
Rezumat

Peritonita este una dintre cele mai 
importante surse de sepsis abdominal. Infecţia intra-abdominală
determină activarea răspunsului inflamator, astefl încât media-
torii inflamaţiei ar putea fi utilizaţi ca markeri ai severităţii 
sepsisului, dar mai ales pentru a confirma sau a exclude diagnos-
ticul de sepsis. Scopul acestui studiu a fost evaluarea sensibilităţii şi
specificităţii markerilor serici ai inflamaţiei - proteina C reactivă
(PCR), procalcitonina (PCT) şi amiloidul A seric (AAS), la pacienţii cu
peritonită secundară generalizată.

Studiul este de tip prospectiv şi a fost realizat în Clinica de
Chirurgie de Urgenţă a Centrului Clinic al Serbiei din Belgrad.
Grupul de studiu a fost format din 100 de pacienţi cu vârsta 
cuprinsă între 18 şi 70 de ani, cu semne de abdomen acut prin 
peritonită secundară generalizată.

PCR şi PCT sunt în prezent printre cei mai importanţi
markeri preoperatori cu ajutorul cărora se poate face diferenţa
între sepsis şi SIRS. În prima zi postoperatorie, analiza relaţiei 
dintre sensibilitate şi specificitate a indicat o acurateţe diagnostică
mai ridicată şi o sensibilitate mai mare a AAS în comparaţie cu
PCR şi PCT. În restul perioadei postoperatorii din acest studiu,
curba ROC a coincis în cea mai mare parte cu linia diagonală, 
astfel încât diagnosticul sespsisului prin PCR, PCT şi AAS a avut o
acurateţe mai redusă.
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Introduction

Peritonitis is one of the most important
sources of abdominal sepsis, which, despite
modern therapeutic approaches, is followed by
a relatively high mortality rate (1). The most
common causes of peritonitis are gram-
negative, gram-positive as well as anaerobic
bacteria including intestinal flora-Escherichia
coli, Klebsiella pneumoniae, Strepotococcus
spp., and Bacteroides fragilis (2).

Since intra-abdominal infection leads to the
activation of an inflammatory response that
generates numerous mediators responsible for
peritonitis, it is suggested that some of these
mediators may be used as markers of severity
of sepsis, but primarily to identify or rule it 
out (3). Identification of patients who have

developed sepsis is very important primarily
from the aspect of applied therapeutic 
measures as well as monitoring the results of
treatment. Gustot et al. noted that of many
markers used in sepsis, none have sufficient
specificity and sensitivity to be routinely used
in clinical practice. Also, given the complexity
of the inflammatory response in sepsis, it is
unlikely that an ideal biomarker will be found,
and a combination of several markers would
be more effective in identifying sepsis (4).

C-reactive protein (CRP) is synthesized in
hepatocytes. A key role in inflammation and
host response to infection mediated by CRP is
related to the complement system, apoptosis,
phagocytosis, NO release, and cytokine 
production (5,6). In infectious conditions, the
level of CRP increases in the first 6-8 hours

Rezultatele studiului nostru sugerează că identificarea unui marker specific pentru 
diagnosticarea sepsisului abdominal sau pentru diferenţierea între SIRS şi sepsis, pre şi post-
operator, ar fi foarte utilă.
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with signs of acute abdomen due to diffuse secondary peritonitis.

CRP and PCT are so far among the most valuable preoperative markers for distinguishing
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and specificity at the different breakpoints used indicates a greater diagnostic accuracy and greater
sensitivity of SAA compared to CRP and PCT. In the remaining postoperative period in our study, 
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The results of our study suggest that finding a specific marker for the diagnosis 
of abdominal sepsis, a marker that would differentiate between SIRS and sepsis, pre- and post-
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and peaks from 350 to 400 mg/l, after approx-
imately 48 hours. After inflammation or tissue
destruction, CRP levels decline rapidly with
an elimination half-life estimated at 4-9 hours.
This rapid anti-inflammatory decline makes it
a useful marker of disease activity (5-8).

Serum amyloid A (SAA) is a protein of acute
phase of inflammation, produced in hepato-
cytes and macrophages/monocytes thanks to
inflammatory mediators TNF, IL-1β, and IF
(9,10). During inflammation, SAA becomes
part of high density lipoprotein (HDL), where
it replaces apolipoprotein A1 (APOA1) (11).
The human SAA family consists of the 
most common SAA1 and other isoforms - SAA,
SAA2 , SAA2 , and SAA3 (12). During
human endotoxemia, the level of SAA increases
within 14-16 hours as a result of de novo
expression of early cytokines that are inducers
of its subsequent synthesis and secretion (13).

