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AMAÇ
Orta ve ciddi sekonder peritonitte planlı abdominal onarı-
mın sonlandırılma kararında C reaktif protein (CRP), inter-
lökin (IL) 6, leptin, kortizol ve kaspaz 3 değerlerinin etki-
si araştırıldı.

GEREÇ VE YÖNTEM
Orta ve ciddi sekonder peritonitli 15 hasta alındı. Serum 
CRP, IL-6, leptin ve kortizol düzeyleri ile periton sıvıların-
da kaspaz 3 ölçüldü. 

BULGULAR
Mortalite gelişenlerde yaş ve 48. saat APACHE II skoru, ge-
lişmeyenlere göre anlamlı olarak yüksek olarak bulundu. 
Tüm gruplarda 0. saat ve 72. saat kaspaz düzeyleri arasında 
anlamlı fark bulundu. Dörtten az ve fazla yıkama yapılanlar 
kaspaz açısından karşılaştırıldığında; az yıkama yapılanlar-
da kaspaz değerlerinde azalma olduğu izlendi. Dört ve daha 
az yıkama yapılanlarda 0. saat kaspaz ile 72. saat kaspaz 
değerleri arasında anlamlı farklılık bulundu. Mortalite olan 
grubun kaspaz 3 değerleri arasında farklılık saptanmazken, 
mortalite olmayan grupta kaspaz 3 48. ve 72. saat değerle-
rinde anlamlı bir düşüş izlendi. CRP, IL-6, leptin ve kortizol 
seviyelerindeki değişiklikler anlamlı bulunmadı.

SONUÇ
CRP, IL-6, leptin, kortizol seviyesinin karın kapatılması ka-
rarında etkisinin olmadığı görülmüştür. Kaspaz 3 seviyele-
rindeki düşüş yıkama sayısını belirlemede yararlı olabilir. 
Karın kapamada yıkama sayısını belirlemede vekil paramet-
re olarak kaspaz 3 seçilecekse, daha uzun sürelerdeki kaspaz 
aktivitesini değerlendiren çalışmalara ihtiyaç vardır.
Anahtar Sözcükler: Kaspaz 3; peritonit; planlı repalarotomi; in-
terlökin 6; kortizol.

BACKGROUND
We aimed to investigate the impact of C-reactive protein 
(CRP), interleukin (IL)-6, leptin, cortisol, and caspase-3 on 
the decision of terminating planned abdominal repair in sec-
ondary peritonitis.

METHODS
Fifteen patients with peritonitis were enrolled into the 
study. Serum CRP, IL-6, leptin, cortisol, and peritoneal 
caspase-3 activities were measured.

RESULTS
APACHE II scores at 48 hours (h) and age were signifi-
cantly higher in non-survivors. A significant decrease was 
observed in caspase-3 activities of patients in whom ≤4 
laparotomies were performed when compared with those 
who underwent >4 laparotomies. For patients who under-
went ≤4 laparotomies, there was a significant difference 
in caspase-3 levels between 0 and 72 h. There was no sig-
nificant difference in caspase-3 levels in non-survivors; 
caspase-3 levels were significantly lower in the survivors 
at 48 and 72 h. Changes in CRP, IL-6, leptin, and cortisol 
levels were not statistically significant.

CONCLUSION
CRP, IL-6, leptin, cortisol, and caspase-3 are not valuable 
in discriminating the number of planned operations, even 
though there is a significant decrease in caspase-3 “within” 
survivors. The discriminative value of caspase-3 for clo-
sure should be evaluated in studies in which caspase-3 is 
monitored for a longer duration in a large number of pa-
tients.
Key Words: Caspase-3; peritonitis; planned relaparotomy; 
interleukin-6; cortisol.
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Among peritonitis, secondary peritonitis is the 
most frequently encountered intraabdominal infec-
tion, with high mortality and morbidity. Surgical 
source control and peritoneal toilets help peritoneal 
and systemic host defense mechanisms, which are 
the important steps in the treatment of this disease.
[1-3| Today, on-demand laparotomy is accepted as the 
standard therapy of peritonitis, but various types of 
open abdominal procedures are also advocated in se-
lected cases.[4-7] Recently, Lamme et al.[8] showed in 
a prospective randomized study that on-demand lapa-
rotomy is superior to planned relaparotomy in terms of 
hospital stay and morbidity. They found no mortality 
rate difference between planned relaparotomy and the 
on-demand group, but the morbidity rate was high and 
hospital stay was longer in the former. Rakic et al.[9] 
reached a similar conclusion in another prospective 
clinical study. Recently, an Amsterdam group showed 
the superiority of on-demand laparotomy to planned 
operations in terms of cost.[10] Costs were substantially 
lower in the on-demand group.

