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Abstract

Background: The aim of this study was to identify the diagnostic role of plasma calprotectin value for a distinction
of presence acute appendicitis and the indifference of uncomplicated from complicated acute appendicitis.

Methods: Plasma calprotectin, white blood cell and C-reactive protein values of 89 patients, who have undergone
laparoscopic appendectomy between January 2013 and May 2013 were evaluated.

Results: Calprotectin was 91 ng/mL (range 45–538) for acute appendicitis and 47 ng/ml (range 28–205) for the
control group. There was a positive, statistically significant relation between calprotectin and C-reactive protein
values (r = 0. 292 p = 0. 001, respectively). There was no statistically significant difference was determined between
calprotectin and white blood cell values (r = 0. 142 p = 0. 187, respectively). CRP and Cal values were significantly
higher in patients with a complicated AA group than in those with uncomplicated AA (p = 0. 014, p = 0. 0001,
respectively) whereas white blood cell counts did not differ significantly between two groups (p = 0. 164).

Conclusion: Plasma calprotectin levels were increased in patients with acute appendicitis and should use in a
distinction of uncomplicated from complicated acute appendicitis patients.

Keywords: Acute appendicitis, Plasma Calprotectin, Uncomplicated acute appendicitis, Complicated acute
appendicitis

Background
The lifetime occurrence of acute appendicitis (AA) is
approximately 7–8 % and it is the most common disease,
which find in emergency surgery [1, 2]. Although the
most severe of all adverse events, mortality in developed
health systems is low (between 0.09 % and 0.24 %) and
does not have a sensitivity to detect differences in care
processes that lead to variation in other outcomes [3, 4].
No inflammatory marker alone, such as white blood cell
(WBC) count, C-reactive protein (CRP) or other novel
tests, including procalcitonin, can identify AA with high
specificity and sensitivity [5]. However, WBC count is
obtained in virtually all patients who are assessed for

AA, when available. A range of novel biomarkers has
been suggested during the past decade, including bilirubin,
but these do not have external validity and suffer repeat-
edly from low sensitivity, which means they are unlikely to
come into clinical practice [6]. Initial reliance on ultra-
sound (USG) has become more guarded recently because
of moderate sensitivity (86 %, CI 83–88) and specificity
(81 %, CI 78–84) as shown through pooled diagnostic
accuracy of 14 studies [7], limiting its diagnostic ability. In
adolescent and adult patients, computed tomography
(CT) has become the most widely accepted imaging
strategy. It is used in 86 % of patients, with a sensi-
tivity of 92 · 3 % [8]. The rate of negative appendec-
tomy decreased significantly over time, from 12 · 7 %
in 1995 to 2 · 8 % in 2006 [9–11].
Calprotectin (Cal) S-100 is a 36-kDa heterodimer that

belongs to the family of calcium-binding proteins, which
involve both lights (MRP8) and heavy (MRP14) chains
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and were identified as an antimicrobial protein in gran-
ules of neutrophils and to a lesser extent in monocytes
and reactive macrophages [12]. Cal was counting 60 %
of the total cytosolic protein in neutrophils [13], which
provide to separate these from monocytes during cell
death and cell rupture [12]. In the presence of an on-
going cycle of inflammation, Cal levels are increased in
plasma, synovial fluid, urine and tool [14–16]. Thus, Cal
levels in plasma and various body fluids have been pro-
posed as a marker of inflammation [12].
In this prospective study, the authors have aimed to

compare of inflammatory markers, which use in routine
practice and plasma Cal values and to identify the role
of plasma Cal values in the diagnosis of complicated and
uncomplicated AA. Therefore, in this study, we mea-
sured plasma Cal and CRP levels in patients with AA to
investigate the diagnostic accuracy of the combined use
of these markers.

Methods
The Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement was used in the
design and implementation of the study and to prepare
the manuscript [17]. The study was approved by the Local
Ethics Committee of our hospital (01-2013) and judged
that informed consent from patients was not necessary
because of the observational study design with no
additional burden for the patient.
Eighty-nine patients with AA, with an ASA (American