Parenchymal cells (adipocytes) are a source
of high concentrations of procalcitonin (PCT)
in conditions of severe bacterial infection and
sepsis. Release of PCT is a result of activation
of adipocytes during their interaction with
monocytes through inflammatory mediators
(IL-1β and TNF) (14). Cytokines (IL-2 and 
IL-6) and TNF induce elevated procalcitonin
levels even in the absence of infection (15).

Depending on the stimulus by toxin, plasma
procalcitonin levels increase after 2-6 hours
(16).

The aim of this study was to evaluate the
sensitivity and specificity of serum markers of
inflammation: CRP, PCT, and SAA in the serum
of patients with diffuse secondary peritonitis.

Material and Methods

The prospective cohort study was conducted at
the Clinic for Emergency Surgery of the
Emergency Center of the Clinical Center of
Serbia in Belgrade. The study group consisted
of 100 patients aged 18 to 70 years, with signs
of acute abdomen due to diffuse secondary
peritonitis of the following etiology: pathologi-
cal perforations: stomach and duodenum
(longer than 12 hours), gallbladder, appendix,
small and large intestine; complications 

arising after previous elective or emergency
surgery; progression of inflammatory diseases
of the gastrointestinal tract; vascular diseases
of the intestine. The study was approved by
the Ethics Committee of the Faculty of
Medicine, University of Belgrade (No 29/V-5).

The diagnosis of sepsis/SIRS was made
based on the presence of at least two of the 
following clinical criteria: body temperature
>38 or <36 ° C; heart rate >90/min; number of
respirations >20/min or PaCO2 <4.3 kPa;
leukocyte count >12000 or <4000, or the 
presence of >10% of immature neutrophils.
The criterion for defining abdominal sepsis
was a defined abdominal source of infection
with a positive microbiological culture from the
peritoneal cavity.

Within the study group, two groups of sub-
jects were formed: the group designated as 
the SIRS group and the group designated as
the SEPSA group, depending on the micro-
biological findings postoperatively.

Exclusion criteria in this study were: 
pregnancy, puerperium, diabetes mellitus,
malignancies, patients with signs of acute 
pancreatitis, patients receiving cytostatics or on
immunosuppressive therapy, patients infected
with hepatitis B and C virus as well as 
HIV, patients with psychosis. Patients with 
suspected extra-abdominal origin of the infec-
tion were also excluded from the study.

Diffuse peritonitis was defined by the 
presence of toxic contents in at least three
quadrants of the abdominal cavity.

The American Society of Anesthesiologist
(ASA) score was calculated preoperatively for
all patients, while the Acute Physiology And
Chronic Health Evaluation II (APACHE II)
score was determined on the first postopera-
tive day.

All patients of the study group were 
sampled the contents of the abdominal cavity,
which were subjected to standard microbiologi-
cal analysis in the Microbiological Laboratory
of the Emergency Center of the Clinical
Center of Serbia in Belgrade.

Blood samples were collected before surgery
and every day after surgery, with Vacutainers
(BD Vacutainer Systems, Franklin Lakes, New
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Jersey). Samples for the determination of 
C-reactive protein, Serum amyloid A and
Procalcitonin were left at room temperature for
30 minutes to coagulate and then centrifuged at
2680 g for 10 minutes to obtain serum samples.
C-reactive protein and Procalcitonin were
determined using a Roche Cobas 6000 auto-
mated analyzer (Roche Diagnostics, Mannheim,
Germany). Serum amyloid A values were deter-
mined using an enhanced immunophelometric
test (Siemens Healthcare GmbH, Germany) on
BNII System (Siemens Healthcare GmbH,
Germany). The parameters on the basis of
which the patients were scored were also 
determined - APACHE II score. 

From the obtained data, a database was
formed in which the numerical values of the
monitored features within the observed
groups were input.

The normality of the distribution was
assessed by the Kolmogorov-Smirnov test.
Normally distributed data are presented as
mean values for the group with standard 
deviation (SD), and the rest as the median
with interquartile range (IQR). Statistical 
significance of initial differences in patients
with hernia, sepsis, and SIRS was evaluated
by the Hi-square test, the Fischer test, the 
t-test, and the Wilcoxon test for independent
samples. Sensitivity and specificity are shown
using the ROC curve so that values closer to
unity have a higher diagnostic utility 
compared to values of 0.5 which indicate that
the test has no diagnostic utility. Statistical
analysis and graphical representations were
done in R 3.1.0. (17).