The findings of these recent studies led us to use 
open abdominal approaches with more caution in the 
treatment of peritonitis. 

The increased morbidity and hospital stay may be 
due to the number of relaparotomies rather than the 
procedure itself. Since surgical trauma produces an 
immune depression and causes a depressed wound-
healing process, a well-balanced surgical therapy 
should be achieved.[11-13] Thus, it is crucial to terminate 
the procedure by definitive closure with an optimum 
number of relaparotomies. Yet, there is no valid or 
measurable surrogate parameter in the estimation of 
the optimum number of planned operations. 

Generalization of the results to the community at 
large is one of the main problems of a randomized 
controlled study, and the problem is more evident in 
the case of peritonitis. Today and in the near future, 
various types of open abdominal approaches will 
probably be used by some surgeons in selected cases.

Some interesting interactions between caspases 
and peritoneal host defenses were observed in animal 
models of sepsis. It was shown before that there was a 
marked increase in apoptosis in endotoxin-stimulated 
phagocytes, which was associated with a significant 
increase in caspase-3, -8 and -9 activities.[14] Apopto-
sis occurred 24 hours (h) after the onset of peritonitis 
in an animal model of sepsis.[15] Thus, it is logical to 
explore the activity of caspase-3 in the initial phase in 
the clinical setting. There is also a clear-cut correlation 
between caspase-3 levels and peritoneal mesothelial 
cell apoptosis.[16] With the above- mentioned literature 
data, monitoring of peritoneal fluid caspase levels in 
the treatment of peritonitis may add valid data to our 
clinical knowledge.

Therefore, the aim of this prospective study was to 
evaluate the effects of initial three-day monitoring of 
plasma C-reactive protein (CRP), interleukin (IL)-6, 
cortisol, leptin, and peritoneal fluid caspase-3 levels 
on the management of planned relaparotomies and the 
factors affecting severity and mortality.

MATERIALS AND METHODS
This prospective study was conducted in the De-

partment of General Surgery, Kirikkale University 
School of Medicine. This study was approved by the 
Ethical Committee of Kirikkale University.

Patients having secondary peritonitis and Acute 
Physiology and Chronic Health Evaluation (APACHE) 
II scores of ≥10 were included. Because APACHE II 
score works well in determining the severity in peri-
tonitis, initial and second day scores were recorded in 
the present study.[17,18]

Inclusion criteria:
1.	Patients older than 16 years
2.	Patients having secondary peritonitis with 

APACHE II score of ≥10
Exclusion criteria: 
1.	Patients who prefer “on-demand laparotomy” 
2.	Patients who will probably die within 24 h and 

are unresponsive to shock therapy
3.	Patients with primary peritonitis
4.	Patients having massive mesenteric vascular oc-

clusions
5.	Patients having pancreatitis (Due to the facts 

that pancreatitis has quite distinct physiopathological 
aspects from secondary peritonitis, and the types of 
the planned operations are different from those per-
formed for secondary peritonitis)

Parameters:
1.	Demographic variables
2.	Complete blood count, blood chemistry, APACHE 