Society of Anesthesiologists) score of I–III, who under-
went laparoscopic appendectomy in our general surgery
clinic between January 2013 and May 2013 included the
study. The control group consisted of 30 patients, which
were selected from a group of 67 patients, who admitted
to the emergency clinic with the complaint of abdominal
pain in the right or right and left lower quadrants, after
laboratory tests and abdominal imaging, necessary con-
sultations were performed and follow-up for 48 h,
during which time neither antibiotics nor non-steroidal
anti-inflammatory drugs were administered, diagnostic
laparoscopy was performed in these patients. In 18 of 67
patients were determined a pelvic inflammatory disease,
16 patients had hemorrhagic ovarian cyst or cyst rup-
ture, and 3 patients had diverticulitis at laparoscopic
exploration. Since Cal values of plasma have been
increased with inflammatory process in these patho-
logical cases and if patients in the control group have
these pathologic findings, excluded the study. The
control group was created from 30 patients without
intra-abdominal pathology and thus diagnosed as non-
specific abdominal pain.
A pilot study, which were conducted with 20 patients

in each group. As a result of the study, the effect size for
Cal values was determined to be 0.609. Three patients

for each control group member were taken. With 0.05
Type I error rate, %80 power and allocation size of 3,
the minimum needed numbers were determined as 29
and 87 for control group respectively.
At our hospital, the normal laboratory values for CRP

and WBC are 0.01–0.5 mg/dL and 4–11 × 103/mm, re-
spectively. The detection limit for Cal, according to
Hycult Biotech is 46.8 ng/ml [18]. The Cal values of the
AA group were compared with the control group,
which were in normal range. Blood samples were
centrifuged for 15 min at 2000 × g. Aliquots of plasma
were stored at–80 °C until used in the assays. Serum
Cal was determined using a human Cal ELISA kit (East
Biopharm, China) according to the manufacturer’s
instructions. Cal level was expressed ng/ml. The limit
of detection of the ELISA is 20 ng/mL. The intra-assay
and inter-assay coefficients of variation were < 8.1 %
and <7.6 %, respectively.
Cal was measured in blood samples obtained from

both the AA and control groups. To patients, who pre-
sented with abdominal pain, a physical examination,
laboratory tests and abdominal USG and CT were
performed. In the AA group, blood samples for Cal,
WBC and CRP measurements were obtained after diag-
nosis and before medical and surgical treatment. The
abdominal cavities of these patients were explored dur-
ing the laparoscopic appendectomy. Only those without
any additional intra-abdominal inflammatory patholo-
gies were included the study. Complicated AA was
defined as AA in which perforation, gangrenous or an
intra-abdominal abscess [19].

Statistical analysis
Statistical analysis was performed using the Statistical
Software Package Program (Utah, USA), NCSS (Number
Cruncher Statistical System) 2007. When evaluating
data, besides routine statistical analysis, such as mean,
standard deviation, median, frequency and rate, in the
intergroup comparison of variables with normal dis-
tribution, Independent Sample test and in the intergroup
comparison of variables in the normal distribution
Mann-Whitney U test were used. Yates’ continuity
correction test (Yates corrected chi-square) was used in
the comparison of qualitative data. Cut-off values for
Call were assessed using ROC curves. The results were
assessed within a confidence interval of 95 % and signifi-
cance was assessed at p < 0.05 level.

Results
The male-to-female ratio was 54/35 in the study of
patients and 20/10 in the control patients. The mean age
was 28 (range 19–45) and 31 (range 21–56), respectively.
AA was histopathologically confirmed in 89 patients and
determination of acute mucosal inflammation was in 22
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patients (24.7 %), AA with phlegmon formation in 48
patients (53.9 %), and AA with gangrene in 19 patients
(21.3 %). A ruptured appendix was detected in 18 of 89
cases with AA. Findings of peritonitis and evaluation of
appendix microscope with histopathological results have
shown, 23 (26 %) of patients had complicated and 66
(74 %) of patients had uncomplicated AA.
WBC levels were significantly higher in the AA group

than in the control group (p = 0. 0001), as high as in
CRP (p = 0. 0001) and Cal (p = 0. 0001) levels. The
relationship between Cal and CRP values was statistically
significant (p = 0.001, r = 0.292), whereas this was not
the case for Cal and WBC values (p = 0.187, r = 0.141)
(Table 1). Average plasma Cal values were 59 ng/ml
(range 46–107) in the group of patients with acute
mucosal inflammation, 68 ng/ml (45–109) in those with
phlegmonous AA, and 185 ng/ml (range 85–538) in
those with gangrenous or ruptured AA. CRP and Cal
values were significantly higher in patients with a
complicated AA group than in those with uncomplicated
AA (p = 0. 014 and p = 0. 0001, respectively) whereas
WBC counts did not differ significantly between two
groups (p = 0. 164) (Table 2). However, WBC, CRP and
Cal values were significantly higher in patients with
positive USG findings [USG (+)], than in those AA
patients with negative USG findings [USG (−)] with AA
(p = 0. 0001) (Table 3).
In terms of the presence of AA, statistically significant

