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Abstract

Background: Acute appendicitis is one of the most common surgical emergencies. Accurate diagnosis of acute
appendicitis is based on careful history, physical examination, laboratory and imaging investigation. The aim of the
study is to analyze the role of C-reactive protein (CRP), white blood count (WBC) and Neutrophil percentage (NP) in
improving the accuracy of diagnosis of acute appendicitis and to compare it with the intraoperative assessment
and histopathology findings.

Materials and methods: This investigation was a prospective double blinded clinical study. The study was done
on 173 patients surgically treated for acute appendicitis. The WBC, NP, and measurement of CRP were randomly
collected pre-operatively from all involved patients. Macroscopic assessment was made from the operation.
Appendectomy and a histopathology examination were performed on all patients. Gross description was compared
with histopathology results and then correlated with CRP, WBC, and NP.

Results: The observational accuracy was 87,3%, as compared to histopathological accuracy which was 85.5% with a
total of 173 patients that were operated on. The histopathology showed 25 (14.5%) patients had normal
appendices, and 148 (85.5%) patients had acutely inflamed, gangrenous, or perforated appendicitis. 52% were male
and 48% were female, with the age ranging from 5 to 59 with a median of 19.7. The gangrenous type was the
most frequent (52.6%). The WBC was altered in 77.5% of the cases, NP in 72.3%, and C-reactive protein in 76.9%
cases. In those with positive appendicitis, the CRP and WBC values were elevated in 126 patients (72.8%), whereas
NP was higher than 75% in 117 patients (67.6%). Out of 106 patients with triple positive tests, 101 (95.2%) had
appendicitis. The sensitivity, specificity, and positive predictive values of the 3 tests in combination were 95.3%,
72.2%, and 95.3%, respectively.

Conclusion: The raised value of the CRP was directly related to the severity of inflammation (p-value <0.05). CRP
monitoring enhances the diagnostic accuracy of acute appendicitis. The diagnostic accuracy of CRP is not
significantly greater than WBC and NP. A combination of these three tests significantly increases the accuracy. We
found that elevated serum CRP levels support the surgeon's clinical diagnosis.
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Introduction
Acute appendicitis is one of the most common surgical
emergencies and the most common source of infection
in community-acquired intra-abdominal infections [1-3].
Its diagnosis is usually made depending on the present-
ing history, clinical evaluation, and physical examination
[1,2,4]. It is further reinforced by laboratory investiga-
tions, such as white blood cells, differential counts (the
percentage of neutrophil granulocytes and band neutro-
phil granulocytes), and C-reactive protein (CRP) that
were the only diagnostic tools for many years [4-10]. It
has been estimated that the accuracy of the clinical diag-
nosis of acute appendicitis is only between 76 percent
and 92 percent [9,11]. Thus, accurate diagnosis of acute
appendicitis is still difficult [1,12,13]. The perforation
rate is high, as well as the number of negative appendec-
tomies [9,14]. Following the introduction of ultrasound
scans during the last two decades and computed tomog-
raphy (CT) in the last decade, the rate of negative ap-
pendectomies has decreased [4,15-17], but the
perforation rate has remained high (22%-62%) [4,18,19].
Negative appendectomies are one of the burdens facing
not only the general surgeon but also the patient her/
himself and society as a whole, since appendectomy, as
any other operation, results in socio-economic impacts
in the form of lost working days and declined
productivity.
CRP is a non-specific inflammatory marker that is

used routinely in many hospitals as an aid in the diagno-
sis of patients with an acute abdomen [9,10,14]. An
acute phase protein is produced in the liver. Normal
serum concentration is less than 10 mg/l 8–12 hours
after infection or trauma; the increase of acute phase
protein in liver the CRP is more important in clinical
practice. Production of CRP is controlled by Interleukin-
6 and in a few minutes increases from 10 to 1,000 times.
CRP is increased in infections, inflammatory arthritis,
autoimmune disorders, neoplasia, pregnancy, and aging
[9,10,20-24].
Many reports have investigated the value of the raised

serum CRP measurement in improving the diagnosis of
acute appendicitis [9,10,25].
Additional tests that would improve the diagnostic ac-

curacy and reduce the number of unnecessary opera-
tions are needed. This is particularly important these
days when health planning is driven by cost contain-
ment. The C-reactive protein (CRP), together with other
acute-phase proteins, increased in response to tissue in-
jury [26].
The aim of this study was to analyze the role of C-

reactive protein (CRP) values, in accuracy of diagnosis of
acute appendicitis in comparison with WBC, NP, the
surgeon's clinical diagnosis, and the histopathologic
findings.
Patients and methods
Patients
The study included randomly all operated patients (173)
suspected of acute appendicitis between November 2008
and February 2009 in the Department of Surgery.