II, blood CRP, IL-6, cortisol, and leptin levels 
3.	Peritoneal fluid caspase-3 levels
Under standard anesthesia, median laparotomy 

was done. Source control was achieved with ostomies 
when possible. The peritoneal space was washed with 
2-3 liters of warm saline. Standard anastomotic tech-
niques with conventional double-layer suture meth-
ods were applied. Stapling devices were used where 
appropriate. If possible, the omentum was preserved 
during operations, because omentectomy depresses 
not only peritoneal defense mechanisms such as che-
motactic activity of leukocytes and neutrophil phago-
cytosis, but also the number of free peritoneal fluid 
macrophages and leukocytes.[13] It also protects the 
bowels from foreign body so-called “Bogota bag” dur-
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ing planned relaparotomies. The Bogota bag was used 
for temporary closure of the abdominal cavity after the 
index operation. The interval between operations was 
one day. The procedures were terminated according 
to surgeon’s decision, and definitive closure was per-
formed using heavy propylene sutures. We did not in-
tend to definitively close the fascial planes if the length 
of the overall procedure exceeded 10 days. Some sort 
of late abdominal closure techniques were applied in 
those patients.

During the first four laparotomies, blood samples 
(including index operation) for routine biochemistry, 
CRP, IL-6, leptin, and cortisol and peritoneal fluid 
samples for caspase-3 activities were obtained. Peri-
toneal fluid samples were obtained after the onset of 
laparotomy, or relaparotomy from 4 quadrants and in-
terloop spaces. A homogenization was performed be-
fore the sample was transferred to the laboratory. 

Latex immunoturbidimetric assay for CRP (Olym-
pus AU600, Olympus Optical Co. Ltd., Japan) was 
done. IL-6 assays were performed using Biosource Im-
munoassay kit human IL-6 (Biosource International, 
Inc., USA). For leptin, Biosource Leptin Easia kit was 

used (Biosource Europe, S. A. Nivelles, Belgium). Cor-
tisol levels were assessed by electrochemiluminescence 
immunoassay (Roche e170 Modular Analytics, Hitachi, 
Japan). Caspase was assessed using Human Caspase-3 
Instant ELISA (Bender Med Systems, Vienna, Austria).

Microbiological studies: Standard microbiologi-
cal cultures were obtained and standard microbiologic 
surveillance was carried out.

Antibiotic treatment: Empirical antibiotic treat-
ment was given initially and changed if needed ac-
cording to culture results. Carbapenems: Mostly me-
ropenem (3x1 g IV), or imipenem (4x500 mg IV) was 
used at least 10 days. APACHE II scores of the first 
and second days were recorded. 

Statistical Analysis
SPSS 17.0 was used for statistical analysis. Chi-

square test was used for descriptive statistics, inci-
dences and for univariate analysis of factors affect-
ing mortality. Student’s t-test was used for analysis of 
parametric data, whereas Mann-Whitney U test was 
used for analysis of nonparametric data. Min-max was 
used for central dispersion measures of nonparametric 
tests and ±SD for parametric tests. Spearman’s cor-
relation test was used for correlation between param-
eters. Friedman and Wilcoxon Signed Rank tests were 
applied for intraparametric changes. Values of p<0.05 
were accepted as statistically significant.

RESULTS
Nine of 15 patients included in the study were male. 

The median age of the patients was 58 (23-79) years. 
Four of the patients had anastomotic failure (Table 1). 

There was no growth in any cultures in 4 of 15 pa-
tients. Five patients had Escherichia coli, 3 had Pseu-
domonas aeruginosa, 3 had coagulase (-) Staphylo-
coccus, 2 had Acinetobacter spp, and 7 had Candida 

Table 1.	 Pathologies and the outcome of patients

Etiology of peritonitis	 Alive	 Exitus	 Total

Small bowel perforation	 2	 1	 3
Colonic perforation	 3	 0	 3
Perforated appendicitis	 1	 0	 1
Anastomotic failure	 2	 2	 4
Retroperitoneal necrotizing fasciitis	 1	 0	 1
Gastric perforation	 1	 0	 1
Suture failure and infection 
after myomectomy	 1	 0	 1
Intestinal obstruction	 0	 1	 1
Total	 11	 4	 15

Table 2.	 The demographic variables of patients

No	 Age	 Gender	 Mortality	 APACHE II (0 h)	 APACHE II (48 h)	 Hospital stay/day	 ICU day	 Number of operations

