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Abstract
Background: Delay in diagnosis and treatment of acute appendicitis (AA) results in an increased rate of per-

foration, postoperative morbidity, mortality and hospital length of stay. Several biochemical parameters includ-
ing white blood cell (WBC) count, C-reactive protein (CRP), interleukin-6 (IL6) and Procalcitonin (PCT) have
been used to further improve the clinical diagnosis of AA. The aim of this study was to assess the value of pro-
calcitonin as a predictor of diagnosis and severity of appendicitis in order to improve the clinical decision mak-
ing, since other studies have been unable to demonstrate a diagnostic value for PCT elevation in acute appendi-
citis.

Methods: One-hundred patients who underwent open appendectomy, including 75 men and 25 women with a
mean age of 28 years were included in this study. Procalcitonin values were measured by an immunofluores-
cent method). Serum PCT>0.5 ng/ml was considered positive. The PCT serum values were measured in four
different categories, including ˂0.5ng/ml, 0.5-2 ng/ml, 2-10ng/ml and more than 10ng/ml.

Results: The sensitivity and specificity of PCT level measurement for acute appendicitis diagnosis were 44%
and 100% respectively. The value of PCT increased with the severity of appendicitis and also with the presence
of peritonitis and infection, at the site of surgery.

Conclusions: Procalcitonin measurement cannot be used as a diagnostic test for adult patients with acute ap-
pendicitis and its routine use in such patients is not cost effective and conclusive. Procalcitonin values can be
used as a prognostic marker and predictor of infectious complications following surgery and it can help to carry
out timely surgical intervention which is highly recommended in patients with PCT values more than 0.5ng/ml.
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Introduction
Appendectomy for acute appendicitis

(AA) is the most commonly performed
emergency operation in the world. Appen-

dicitis is a disease of the young with 40%
of cases occurring in patients between the
ages of 10 and 29 years (1). Delay in diag-
nosis and treatment results in an increased
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rate of perforation, postoperative morbidity,
mortality and hospital length of stay. De-
spite the advent of sophisticated laboratory
and imaging diagnostic modalities, in-
hospital observation and repeated clinical
examination remains the most common
way of diagnosis of acute appendicitis but
this may lead to an increase in the number
of patients operated with false positive di-
agnosis of AA. Several biochemical param-
eters including white blood cell (WBC)
count, C-reactive protein (CRP), interleu-
kin-6 (IL6) and Procalcitonin have been
used to further improve the clinical diagno-
sis of AA (2). The aim of this study was to
assess the value of procalcitonin as a pre-
dictor of diagnosis and severity of appendi-
citis in order to improve the clinical deci-
sion making.

Methods
This cross sectional study included one

hundred patients who underwent open ap-
pendectomy, based on the clinical diagno-
sis of acute appendicitis during a two-year
period from March 2007 to March 2009 in
the surgical department of Hazrat-e-
Rasool Hospital, an academic teaching
hospital in Tehran- Iran. This study was
approved by Iran University of Medical
Science Ethics Committee and was a post-
graduate thesis. Exclusion criteria were
patients, in whom another diagnosis other
than acute appendicitis was confirmed
during the operation, being under antibi-
otic use two weeks before admission and
presence of another infectious lesion or
disease in any other part of the body. No
antibiotics had been prescribed for patients
by the primary physician prior to referring
to a surgeon and taking a careful history to
confirm the condition. All other patients
without exclusion criteria, who underwent
appendectomy, whether or not the appen-
dix was normal or inflamed, included in
this study.

Clinical and laboratory information of
patients including age, sex, duration of
symptoms, Alvarado score, WBC count
and differential, pre-operative procalciton-

in level, final histopathological diagno-
sis/status of appendix (normal-inflamed-
gangrenous-perforated), presence of local-
ized or generalized peritonitis and post-
operative complications (wound infection-
intra-abdominal abscess) were recorded.

All patients were informed about the aim
of the study and an informed consent was
obtained. Since the study was supported
by a financial grant from the Tehran Uni-
versity of Medical Sciences, no extra cost
regarding the procalcitonin level determi-
nation was imposed on the patients.

