilcoxon U test, P⬍.05; and dashed line,
end of planned relaparotomy period.

PARAMETERS OF VARIOUS ORGAN FUNCTIONS
As an indication of the impaired eliminatory function of
the liver, values of circulating P-III-P were significantly
higher during the lavage phase and continued to rise after the end of the lavage period in the PRL group
(Figure 8). Similarly, serum bilirubin levels remained
significantly higher in the PRL group especially from day
3 to day 5 of the observation period (Figure 8).
A more pronounced impairment of kidney function in PRL patients was exhibited by significantly higher
neopterin serum values during the lavage period compared with the PAC group (103.1±29.5 nmol/L in the
PRL group vs 39.4 ± 9.0 nmol/L in the PAC group;
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Figure 6. C3 complement (A) and opsonization capacity (B) in the circulation
in patients with peritonitis. Error bars indicate SEM; asterisk, Wilcoxon
U test, P⬍.05; and dashed line, end of planned relaparotomy period.
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The indication for PRL in secondary peritonitis is not yet
settled with certainty.5,17,18 Generally, the positive results
ofthestudiesbyPenninckxetal1 andTeichmannetal2 stimulated European physicians to perform PRLs in patients with
diffuse peritonitis.19 Nevertheless, operations are major interventions in the integrity of an organism and result in disturbance of the whole body homeostasis.20-22 Alterations of
virtually every hormonal feedback mechanism have been
described as a consequence of operative trauma associated
with the release of catecholamines, glucocorticoids, growth
hormones, and glucagon and the suppression of insulin secretion.11,23,24 Several studies have shown that the extent of
postoperative changes depends on the nature and scope of
the operation. This applies as much to cortisone, noradrenaline, and angiotensin-converting enzymes as it does to glucagon and growth hormones.23,25 Consequently, alterations
in hormonal feedback mechanism initiate modulations of
metabolic capacity,23 with hyperglycemia being the most
pertinent.26
However, besides the detrimental effects, scheduled
additional operations allow early identification of complications1,27 and reduction of bacterial counts, toxins, and
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Figure 7. Soluble adhesion molecules (L-selectin [A], P-selectin [B], and
ICAM-1 [intercellular adhesion molecule 1] [C]) in the circulation in patients
with peritonitis. Error bars indicate SEM; asterisk, Wilcoxon U test, P⬍.05;
dashed line, end of planned relaparotomy period.

other sepsis mediators.2,11 Yet, to our knowledge, no prospective study thus far has demonstrated a clear improvement in the postoperative phase, except a minor reduction in mortality as a result of PRL.3,4,6,28 Hau et al7 warned
of a higher incidence of anastomosis leakage with recurrent intra-abdominal infections and septicemia occurring
during additional operations. Therefore, PRL should be reserved for a narrow spectrum of indications, such as intraabdominal hypertension or missing source control.29
HEMOSTASIS
Operation-induced coagulation disturbances as assessed by
the routine laboratory parameters, such as PTT, PT, and
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Figure 8. Organ function parameters in the circulation in patients with peritonitis (bilirubin [A], procollagen III peptide [B], creatinine [C], and neopterin [D]).
Error bars indicate SEM; asterisk, Wilcoxon U test, P⬍.05; and dashed line, end of planned relaparotomy period. To convert bilirubin values to micromoles per
liter, multiply by 17.1. To convert creatinine values to micromoles per liter, multiply by 88.4.

thrombocyte count, have been described in several publications.30-33 Loss of coagulation factors may be due to proteolytic destruction,34 hemorrhage, and dilution effects.35
In our study, a significantly higher use of fresh frozen plasma
during the PRL period may have caused PTT and PT to remain on the same pathological level as in the PAC group
despite a more pronounced consumption of coagulation
factors in PRL patients. Moreover, the amount of blood loss
manifesting itself by red blood cell requirements was significantly higher in the PRL group, indicating further an
unfavorable impact of PRL on the coagulation system. The
greater bleeding tendency in the PRL group was also reflected by the thrombocyte count. Although only patients
in the PRL group received thrombocyte concentrates, the
thrombocyte cell count was still significantly lower than
in the primary abdominal closure collective. The more pronounced activation of prothrombin and the inhibition of
active thrombin by antithrombin as a strong indication of
coagulation activation36-38 were demonstrated by the increase of the prothrombin fragment 1+2 and the TAT complex during the PRL period.
ACUTE-PHASE PROTEINS, CYTOKINES,
AND ADHESION MOLECULES

mation, which were shown to correlate with the severity
of the disease and/or prognosis of sepsis patients.39-52 For
most of the factors, our study confirmed clearly pathological plasma and serum values not only before but in particular after the primary operation. A further rise in the
early postoperative phase and/or at least a delayed decline was apparent for the common acute-phase reactant
C-reactive protein, the infection-related procalcitonin, and
proinflammatory parameters of the cytokine system (IL-6,
IL-8), especially in patients undergoing PRL treatment. Surprisingly, plasma concentrations of soluble L-selectin and
P-selectin as indicators of granulocyte, thrombocyte, and
endothelial cell activation were conspicuously lower in the
PRL patients during the PRL phase compared with the PAC
group. Since we had expected that these adhesion molecules would increase during PRL, an explanation for the
opposite findings may be that in cases of severe organ failure, part of the soluble adhesion molecules is bound by
activated endothelial and other inflammatory cells, thus
being removed from the circulation. This assumption has
been verified at least for soluble L-selectin in severely ill
patients with acute respiratory distress syndrome studied
by Donnelly et al.53
PARAMETERS OF OPSONIZATION