Methods
Clinical signs of acute appendicitis determined by the
surgeon and the duration of the symptoms were docu-
mented on admission. The clinical signs included direct
tenderness in the right lower quadrant, percussion and
rebound tenderness, localized rigidity, and diffuse rigid-
ity of the abdominal wall. At least one clinical sign had
to be present in order to consider the patient positive
for clinical signs. In all operated patients, in-hospital ob-
servation time until the surgical procedure was per-
formed was recorded. The surgeons were aware of the
routine laboratory and ultrasound findings.
Blood samples for routine laboratory tests (white

blood cell count, differential count), and C-reactive
protein were obtained on admission. White blood cell
and differential counts were measured by the
Hematology Analyzer (HARIBA ABX Micros 60). The
normal WBC value in our laboratory is 0–10 x 109/L.
Levels above 10 x 109/L were considered as above nor-
mal. The percentage of neutrophils was considered ele-
vated when >75%. The C-reactive protein concentration
was quantified by a Latex agglutination slide test for
the qualitative and semi-quantitative determination in
Non-diluted serum (Humatex, Wiesbaden, Germany).
For semi-quantitative determination, serum dilutions
were prepared with the 0.9% sodium chloride, accord-
ing to the instructions of the manufacturers. Each dilu-
tion was tested according to the qualitative procedure
described above until no further agglutination was
observed. The serum CRP concentration was then esti-
mated by multiplying the dilution factor from the last
dilution with visible agglutination (2, 4, 8, 16, 32) by
the detection limit (6 mg/l). E.g. if the agglutination
titer appears at 1:16, the approximate serum CRP level
is 16 x 6 = 96 mg/l. The normal CRP level in our la-
boratory is 0–6 mg/L. Levels above 6 mg/L were con-
sidered as being above normal.
Serum CRP measurements were not taken into ac-

count for the decision of surgical intervention and to
compare it with the surgeon's clinical diagnosis. Fur-
ther, the laboratory staff was not informed about the
clinical findings, decisions, and outcomes (double
blind study).
Removed appendixes were fixed in 4% formalin,

stained with hematoxylin and eosin (H&E) and analyzed
histologically. Based on the histological features of the
removed appendix, according to the criteria described by
Shashtari M HS, 2006 (24), the patients were divided
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into three groups: Group A normal appendix, Group B
inflamed appendix (simple appendicitis), and Group C
perforated/gangrenous appendix (complicated appendi-
citis). The final diagnosis was based on the histology
and, in the case of perforation, on the macroscopic
evaluation by the surgeon. The pathologists were not
informed of the patients’ clinical and laboratory data, ex-
cept for the surgical diagnosis.
Statistical analysis
All variables showing a significant difference between the
groups were further analyzed. The receiver-operating
characteristic (ROC) curves were drawn to define the
optimum sensitivity, specificity, cut-off value, predictive
values, and diagnostic accuracy, determined by the area
under the ROC curve (AUC) of the studied laboratory
markers.
Results
Out of a total of 173 patients, the histopathologic find-
ings confirmed acute appendicitis in 148 (85.55%)
patients. Normal appendixes were removed in the
remaining 25 (14.45%) patients: males were 52.02% (N =
90), females 47.97% (N = 83), and children 39.3% (N =
68). The male female ratio was 1.09:1. The age range was
from 5 to 59 years with the mean (SD) being 19.7 years
(± 10,5), whereas 83.5% of patients were under 30 years
old. According to the histopathology reports, Group A
where normal appendix was found comprised 25
(14.45%) patients, whereas inflamed appendix was found
in 148 (85.5%) patients. Among patients with a positive
appendicitis, 36 (20.81%) belonged to group Group B
with acute simple appendicitis and 112 (64.74%) had a
ruptured/perforated/gangrenous appendix (Group-C,
complicated appendicitis). The rate of perforated appen-
dicitis was 12.1% (Table 1).
Among the patients in Group A, the most common

diagnoses associated with primary negative appendec-
tomy included nonspecific abdominal pain 15 (8.7%),
Table 1 Distribution of histopathologic features of appendix

Histopathology of Appendix Fem

Group - A Normal appendix 2

Group - B Catarrhal App.

(Non-complicated
appendicitis)

Phlegmonous App. 2

Group - C Gangrenous App. 3

(complicated
appendicitis)
Perforative App.