1	 55	 M	 No	 16	 11	 26	 16	 5
2	 23	 F	 No	 11	 7	 12	 1	 4
3	 79	 F	 Yes	 27	 28	 45	 45	 12
4	 39	 F	 No	 10	 9	 12	 4	 4
5	 45	 M	 No	 10	 7	 11	 4	 4
6	 75	 M	 No	 14	 11	 32	 6	 4
7	 78	 M	 Yes	 26	 22	 20	 20	 4
8	 72	 F	 No	 16	 15	 33	 5	 4
9	 70	 M	 No	 14	 11	 36	 7	 4
10	 72	 F	 Yes	 14	 16	 13	 13	 5
11	 44	 M	 No	 15	 12	 22	 22	 8
12	 49	 M	 No	 10	 10	 41	 15	 7
13	 52	 M	 No	 18	 7	 48	 22	 4
14	 65	 F	 No	 20	 13	 19	 7	 4
15	 58	 M	 Yes	 15	 16	 3	 3	 3
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spp growth in cultures. Antifungal therapy was not 
administered if the culture growth was regarded as 
colonization. 

Mechanical ventilation was needed in 7 patients. 
The demographic variables of patients are presented 
in Table 2.

Initial, 24, 48 and 72 h caspase-3 levels of survi-
vors and non-survivors did not differ (Table 3). Survi-
vors were younger and second day APACHE II scores 
were lower (Table 3). Total hospital stay was longer 
and intensive care unit (ICU) stay was shorter in sur-
vivors (Table 3). 

Caspase-3 levels in survivors: Initial, 24, 48. and 72 
h peritoneal caspase-3 levels were 47.84 (3.77-479.3), 
28.76 (6.68-272.89), 18 (4.73-77.19), 12.79 (5.67-
137.94), respectively. Peritoneal fluid caspase-3 lev-
els showed a steep decline within 48 and 72 h (z=2.76, 
p=0.006; z=2.67, p=0.008, respectively) (Fig. 1). Howev-
er, no statistically significant decrease was found among 
initial, 24, 48, and 72 h caspase levels in non-survivors. 