Secondary peritonitis usually triggers a generalized systemic inflammatory response. This is suggested by the release of a multitude of indicators and mediators of inflam(REPRINTED) ARCH SURG/ VOL 137, MAY 2002
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nitis patients also led to a systemic drop in C3 level and
a reduction in opsonization capacity, whereas the IgG concentration in the plasma remained unchanged. In agreement with these findings, pathological alterations of parameters of opsonization were continuously more
pronounced in the PRL group.
ORGAN FUNCTION PARAMETERS
A direct effect of the combination of peritonitis and operation trauma as induced by PRL could be demonstrated on various organ systems. Thus, renal function
impairment, as represented by the decreased elimination of serum creatinine and neopterin,56-58 became
especially obvious for the macrophage metabolite neopterin during the PRL period. In addition, the increase of
P-III-P and bilirubin as markers of reduced hepatic
elimination59 was even more noticeable, because both
parameters remained significantly higher throughout
PRL treatment.
Although the reduced intra-abdominal pressure in
the PRL group is expected to improve oxygenation,60 the
PaO2/FIO2 quotient of our patients was persistently worse
during lavage treatment than after PAC. This finding
is in line with a former study on critically ill patients,
whose increase in the alveolar-arterial oxygen gradient
became reversible in surviving subjects, whereas the
pulmonary impairment persisted in patients with lethal
outcome.61,62 The worsening of pulmonary function in
our PRL patients may have several causes. Most probably, additional intervention-related inflammation responses and mediator releases may have induced interstitial edema formation, resulting in deterioration of
oxygenation,24 which is reflected in the protracted duration of respiratory supports and hence in the longer ICU
hospitalization of PRL patients.
The pathophysiological changes during and after surgical interventions are known to affect not only organ
systems, such as liver, kidney, and lungs, but also the cardiocirculatory system. The complex interrelations among
cardiac output, vascular resistance, oxygen transport, and
oxygen consumption have been intensively investigated
in several studies.24,61,63,64 Although not shown in detail
herein, cardiocirculatory changes in our patient collectives are included in the sequential measurements of the
APACHE II, MOF, and SOFA scores13-15 and may have
contributed additionally to the significantly elevated levels of the MOF and SOFA scores in PRL patients compared with PAC subjects. Thus, the higher severity of organ dysfunctions resulted eventually in a higher mortality
in the PRL group.
In conclusion, in our pilot study on PRL effects on
secondary peritonitis, PRL increased the need for erythrocytes, thrombocytes, and fresh frozen plasma. The IL-8
levels increased significantly, and all other cytokines
showed a tendency to increase, suggesting an enhancement of the inflammatory mediator response with a longer
duration of mechanical ventilation and ICU stay compared with PAC patients. Therefore, PRL may act as an
additional inflammatory stimulus (“second hit”)65,66 in
an already weakened organism prone to MOF. Thus, above
all the progression of acute respiratory distress syn(REPRINTED) ARCH SURG/ VOL 137, MAY 2002
598

drome may be a consequence of PRL. Our extended biochemical and clinical data support recent suggestions
that indications for PRL should be restricted to unsecured or lacking focal source control and signs of intraabdominal hypertension.7,29
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30. Jorgenson KA, Stoffersen E, Sorensen PJ, Ingeberg S, Hüttel M, Ahlbom G. Alterations in plasma antithrombin III following total hip replacement and elective
cholecystectomy. Scand J Haematol. 1980;24:101-104.
31. Bueller HR, ten Cate JW. Acquired antithrombin III deficiency: laboratory diagnosis, incidence, clinical implications, and treatment with antithrombin III concentrate. Am J Med. 1989;87:44-48.
32. Murphy WG, Davies MJ, Eduardo A. The haemostatic response to surgery and
trauma. Br J Anaesth. 1993;70:205-213.
33. Desborough JP. The stress response to trauma and surgery. Br J Anaesth. 2000;
85:109-117.
34. Jochum M, Gippner-Steppert C, Machleidt W, Fritz H. The role of phagocyte proteinases and proteinase inhibitors in multiple organ failure. Am J Respir Crit Care
Med. 1994;150:123-130.
35. Blauhut B, Lundsgaard-Hansen P. Hemostatic disorders in anesthesiology and
surgical intensive care. Anaesthesiol Reanim. 1990;15:67-80.
36. Asakura H, Shiratori Y, Jokaji H, et al. Changes in plasma levels of prothrombin
fragment F 1+2 in cases of disseminated intravascular coagulation. Acta Haematol. 1993;89:22-25.
37. Okamoto K, Takaki A, Takeda S, Katoh H, Onsato K. Coagulopathy in disseminated intravascular coagulation due to abdominal sepsis: determination of prothrombin fragment 1+2 and other markers. Haemostasis. 1992;22:17-24.
38. Okajiama K, Uchiba M, Murakami K, Okabe H, Takatsuki K. Determination of plasma
soluble fibrin using a new ELISA method in patients with disseminated intravascular coagulation. Am J Hematol. 1996;51:186-191.
39. Damas P, Ledoux D, Nys M, et al. Cytokine serum level during severe sepsis in
human IL-6 as a marker of severity. Ann Surg. 1992;215:356-362.
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44. Fröhlich D, Eiber RM, Jochum M, Billing A. Perioperative pattern of peritoneal
interleukin-8, tumor necrosis factor-␣, and granulocyte elastase release in human secondary peritonitis. Cytokine. 1997;9:288-292.

(REPRINTED) ARCH SURG/ VOL 137, MAY 2002
599

45. Hamano K, Gohra H, Noda H, et al. Increased serum interleukin-8 correlation with
poor prognosis in patients with postoperative multiple organ failure. World J Surg.
1998;22:1077-1081.
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