Results

The prospective cohort study included 100
patients with secondary peritonitis, divided
into two groups: in the SIRS group there were
45 patients, while in the SEPSA group there
were 55 patients. The mean age in the SIRS
group was 45.91±13.1, in the SEPSA group it
was 48.8±13.3, while in the hernia group it
was 46.23±15.7. In both study groups, 
two-thirds were male patients. The average
treatment of both examined groups lasted
about seven days. No mortality was recorded
in the study group. 

The ASA score in both examined groups
was 2. APACHE II score calculated on the first
postoperative day was 7 in the SIRS group,
while in the SEPSA group it was 8.

In comparison between patients in the study
group, PCT and CRP also had statistically 
significant higher values in patients in the
SEPSA group compared to patients in the SIRS
group.

Preoperative ratio of sensitivity and 
specificity in different used breakpoints,
where the ROC curve is closer to the left 
corner and indicates a higher degree of test
usefulness, i.e., higher diagnostic accuracy
and higher sensitivity of CRP and PCT in 
distinguishing SIRS syndrome from sepsis
while the ROC curve generally coincides with
the diagonal line, indicates a small degree of
usefulness of the test, i.e., lower diagnostic
accuracy of SAA in distinguishing SIRS 
syndrome from sepsis ( ).

Therefore, CRP and PCT are so far among
the most valuable preoperative markers for

Figure 1. Sensitivity and specificity of CRP and PCT and SAA values preoperatively in distinguishing sepsis syndrome from SIRS (ROC curve)
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distinguishing sepsis from SIRS (among them,
in terms of AUC there is no statistically sig-
nificant difference, p = 0.9125), while SAA is in
this sense a very weak marker, having an area
value below the curve very close to 0.5, 
which would correspond to a “random guess”
( ).

On the first postoperative day, the situation
is different, the analysis of the relationship
between sensitivity and specificity at the 
different breakpoints used, where the ROC
curve is closer to the left corner, indicates a
higher degree of usefulness of the test, i.e.,
greater diagnostic accuracy and greater 
sensitivity of SAA in distinguishing SIRS 
syndrome from sepsis compared to CRP and
PCT ( ).

Here we see that the postoperative situa-
tion is just the opposite, SAA turns out to be a
very valuable discriminator between sepsis
and SIRS cases on the first postoperative day.
The prognostic value of SAA markers in terms
of the distinction between SIRS and sepsis is
highly statistically significant, higher than the
prognostic value of CRP (p=0.00186) ( ).

Also, in contrast to the SAA values in the
study group patients on the first postoperative
day, the analysis of the ratio between sensitivity
and specificity at different breakpoints used,
where the ROC curve generally coincides with
the diagonal line, indicates a small degree of
test usefulness, i.e., lower diagnostic accuracy
of CRP and PCT in distinguishing SIRS 

syndrome from sepsis on the first postoperative
day.

In the remaining postoperative period in
our study, the ROC curve mostly coincided
with the diagonal line, so CRP, PCT, and 
SAA had little diagnostic accuracy in distin-
guishing SIRS syndrome from sepsis.

On the second or third postoperative day,
no marker can be said to have any statistically
significant discriminant value in distinguish-
ing between SIRS and sepsis (even CRP has a
95% confidence interval spanning 0.5).

Discussion

In our study, we considered the sensitivity and

Table 1. AUC, 95% confidence interval, optimal breakpoint sensitivity
and specificity of inflammatory markers in the optimal 
breakdown preoperatively

AUC 95% CI OBV Sensitivity Specificity
CRP 0.71 0.61-0.81 28.1 0.8 0.6

PCT 0.7 0.59-0.81 1.545 0.24 0.85
SAA 0.56 0.44-0.68 523.5 0.71 0.62
OBV, optimal breaking value

Table 2. AUC, 95% confidence interval, optimal breakpoint and 
sensitivity and specificity of inflammatory markers in the
optimal breakdown, first postoperative day

AUC 95% CI OBV Sensitivity Specificity
CRP 0.64 0.53-0.75 201.55 0.8 0.51
PCT 0.46 0.34-0.58 5.64 0.67 0.53
SAA 0.85 0.76-0.95 1009.5 0.92 0.89
OBV, optimal breaking value

Figure 2. Sensitivity and specificity of CRP, PCT, and SAA values on the first postoperative day in distinguishing sepsis syndrome from SIRS 
(ROC curve).