Procalcitonin values were measured by
an immunofluorescent method using the
B.R.A.H.M.S PCT kit (B.R.A.H.M.S Di-
agnostica, Berlin, Germany). Pre-
operative separate clotted and citrated
blood samples were used for measuring
procalcitonin level and WBCs, respective-
ly. Serum PCT>0.5 ng/ml was considered
positive. PCT serum values were meas-
ured in four different categories, including
˂0.5ng/ml, 0.5-2 ng/ml, 2-10ng/ml and
greater than 10ng/ml.

Statistical analysis was performed by
SPSS 13 software for Windows. Analysis
of distribution of data was assessed by the
Kolmogorove-Smirnove test. For normally
distributed data (Alvarado Score), the null
hypothesis was based on the assumption
that no difference in values existed be-
tween the two groups. In order to show
whether the variance of data in two groups
are equal or not, the Leven test was used.
Since the variances were not equal in both
groups, Mann Whitey U test (nonparamet-
ric independent-paired comparison) used
to compare different groups. The PCT
values were analyzed by means of Chi
square test analysis.
Mean values and standard deviations

(SD) was calculated for WBC and poly-
morphonuclear (PMN). Additional calcu-
lations of sensitivity, specificity, negative
predictive value (NPV) and positive pre-
dictive value (PPV) of PCT were included
in the data analysis. Statistical signifi-
cance was set at the <5% level.

This research was based on the post-
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graduate thesis of Dr. Roohollah Taghavi
with the supervision of Dr. Mohammad
Vaziri entitled “Evaluation of Procalciton-
in as a biomarker of diagnosis, severity
and postoperative complications in adult
patients with acute appendicitis”, which
was performed in Minimally Invasive
Surgery Research Center, Iran University
of Medical Sciences, Tehran, Iran.

Results
One-hundred patients who underwent

open appendectomy consisted 75 men
(75%) and 25 women (25%) with a mean
age of 28 years (age range 15-60 years)
were included in this study. Duration of
symptoms from the onset of clinical dis-
comfort and at the time of the first visit by
a surgeon was recorded which included a
mean of 33 hours (range:15 hours to 96
hours). The mean for Alvarado score was 8
(range: 5-10) and the mean WBC value was
12338/mm3 (range:6500-19500/mm3). The
patients had no underlying disease.

Of 100 patients operated, 94 had appendi-
citis confirmed by the final pathologist re-
port (negative appendectomy rate of 6%).
The severity of the appendix inflammation
determined for each patient at the time of
operation included the following: early
suppurative (42 patients), late suppurative
(26 patients) and gangrenous/perforated
appendix (17 patients). Peritonitis due to
perforated appendicitis was confirmed in 9
patients intra-operatively. Post-operative
complications including surgical site infec-

tion (SSI) was detected in 6 patients.
Procalcitonin value in 59 patients was

less than 0.5ng/ml and hence considered
negative. In the remaining 41 patients, 27
had a serum PCT value between 0.5 –
2ng/ml, 9 between 2 -10ng/ml and 5 more
than 10ng/ml. Among nine patients with
peritonitis, five patients had a PCT value
more than 10ng/ml and this value was be-
tween 2-10ng/ml in four patients. In six
cases of surgical site infection, one patient
had a PCT value more than 10 ng/ml, four
between 2–10 ng/ml and one patient had a
negative PCT value.

Based on the final pathologic report, we
classified the patients into two groups:
Group I with no evidence of appendicitis
and Group II with a confirmed appendicitis
report and the aforementioned values were
calculated and allocated accordingly (Table
1).

The sensitivity and specificity of PCT
level measurement for acute appendicitis
diagnosis was 44% and 100% respectively.
The corresponding sensitivity for detecting
peritonitis and surgical site infection were
100% and 65% and their specificity were
83% and 62% respectively. The NPV and
PPV of PCT in appendicitis were 0.1(10%)
and 1(100%) respectively (Table 2).

Statistical analysis showed that there was
a significant difference in PCT value be-
tween the two groups of patients based on
pathologic report (Chi-square test: p=0.023.
The value of PCT increased with the se-
verity of appendicitis and presence of peri-

Table 1. Values of PCT, WBC and PMN in two groups of patients with and without appendicitis, group 1 and 2 respec-
tively.