Table 3.	 The differences between survivors and non-survivors

Parameter	 Alive (n=11)	 Exitus (n=4)	 p

Age	 52 (23-75)	 75 (58-79) 	 0. 026
APACHE II (initial)	 14 (10-20)	 20 (14-27)	 0.13
APACHE II (48 h)	 11 (7-15)	 19 (16-28)	 0.001
Hospital stay (day)	 26 (11-48)	 16 (3-45) 	 0.06
ICU stay (day)	 7 (1-22)	 16 (3-45)	 0.075
Number of operations	 4 (4-8)	 4 (3-12) 	 0.66
Cortisol (initial) µg/dl	 849.8 (189.3-1897)	 987.3 (218.2-1342)	 0.79
Cortisol (24 h) µg/dl	 845.9 (188.8-1616)	 884 (725.6-1458)	 0.89
Cortisol (48 h) µg/dl	 735 (194.6-1582)	 855.5 (217-1400)	 0.74
Cortisol (72 h) µg/dl	 858.9 (196.5-1654)	 904.6 (196.5-945.7)	 0.64
CRP (initial) mg/L	 190.85 (23.48-199.88)	 187.78 (34.31- 200.04)	 0.79
CRP (24 h) mg/L	 187.26 (23.04-201.11)	 196.41 (191.53-198.97)	 0.19
CRP (48 h) mg/L	 181.86 (23.44-200.52)	 165.77 (34.85-185.82)	 0.36
CRP (72 h) mg/L	 182.74 (23.69-197.4)	 134.64 (23.93-169.94)	 0.10
IL-6 (initial) pg/ml	 179.1 (22.3-18500)	 303.2 (10.2-876.8)	 0.51
IL-6 (24 h) pg/ml	 145.3 (5.70-948.1)	 640.65 (48.7-18500)	 0.19
IL-6 (48 h) pg/ml	 164 (5.5-19000)	 470.75 (51.4-1003.4)	 0.51
IL-6 (72 h) pg/ml	 81.8 (11.9-22000)	 585.00 (54.3-645.7)	 0.39
Leptin (initial) ng/ml	 2.99 (1.27-40.59) 	 4.63 (1.27-5.5)	 0.39
Leptin (24 h) ng/ml	 2.8 (1.08-60.42)	 3.18 (1.84-4.54)	 0.89
Leptin (48 h) ng/ml	 3.76 (1.84-30)	 2.99 (1.65-145.09)	 0.64
Leptin (72 h) ng/ml	 4.92 (1.84-156.86)	 3.95 (2.8-10.55)	 0.35
Caspase-3 (initial)	 47.84 (3.77-479.3)	 28.24 (8.07-110.53)	 0.51
Caspase-3 (24 h)	 28.76 (6.68-272.89)	 28.15 (22.96-469.66)	 0.43
Caspase-3 (48 h)	 18 (4.73-77.19)	 31.22 (7.98-306.18)	 0.36
Caspase-3 (72 h)	 12.79 (5.67-137.94)	 14.15 (9.84-38.64)	 0.69
WBC (initial) mm3	 16300 (2800-28200)	 7150 (5100-19100)	 0.36
WBC (24 h) mm3	 10000 (3500-20600)	 9950 (4100-22600)	 0.89
WBC (48 h) mm3	 10200 (4300-17600)	 11650 (6000-22300)	 0.60
WBC (72 h) mm3	 10500 (4500-21600)	 5800 (2200-16300)	 0.27
Values are expressed as median (min-max). Normal values: CRP: 0-5 mg/L, IL-6: 720-1200 pg/ml, leptin: 2.4±1.1 (females), 6.6±3 (males) ng/ml, 
cortisol: 19 µg/dl. WBC: White blood cell counts /mm3.
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Fig. 1.	 Peritoneal caspase-3 levels within a 72-hour period in 
surviving patients. 

	 Caspase-3 levels in survivors: Initial, 24, 48, and 72 h peritone-
al caspase-3 levels were 47.8 (3.8-479), 28.8 (6.7-273), 18 (4.7-
77.2), and 12.8 (5.7-138), respectively. Peritoneal fluid caspa-
se-3 levels showed a steep decline within 48 and 72 h (z=2.76, 
p=0.006; z=2.67, p=0.008, respectively). However, no statisti-
cally significant decrease was found among initial, 24, 48 and 72 
h caspase levels in non-survivors.
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In patients who had undergone ≤4 laparotomies, 
the initial and 72 h peritoneal caspase-3 levels were 
33.2 (7.1-479) and 14.2 (8.85-35.2), respectively 
(z=2.84, p=0.004).

DISCUSSION
Despite recent advances in the diagnosis and man-

agement options, mortality and morbidity in perito-
nitis remain high. Surgical source control is vital in 
the treatment of sepsis originating from the abdomen. 
Despite rising concerns about planned relaparotomies 
in the treatment of peritonitis,[8,9,19] its use in some se-
lected cases may improve survival.[1,4,5,7] The major 
concern for planned relaparotomy is related with its 
increased morbidity and hospital stay. It is important 
to avoid doing unnecessary laparotomies. 

Because every laparotomy intent causes a further 
deterioration of peritoneal defense mechanisms,[3,12,13] 
there should be a well-balanced surgical treatment. 
Although speculative, one can assume that the de-
crease in the number of relaparotomies may cause an 
increase in survival rates in some groups of patients 
who undergo a planned relaparotomy procedure. 

Definitive closure of the abdominal wall is usually 
determined by using a very subjective criterion, the 
so-called “clean appearance of the abdominal cavity”. 
Today, the optimal number of scheduled operations 
that should be done before a definitive closure is not 
yet sufficiently understood. 

The authors of this present study aimed to determine 
a valid, helpful and measurable surrogate parameter 
that can be used in the decision-making process of 
planned relaparotomy. 