Total N 8

% 4
ruptured ovarian cysts 4 (2.3%), mesenteric lymphaden-
itis 5 (2.9%), and urinary infection 1 (0.6%).
In Group A the CRP values ranged from 0 to 96 with

a mean of 10.6 mg/l. In Group B these values were from
0 to 192 with a mean value of 37 mg/l, and in Group C
from 0 to 192 with a mean of 79.2 mg/l. The serum CRP
levels were normal in 22 patients with acute appendi-
citis. Thus, the false-negative rate of CRP was 12.71 per-
cent. Of the 25 patients with normal appendectomy,
serum CRP levels were slightly elevated in 7 patients. A
false-positive rate of CRP was 4.05 percent. Further,
based on the surgeons’ clinical impression, the diagnosis
was true in 87.28% (N = 151) and false in 12.72% (N =
22) patients. In the present study, the positive predictive
value of the CRP was 94.7%, specificity 72%, sensitivity
85.1%, and accuracy 83.2%.
Similarly, when the WBC count was assessed, Group

A varied from 5.3 to 14.7 (mean 8.8 x109/l), Group B
from 5.0 to 28.0 (mean 12.6 x109/l), and Group C from
5.0 to 28.0 (mean 15.6 x109/l). The false positives were
4.62% and false negatives were 12.72% with a sensitivity
of 85.1% and a specificity of 68%,; the positive predict-
ive value was 94% and the accuracy was calculated to
be 82.6%. The neutrophil percentage in Group A varied
from 54.2 to 88.6 (mean 71.5), in Group B from 56.2
to 94.3 (mean 79.8) and in Group C from 60.7 to 96.6
(mean 84.0). The false positives were 4.62% and false
negatives 17.92% with a sensitivity of 79.1% and the
specificity 68%; the positive predictive value was 93.6%
and the accuracy was calculated to be 77.5%.
The WBC and CRP were elevated in 126 (85.1%) cases

with positive histopathology (Groups B and C). Seven
patients had normal CRP and eight patients had normal
WBC. In 25 patients with negative appendix, 18 had a
normal CRP and 17 had normal WBC; only 5 patients had
both CRP and WBC values increase. Again, in patients in
Groups B and C, 113 (76.35%) had both WBC and CRP
value increase and 9 patients had both values in the nor-
mal range. Combining all three parameters (WBC, CRP
and percentage of neutrophil count) had positive results
by sex

ale Male N %

0 5 25 14.5

2 0 2 1.2

3 11 34 19.7

1 60 91 52,6

7 14 21 12,1

3 90 173 100

8 52 100
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for the appendicitis in 101 (68.24%) patients (Groups B
and C), and only 5 patients had one or more values in the
normal range. In Group A, only five patients had all the
three values increase and 13 patients had one or more
values in the normal range. The combined WBC and CRP
had a sensitivity, specificity, and positive predictive value
of 95.3%, 91.1%, and 95.8%, respectively. While the com-
bined percentage of the neutrophil count and CRP had a
sensitivity, the specificity and positive predictive value of
94.3%, 91.1%, and 95.2%, respectively. Combined all the
three parameters (WBC, CRP, and percentage of neutro-
phil count) gave the sensitivity, and specificity of 95.3%
and 91.9%, respectively. The positive predictive value was
95.3% (Table 2).

Discussion
The positive CRP is more accurate than the WBC and
neutrophil counts and combined together it further
improves diagnostic accuracy [10]. In a double blind
study Asfar et al. (2000) reported a sensitivity and speci-
ficity of CRP as 86.6% and 93.6%, respectively. They con-
cluded that a normal CRP value probably indicates a
normal non-inflamed appendix [14]. It is a more sensi-
tive test than the WBC and neutrophil counts and their
combined usage significantly increases sensitivity and
specificity. Erkassap (2000) in a positive study on 102
patients reported that sensitivity and specificity of the
CRP were 96% and 78%, respectively; the positive pre-
dictive value was 100% [27]. In a retrospective study,
Wu and coworkers (2005) concluded that the combined
usage of the WBC, neutrophil count, and the CRP moni-
toring increased the positive predictive value [28]. Grön-
roos (1999) in his study concluded that when both the
WBC and CRP are normal, acute appendicitis is very un-
likely [29].
In our study, the rate of complicated appendicitis at ad-

mission to the hospital was very high (Table 1). 112 (64.7%)
Table 2 Diagnostic accuracy, sensitivity, specificity, and
positive (PPV) of white blood cell (WBC) count, C-reactive
protein (CRP), percentage of neutrophil (PN) and
combined WBC, CRP and PN in diagnosing acute
appendicitis