differences (p = 0. 001; p < 0.01) was observed between
the values of Cal, and the results clearly had showed that
Cal level is high if AA is the presence. Following these
results, it has been decided to study the cut-off point for
Cal. In terms of the presence of AA, ROC analyzes and
the full-screen test were used to determine cut-off point.
In terms of the presence of AA, it has been observed
that the cut-off point for Cal is 46 and higher. For the
46 ng/mL cutoff value of Cal; sensitivity is %98. 88,
specificity is %83. 33, positive cutoff value 94.62 and

negative cutoff value is 96.15. On the ROC curve, the
standard error for the below part %91. 2 is %4. 3 (Fig. 1).
Statistically significant relation between the presence of

AA and 46 cut-off value of Cal was observed (p = 0.001;
p < 0.01). When Cal level is 46 and higher, the risk to
see AA is 7.33 times more. While the below part of the
ROC curve is 0.912 for Cal, it is 0.952 for WBC and
0.824 for CRP. Significant differences in the below ROC
curve was observed (p = 0. 942; p = 0. 952; p = 0. 824;
p > 0.05, respectively). (Table 4) If leukocyte, CRP and
Cal values below the ROC curve were evaluated, value
for Cal was 0.935 below ROC curve, 0.640 for WBC
and 0.597 for CRP and values below the ROC curve
was statistically significant (p < 0.01) (Fig. 2). These
findings helped us to find the value of Cal in compli-
cated AA was more effective than WBC and CRP values
(p = 0.001; p = 0.001; p < 0.01, respectively). Any significant
difference wasn’t determined between WBC and CRP
in pre-diagnosis of complicated AA (p = 0. 603; p >
0.05) (Table 5).

Discussion
There is currently no evidence for suggesting, that
serum Cal is superior to standard inflammatory markers
for the exclusion or confirmation of suspected AA [20].
However, uncomplicated and complicated AA is consid-
ered to be two entities. The curability of uncomplicated
disease without surgery is proven in studies comparing
to antibiotic therapy, whereas complicated AA with ne-
crosis or perforation of the appendix cannot be treated
successfully without invasive modality. The preferred
surgical approach in complicated AA is more unclear,
therefore of lack of evidence in this group [21]. In this

Table 1 WBC, CRP and Cal values in the AA and control group

AA Control p

WBC Mid ± SS 14,11 ± 5,62 7,21 ± 3,79 0,0001

Median (IQR) 13,9 (10,9–17,3) 6,75 (5,9–7,9)

CRP Mid ± SS 5,92 ± 5,48 0,50 ± 0,42 0,0001

Median (IQR) 4,2 (2,14–7,7) 0,40 (0,26–0,66)

Cal Mid ± SS 91,56 ± 77,40 47,18 ± 32,55 0,0001

Median (IQR) 67,12 (53,87–67,12) 39,50 (34,81–42,71)

Cal

CRP r 0,292

p 0,001

WBC r 0,141

p 0,187

Table 2 WBC, CRP and Cal values in the uncomplicated and
complicated AA groups

Uncomplicated AA Complicated AA p

WBC Mid ± SS 5,78 ± 5,6 6,43 ± 5,15 0,164

Median (IQR) 3,78 (1,75–8,28) 6,43 ± 5,15

CRP Mid ± SS 13,54 ± 4,74 16,21 ± 3,52 0,014

Median (IQR) 13,35 (10,4–16,93) 16,21 ± 3,52

Cal Mid ± SS 65,44 ± 17,12 187,78 ± 125,45 0,0001

Median (IQR) 59,58 (52,29–72,75) 187,78 ± 125,45

Table 3 WBC, CRP and Cal values in the USG (+/−)

USG (−) USG (+) p

WBC Mid ± SS 13,85 ± 4,54 14,31 ± 4,71 0,0001

Median (IQR) 14,75 (10,75–17,3) 13,60 (10,8–18,2)

CRP Mid ± SS 7,38 ± 6,31 4,83 ± 4,54 0,0001

Median (IQR) 5,5 (2,7–9,77) 3,75 (1,76–5,93)