A significant difference was found between second 
day APACHE II scores and mortality. Higher second 
day APACHE II scores were observed in non-survi-
vors. This finding is in accordance with the findings of 
a study done by Lamme et al.[8] In the present study, 
it was found that there was a correlation between the 
number of operations and hospital/ICU stay. This find-
ing is also in accordance with the finding of Lamme 
et al.[8]

C-reactive protein (CRP) is an acute phase reac-
tant, and its validity in estimating the prognosis in sep-
tic patients is not well known. There are conflicting 
results in the literature in this regard. For example, Sil-
vestre et al.[20] found in their study that CRP was not a 
good surrogate parameter for prognosis, and there was 
no good correlation between CRP levels and APACHE 
II scores. On the other hand, Prieto[21] found that CRP 
is an important surrogate parameter of prognosis. In 
the present study, CRP levels were observed for three 
days. In general, initial CRP levels were higher than 
normal, but no significant alterations were observed in 

the consecutive days. We could not find any correla-
tion between CRP levels and probability of mortality. 

While endotoxic shock due to peritonitis causes 
a significant increase in leptin concentrations in ani-
mal models,[22] in the clinical setting, decreased leptin 
levels correlate with increased mortality in patients 
suffering from severe secondary peritonitis.[23] In the 
present study, leptin levels did not correlate well with 
APACHE II or the number of operations. High initial 
levels of leptin in non-survivors did not reach a sta-
tistically significant level. Keeping in mind the small 
number of events (deaths), we can assume that moni-
toring of leptin level is useless in the decision-making 
process in planned laparotomy for peritonitis.

In the present study, IL-6 levels were also mea-
sured, and no statistical difference was observed when 
patients were grouped as having high (>10) or low 
APACHE II score. We reached the same conclusion 
of other researchers, i.e. that IL-6 is not helpful in pre-
dicting mortality in peritonitis patients.[24-26] 

Controlling the septic source, peritoneal toilets 
and supportive measures such as fluid and antibiotic 
therapy certainly reverse the unfavorable peritoneal 
environment to a favorable one and restore a good 
recovery phase. A correlation between blood caspase 
levels and decrease in bacterial load in an animal mod-
el of peritonitis was shown before.[27] If a good septic 
source control is not achieved, an ongoing peritoneal 
programmed cell death occurs. Hotchkiss[28] showed 
that septic patients with multiple organ failure have an 
increased blood value of caspase-3. Most of the deaths 
in our study occurred as a consequence of multiple 
organ failure, but we did not observe any increase in 
intraperitoneal fluid levels of caspase-3 in non-survi-
vors. 

To the best of our knowledge, this is the first clini-
cal study to put forth the evaluation of peritoneal cas-
pase-3 in the decision-making process of repeated 
laparotomies in the treatment of secondary peritonitis.

Could intraperitoneal caspase-3 measurements 
within the initial 72-h period provide some helpful 
information? The definitive answer is not yet known. 
What was found at the end of the study was a decrease 
within 72 h of caspase levels in comparison with the 
initial level in both survivors and in those having ≤4 
operations. Peritoneal fluid caspase levels seem to be 
altered during both the healing phase of the peritoneal 
inflammation and operative trauma. However, this al-
tered peritoneal apoptotic response is not solely be-
ing regulated by endotoxin levels.[14] More research is 
needed on the qualitative and quantitative properties 
not only of mast cells but also of other peritoneal cells 
in clinical peritonitis.
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The results of the present study may have been 
affected by the study design and the limited number 
of patients included. Those shortcomings should be 
taken into consideration while evaluating our findings.

In conclusion, second day APACHE II scores and 
age were found to be helpful in predicting disease se-
verity and mortality. CRP, IL-6, leptin, cortisol, and 
peritoneal fluid samples for caspase-3 were not found 
to be helpful in discriminating the number of planned 
operations, even though there is a significant decrease 
in caspase-3 levels among surviving patients. The dis-
criminative value of caspase-3 for abdominal closure 
in planned relaparotomy should be evaluated in stud-
ies in which caspase-3 levels are monitored for a lon-
ger duration in a large number of patients.
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