Group 1
Normal appendix

Group 2
Appendicitis

Total

Number of
patients

6 94 100

Age (Years) 19.16(±2) 28.57(±10.57) 28(±10.46,9-60)
Sex 0 Male/6 Female 75 Male/19 Female 27 male/25 female
WBC 16.67(±16.67) 12.06(±2.86) 12.33(±3.14,6.5-19.5)
PCT 6[<0.5 ng/ml)],0 [0.5-2 ng/ml],

0 [2-10 ng/ml],0[>10 ng/ml]
53 [<0.5 ng/ml)],
27 [0.5-2 ng/ml],

9 [2-10 ng/ml],5 [>10 ng/ml]

59 [<0.5 ng/ml)],
27 [0.5-2 ng/ml],

9 [2-10 ng/ml],5[>10 ng/ml]
PMN 71.67(±8.08) 79.35(±9.04) 78.89(±9,53-95)
Duration of
operation

19(±2.55) 33.98(±19.37) 33(±19.12,15-96)

WBC= white blood cell, PCT= Procalcitonin, PMN= Polymorphonuclear
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tonitis and surgical site infection. There
was a significant difference in the PCT be-
tween two groups of patients with peritoni-
tis due to perforated appendicitis and pa-
tients who had no peritonitis. (Chi-square
test: p<0.05). There was also a significant
difference in the PCT values based on the
severity of the appendix inflammation de-
termined at the time of operation (Chi-
square test: p=0.036).

The PCT levels were also increased in
cases with higher Alvarado score and WBC
elevation. There was a significant differ-
ence in Alvarado Score data in two groups
of patients based on pathological findings.
(Mann Whitney U Test: p=0.041)

Discussion
The lifetime rates for appendectomy were

12% for men and 25% women with 7% of
all people undergoing appendectomy for
acute appendicitis during their lifetime. De-
spite the increased use of sophisticated im-
aging and non-invasive diagnostic modali-
ties such as graded compression sonogra-
phy, high-resolution helical computed to-
mography (CT) and laparoscopy, the rate of
misdiagnosis of appendicitis has remained
constant (15%) and so has the rate of ap-
pendiceal rupture (1). In addition, these
procedures have a number of significant
limitations including cost, radiation expo-
sure, operator dependency, availability,
contrast agent allergy, false positive and
false negative diagnoses, exposure to anes-
thetics and special considerations in chil-
dren and pregnant patients.

An accurate and cost-effective diagnostic
test is highly desirable to further improve
the clinical assessment of patients and to be
life-saving and reassuring patients and phy-
sicians respectively.

The purpose of this study was to deter-
mine whether or not the PCT levels have
any diagnostic value in the serum of pa-
tients with acute appendicitis.

Procalcitonin is a calcitonin precursor
which degrades to catacalcin-calcitonin and
residual protein with a half-life of about 25-
30 hours which allows timely repeated
measurements that may reflect changes of
the underlying clinical condition. It is ele-
vated in a number of localized and systemic
infections including lower respiratory tract
infections (3), meningitis (4), infectious
endocarditis (5), pancreatitis (6) and acute
pyelonephritis (7). The PCT has also be-
come increasingly popular as a marker of
infection after surgical procedures (8). Bac-
terial lipopolysaccharides and the pro-
inflammatory cytokines are the most potent
inducers of PCT release. It has been
demonstrated that the injection of bacterial
endotoxin into healthy subjects causes an
increase in PCT by 0.5ng/ml per hour after
a latency of about 2-3 hours and reaching a
plateau after 6-12 hours (9).