Cal Mid ± SS 90,46 ± 87,9 92,37 ± 69,45 0,0001

Median (IQR) 63,62 (52,3–98,42) 68,5 (55,57–97,1)
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study has supported, that plasma CRP level increase was
nonspecific, as in literature. Another fact that, we
wanted to emphasize the identification of Cal was a
useful inflammatory parameter. In distinction of compli-
cated and uncomplicated AA, Cal was statistically more
effective than the other inflammatory parameters ac-
cording to imaging and laboratory methods [21]. When
inflammatory process progresses and peritonitis findings
have occurred, Cal level has also increased. Due to
thickening of appendix wall, inflammation around fat
plans or the liquid amount around the appendix, plasma
Cal level has increased, and, therefore, Cal levels were

determined USG (+) patients higher than USG (−)
patients [21].
In this study, the average plasma Cal value of the

control group was 47.18 ng/ml, which was close to the
value, which was reported by Hycult Biotechnology
(46.8 ng/ml). Cal levels in AA group were significantly
higher than the control group. Although this increase
was non-specific for AA, it was specifically for the acute
inflammatory process, as well as CRP value, which has a
plasma half-life of 19 h and is produced by the liver
[22–25]. The relationship between plasma Cal and CRP
levels was statistically meaningful.
Cal was an acute-phase reactant, which increases in

local and systemic inflammatory diseases [23]. According
to Yui et al. This increase was caused by the migration
of leukocytes in the region of inflammation and tissue
disruption [26, 27]. Thus, in colorectal cancer, inflamma-
tory bowel disease, necrotizing enterocolitis and celiac
diseases fecal Cal levels have increased. According to
this, fecal Cal has been proposed as a non-invasive, non-
specific marker for the diagnosis of these diseases and
for detection of disease activation and remission in
patients with ulcerative colitis and Crohn’s Disease

Fig. 1 ROC curve, specificity and sensitivity for Cal

Fig. 2 ROC curve for Cal, WBC and CRP

Table 4 The area under the ROC curve (AUC) for Cal, WBC and
CRP in the AA

AUC SE %95 Cl

Cal 0,912 0,044 0,846–0,956

WBC 0,909 0,027 0,842–0,954

CRP 0,914 0,026 0,849–0,958

Cal- WBC p= 0,942

Cal-WBC p = 0,952

WBC -CRP p = 0,824
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[27–32]. In AA, increased plasma Cal levels, when were
used together with WBC and CRP levels might allow a
more accurate diagnosis of AA [33, 34]. While plasma Cal
levels also increase in acute pancreatitis, whether similar
increases could be measured in the pancreatic inflamma-
tion included further study [35].
Despite the use of laboratory tests, imaging techniques

and clinical examinations in patients with suspected AA,
both the number of negative laparotomy/laparoscopy and
surgery-related morbidity and mortality were remaining
high [36, 37]. On the other hand, routine diagnostic lapar-
oscopy has been proposed as an alternative to in-hospital
observation in patients with suspicion of AA [10]. Two
recent reviews of randomized trials, comparing early
laparoscopy to observation did not perform, however,
determine not any clear advantage [38, 39]. Investigations
to help distinguish those patients in the mid-Alvarado
Score group includes CRP, USG and CT. CRP as a blood
test for AA has a relatively high specificity: according to
this, a patient with normal CRP level is unlikely to have
AA [5]. Compared to WBC and procalcitonin, a meta-
analysis determined, CRP was more accurate [5]. One
study recommends that Cal, CRP or WBC count did not
have high sensitivity and specificity to be clinically useful
in the evaluation of subjects with suspected AA. Likewise,
procalcitonin had little effect in diagnosing AA, with
lower diagnostic accuracy than CRP and WBC [40].
The diagnosis of AA depends on the patient’s history,

a detailed physical examination, completed with labo-
ratory tests and imaging methods. In patients with sus-
pected AA, together elevated CRP levels and increased
plasma Cal levels could provide further support for the
diagnosis. Whether the use of CRP and Cal levels in the
diagnosis of AA, decreased the rate of unnecessary and
delayed laparotomies/laparoscopies remains to be deter-
mined in larger groups of patients.
Our study has several limitations, such as a low num-

ber of patients and was a single-center design. This
study was prospective, but the study design and data
analysis were performed retrospectively. Once the diag-
nosis was confirmed and the study group was selected
retrospectively. There is a lack of validation cohort in
this study.

Conclusion
Plasma Cal levels could be used indistinctness of
uncomplicated from complicated acute appendicitis as a
diagnostic marker of acute appendicitis.
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