34 www.revistachirurgia.ro Chirurgia, 117 (1), 2022

D.D. Arbutina et al



specificity of acute markers of sepsis such as
CRP, PCT, and SAA in patients with peritonitis.
The values were increased in regard to the 
etiology of the disease, which significantly 
contributed to the diagnosis. Further analysis
of our results concluded that the CRP values
in our study were significantly higher in the
SEPSA group compared to the SIRS group,
which we explained by more intense inflam-
matory response in the SEPSA group.

By analyzing the relationship between 
sensitivity and specificity, preoperative values
of CRP and PCT indicate a higher degree of
usefulness of the test in distinguishing SIRS
syndrome from sepsis. However, on the first,
second, and third postoperative day, we find
that CRP and PCT lose sensitivity and speci-
ficity, and thus the degree of usefulness of the
test is declining. The results of many studies
regarding the sensitivity and specificity of
CRP are contradictory (18-20).

In our study, there was a statistically 
significant difference between the values of
PCT in the SIRS group and the SEPSA group
in the preoperative period. We explain this by
the significant synthesis of PCT in the SEPSA
group, caused by the excessive release of the
present bacterial endotoxins and exotoxins,
which are potent and important for the 
synthesis of PCT. Based on the above, we 
conclude that the inflammatory response in
both study groups was significant, but the fact
that there was no difference between the
groups, to some extent limits the use of PCT in
distinguishing SIRS from sepsis. Research by
Zheng Wao et al. showed that PCT is not an
ideal biomarker in discriminating SIRS from
sepsis (21). Also, Yang et al., in a meta-analysis
that included 18 studies with a total of 1,827
patients, showed that sensitivity and specificity
were relatively good. However, given the
methodological limitations and significant
heterogeneity in the groups, the general 
conclusion was that medical decisions should
be made after summing the clinical findings
and PCT levels. Also, PCT cannot be used
alone as the gold standard for the diagnosis of
peritonitis (22).

Conclusions of the studies by Niu et al. and

Lai et al. were that the selection of optimal
biomarkers should be done carefully.
Individual detection of PCT, CRP, and SAA
had some value in the diagnosis of infectious
diseases, but there was evidence of misdiagno-
sis and missed diagnosis. However, the 
combined detection of these three biomarkers
has improved the accuracy of diagnosis in a
timely and efficient manner, especially for
early detection of sepsis, as well as the rate of
detection of infectious diseases and provided
greater accuracy of diagnosis. Also, the 
medical context, demographics, sensitivity
and specificity of biomarkers should be taken
into account (19,23).

Analyzing our results and the published
results of other studies, we conclude that it
would be desirable to include in the research
the measurement of SAA as an acute phase
protein in secondary peritonitis. 

Yuan et al. conclude that determining the
level of SAA in sepsis detection is most useful
in combination with other markers such as
CRP and PCT as well as determining their
correlation (24).

In our study, during the preoperative 
period, the analysis of the relationship
between sensitivity and specificity found a low
degree of usefulness of the SAA test in 
distinguishing SIRS syndrome from sepsis,
while on the first postoperative day we found
that sensitivity and specificity indicated a
higher degree of usefulness of SAA test in 
distinguishing SIRS syndrome from sepsis
compared to CRP and PCT. Arnon et al.
showed that SAA had overall better diagnostic
accuracy in predicting early sepsis compared
to CRP (sensitivity 96% vs. 30%) and specificity
(95% vs. 98%) (18). A meta-analysis conducted
by Yuan H. et al. showed that the overall 
sensitivity for SAA was better compared to
CRP (0.78 (95% CI 0.73-0.83) vs. 0.67 (95% CI
0.62-0.73)). Also, in the same study, the overall
specificity for SAA was slightly lower 
than CRP and was 0.89 (95% CI 0.84-0.92)
compared to 0.92 (95% CI 0.89-0.95), but their
difference was not statistically significant 
(p <0.05) (24).
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Conclusion

Based on previous research, it can be said that
finding a specific marker for the diagnosis of
abdominal sepsis, a marker that would 
differentiate between SIRS and sepsis, would
be very useful. This would enable a more 
successful therapeutic approach as well as a
prognosis for the treatment of peritonitis
which would contribute to a better outcome.

The authors declare no conflicts of interests.
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