Indices of diagnostic values

Diagnostic
method

Diagnostic
accuracy

Sensitivity
(%)

Specificity
(%)

PPV
(%)

CRP 83.2 85.1 72 94.7

WBC 82.6 85.1 68 94

PN 77.5 79.1 68 93.6

CRP + LEU 90.1 92.6 75 95.8

CRP + PN 91.1 94.3 72 95.2

LEU + PN 87.1 89.9 71.4 94.7

CRP + LEU + PN 91.9 95.3 91.9 95.3
patients had a ruptured/perforated/gangrenous appen-
dix. The rate of perforated appendicitis was 12.1%. The
delayed treatment can be attributed to the fact that
most of the rural patients either did not report to the
medical practitioners during the early stages of the dis-
ease or were seen by sought expert medical care only
when complicated. Misdiagnosis by qualified medical
practitioners in rural places delayed the reporting of
patients to surgery, treating them with as gastroenter-
itis, urinary infection, etc. In these regions, the primary
healthcare systems are not well-established; missed
and delayed diagnosis is a major factor in complicating
appendicitis.
According to Shakhatreh (2000), CRP measurement is

very useful in the diagnosis of acute appendicitis, but it
does not replace the clinical judgment of a surgeon [11].
Accuracy of the CRP (83.2%) is not significantly greater
than the WBC (82.6%) and NP (80%). A combination of
these significantly increases the accuracy to 91.9%. An-
derson (2000) in a prospective study on 420 patients
with borderline diagnosis of appendicitis concluded that
the WBC and neutrophil count are the better criteria for
the subsequent examinations [23]. In our study, from
148 patients with acute appendicitis, 22 patients had
CRP and WBC in the normal range (12.72%). Mean
values of the CRP in simple acute appendicitis (Group-
B) were significantly greater than in normal appendix
(Group A) (p <0.001), and also in complicated acute ap-
pendicitis (Group C) the CRP is significantly greater
than in normal appendix and uncomplicated acute ap-
pendicitis (p <0.0001). The WBC and neutrophil per-
centage are also increased in correlation with severity of
inflammation (p >0.05). None of these tests are 100%
diagnostic. The CRP measurement or leukocyte count
by itself is not completely preventive for negative ap-
pendectomy [30]. A study on 200 children showed that
unlike the adult, normal leukocyte and CRP does not
rule out acute appendicitis in pediatric cases [31]. Our
results showed that the most affected age group was 10–
19 years old (50.3%). A significant difference regarding
CRP values as being diagnostic tools of acute appendi-
citis for different age groups and genders was not found.
In our study, the CRP values corresponds to the series

with high percentage of complicated appendicitis, which
is typical for rural hospitals and dysfunctional healthcare
systems. But, the consistence of CRP level with the se-
verity of appendicitis was reported by the other authors
as well [32].
There are in use different clinical classification for the

acute appendicitis [32,33], but, since the correlation of
CRP values with histopathology findings were studied,
we used the classification that combines the gross ap-
pearance of the appendix with pathologic stage [33]. Ac-
tually, the non-surgical initial management of acute
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appendicitis with catarrhalis changes (inflammation
within the mucous membrane), or phlegmonous changes
(inflammation in all layers) has been shown to be safe
and effective [34,35].
Our results and other studies as well [32,36], clearly

suggested that CRP leads to precise prediction of the se-
verity of acute appendicitis. We think that CRP is not
specific test for appendicitis, therefore, before diagnostic
decision and indication for treatment, clinicians must
depend on structural interpretation of their subjective
experience, clinical information and modalities such as
laboratory tests, ultrasonography and computed tomog-
raphy where is available [37,38]. Finally, laboratory tests
combined with imaging diagnostic procedures, remains
the useful tools in establishing the diagnosis of acute ap-
pendicitis and excluding other causes of acute abdominal
pain.

Conclusions
The diagnostic accuracy of the CRP is not significantly
greater than the WBC and NP. The increased value of
the CRP was directly related to the severity of the in-
flammation (p <0.05). The combination of the CRP, the
WBC, and the neutrophil percentage has greater diag-
nostic accuracy in acute appendicitis. This preoperative
combination significantly decreases false positive and
false negative diagnosis, but none of these is 100% diag-
nostic for acute appendicitis.
We found that elevated serum CRP levels support the

surgeon's clinical diagnosis. We recommend CRP meas-
urement as a routine laboratory test in patients with sus-
pected diagnosis of acute appendicitis.
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