The available data evaluating the diagnos-
tic value of PCT for patients with acute ap-
pendicitis are sparse and predominantly
related to children. An available study that
investigated adult patients is by Kisacik et
al (10) who studied 34 adult patients with
acute appendicitis and 28 with familial
Mediterranean fever attacks. They reported
PCT levels that are higher than 0.5ng/ml in
62% of their patients with acute appendici-
tis and in 11% of their patients with famili-
al Mediterranean fever. The large fraction
of patients with acute appendicitis who
demonstrate a PCT increase in this study
(62%) was contradictory to study by Sand
et al (11) in which only 14.3% of patients
had PCT levels > 0.5ng/ml. The latter study

Table 2. Sensitivity, Specificity, Negative predictive value (NPV), and positive predictive value (PPV) of PCT in Ap-
pendicitis, Peritonitis and Surgical site infection.

acute appendicitis detecting peritonitis
(due to appendicitis)

surgical site infection
(after appendectomy)

Sensitivity of PCT 44% 100% 83%
Specificity of PCT 100% 65% 62%
NPN 10% 100% 98%
PPV 100% 100% 100%
PCT= Procalcitonin, NPV = Negative predictive value, PPV= positive predictive value
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concluded that PCT elevation with a re-
markably poor sensitivity of 0.14 prohibits
its use as a standard laboratory test for the
diagnosis of acute appendicitis.

A few other studies, mainly performed in
children and adolescents, have also been
unable to demonstrate a diagnostic value
for PCT elevation in acute appendicitis.
Kouame et al (12) found PCT level higher
than 0.5ng/ml in 12% of their pediatric pa-
tients with acute appendicitis (PCT sensi-
tivity 28%), reflecting no role for PCT as a
predictive or diagnostic marker. This find-
ing was also confirmed in other study by
Blab et al (2) who examined various diag-
nostic parameters in 233 cases of pediatric
appendicitis (mean age of 10.47 years). On
the other hand a number of studies have
demonstrated that PCT measurement can
be used as a prognostic marker of acute ap-
pendicitis complications and a good indica-
tor of the severity of this disease, leading to
surgical exploration in patients with PCT
values > 0.5ng/ml (10,11,13).

In a prospective study conducted by
Chandal et al (14) in India in forty pediatric
patients up to 15 years of age, the serum
PCT was found to be a better indicator for
diagnosing the acute appendicitis than the
serum CRP and other tests. The authors
concluded that the serum PCT when com-
bined with reliable clinical signs and symp-
toms is an excellent diagnostic marker of
the disease and should be done in pediatric
appendicitis patients to prevent unnecessary
appendectomies.

In a prospective study conducted by Kaya
B (15) et al the diagnostic utility of D-
dimer, PCT and CRP measurements in the
acute appendicitis were evaluated. They
concluded that due to their low sensitivity
and diagnostic value, PCT and D-dimer are
not better markers than CRP for the diag-
nosis of acute appendicitis.

Yu CW et al (16) evaluated the diagnos-
tic value of PCT, CRP and WBC in un-
complicated or complicated appendicitis by
means of a systematic review and meta-
analysis. Interestingly, their conclusion is
quite similar to our study:  PCT has little

value in diagnosing acute appendicitis,
however, it has greater diagnostic value in
identifying complicated appendicitis.

The results of yet another recent study
confirm our final finding. Wu JY et al (17)
assessed the diagnostic value of PCT in 214
emergency department (ED) patients with
suspected appendicitis. Their study did not
support the hypothesis that the PCT test
could be used for screening ED patients for
appendicitis. However, determination of the
PCT level may be useful for risk assess-
ment of ED patients with suspected com-
plicated appendicitis.

In our group of 94 patients with con-
firmed diagnosis of appendicitis, 41 had
PCT levels of > 0.5ng/ml. The sensitivity
of PCT for the diagnosis of appendicitis
was calculated to be 0.44 which considered
low and cannot be recommended as a diag-
nostic marker.

However, PCT measurement in our pa-
tients showed that the likelihood of observ-
ing an elevation in values increases with
the severity of appendicitis and the pres-
ence of peritonitis. In all patients with gan-
grenous appendicitis (17 cases) and perito-
nitis (9 cases) PCT values was more than
0.5ng/ml. It is to be noted that in five pa-
tients with peritonitis the value was more
than 10ng/ml and five out of six patients
with post-operative surgical site infection
showed elevated values pre-operatively.

Conclusion
The PCT measurement cannot be recom-

mended as a diagnostic test for patients
with acute appendicitis and its routine use
in such patients is not conclusive. The PCT
values can be used as a prognostic marker
and predictor of infectious complications
following surgery for acute appendicitis
and it can help to carry out timely surgical
intervention which highly is recommended
in patients with values more than 0.5ng/ml.
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