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Abstract

BACKGROUND: The early diagnosis of acute abdomen is of great importance. To date,
several inflammatory markers have been used for the diagnosis of acute abdominal conditions,
including acute appendicitis. The aim of this study was to evaluate the diagnostic utility of
D-dimer, Procalcitonin (PCT) and C-reactive protein (CRP) measurements in the acute ap-
pendicitis.

METHODS: This prospective study was conducted between March 1%, 2010 and July I*
201 1. In this period, seventy-eight patients were operated with the diagnosis of acute ap-
pendicitis, and D-dimer, PCT and CRP levels of the patients were measured. The patients
were grouped as phlegmonous appendicitis (Group ), gangrenous appendicitis (Group 2),
perforated appendicitis (Group 3) and negative appendectomy (Group 4) according to the
surgical findings and histopathological results.

RESULTS: Of 78 patients, 54 (69.2 %) were male and 24 (30.8 %) were female, and the mean
age was 25.4 + | |.1 years (range, 18 to 69 years). 66 (84.6 %) patients had increased leukocyte
count (white blood cell count). The PCT values were higher than the upper normal limit in 20
(25.6%) patients, followed by D-dimer in 22 (28.2 %) patients and CRP in 54 (69.2 %) patients.
The diagnostic value of leukocyte count and CRP in acute appendicitis was higher than that of
the other markers, whereas leukocyte count showed very low specificity. CRP values were
higher in perforated appendicitis when compared with the phlegmonous appendicitis
(p<0.05). However, PCT and D-dimer showed lower diagnostic values (26% and 31%, re-
spectively).

CONCLUSION: An increase in CRP levels alone is not sufficient to make the diagnosis of
acute appendicitis. However, CRP levels may differentiate between phlegmonous appendicitis
and perforated appendicitis. Due to their low sensitivity and diagnostic value, PCT and
D-dimer are not better markers than CRP for the diagnosis of acute appendicitis.
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Background conditions are still a challenging problem. To date,
many inflammatory markers have been used for the
diagnosis of acute surgical conditions, including acute
appendicitis. Leukocyte count and C-reactive protein

The early diagnosis of the acute abdomen is a
major goal in surgical practice. Despite the introduc-
tion of novel imaging modalities, acute abdominal
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(CRP) are the most commonly used laboratory tests.
Procalcitonin (PCT) and D-dimer have been studied
as novel biomarkers for the diagnosis of acute abdo-
men in recent years [1].

PCT, inactive precursor of calcitonin, is a 116
amino acid polypeptide glycoprotein with a molecu-
lar weight of 13 kDa [2]. It is found only in the C cells
of the thyroid gland under normal metabolic condi-
tions. Assicot has first reported the increased PCT
levels in patients with bacterial and fungal infections
and sepsis [3]. Thereafter, many studies have con-
firmed that PCT is a biomarker of inflammatory host
response to microbial infections and increased in sur-
gical pathologies such as ileus and pancreatitis [4,5].
There is also a proportional increase in PCT levels
with the severity of the infection.

D-dimer is a degradation product of fibrin dis-
solution. Local fibrin formation and lysis are common
events during inflammatory response. In general, the
elevation of D-dimer levels is not a specific response.
It is most commonly used in the diagnosis of venous
thromboembolism and pulmonary embolism. Re-
cently, D-dimer has also been used as a diagnostic
marker in the acute abdomen.

CRP was first identified in 1930 by Tillet and
Francis. It is a non-specific acute phase reactant [6]
and mainly stimulates the cell-mediated immunity
and chemotaxis in inflammation. CRP levels increase
in acute appendicitis in relation with the severity of
infection [7,8].

The aim of this prospective study was to evalu-
ate the diagnostic value of D-dimer, PCT and CRP
measurements in the acute appendicitis.

Methods

This prospective study enrolled 78 consecutive
patients who were operated with the diagnosis of
acute appendicitis between March 1st, 2010 and July
1st, 2011. The informed consent of the patients was
obtained. The study was conducted in accordance
with the Helsinki Declaration. The patients using
warfarin or heparin, with a pregnancy, and under
antibiotherapy were excluded from the study. The
diagnosis of acute appendicitis was established based
on the clinical findings of acute abdomen, routine
laboratory tests and abdominal ultrasonography or
computed tomography.

Blood samples were taken immediately after
admission for measuring PCT, D-dimer and CRP lev-
els. PCT levels were measured by a PCT kit
(VIDAS®BRAHMS PCT- France). A PCT level of
>0.05 ng/ml was considered abnormal. D-dimer lev-
els were measured by Stratus® CS Acute Care ™
D-dimer method. It is a two-site sandwich assay

based upon solid phase Radial Partition Immunoas-
say (RPIA) technology. The normal range of D-dimer
levels is between 0 and 600 ng/ml. CRP levels were
measured by a nephelometric method. The normal
range of CRP levels is between 0 and 0.8 mg/dl. PCT,
D-dimer and CRP levels were compared between the
patients in the study. Leukocyte count was also stud-
ied as a non-specific marker of the inflammation. The
normal range of leukocyte count is between 4.6 and
10.2 K/uL.

All appendectomies were performed by conven-
tional surgery and the specimens were sent for rou-
tine histopathological examination. The patients were
grouped as phlegmonous appendicitis (Group 1),
gangrenous appendicitis (Group 2), perforated ap-
pendicitis (Group 3) and negative appendectomy
(Group 4) according to the surgical findings and his-
topathological results.

Statistical Evaluations

The data were presented as mean + SEM (stand-
ard error of mean) or median and interquartile range.
The clinical and demographic variables were com-
pared using the student-t test for continuous variables
with a normal distribution, the Wilcoxon rank sum
test for nonparametric variables and the chi-square
test (or Fisher's exact test) for categorical variables.

Results

Of 78 patients, 54 (69.2 %) were male and 24 (30.8
%) were female, and the mean age was 254 + 11.1
years (range, 18 to 69 years). The most common
symptom was abdominal pain with an occurrence in
64 (82%) patients. Right lower quadrant tenderness
was the most common sign with an occurrence in 71
patients, followed by rebound tenderness in 64 pa-
tients and defense during physical examination in 19
patients. The demographic findings are shown in
(Table 1). There were 47 patients (60.3 %) with
phlegmonous appendicitis (Group 1), 19 patients
(24.3%) with gangrenous appendicitis (Group 2), 8
patients (10.2 %) with perforated appendicitis (Group
3) and 4 patients (5.2 %) with normal appendix
(Group 4) 66 (84.6 %) patients had increased leukocyte
count. The PCT values were higher than the upper
normal limit in 20 (25.6%) patients, followed by
D-dimer in 22 (28.2 %) patients and CRP in 54 (69.2 %)
patients. The mean values for leukocyte, PCT,
D-dimer and CRP are shown in (Table 2).

CRP levels were increased in all patients with
perforated appendicitis. The mean age and duration
of pain were statistically higher in perforated appen-
dicitis (Group 3) when compared with the phleg-
monous, uncomplicated appendicitis (Group 1)
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(p<0.05). PCT and CRP levels were also higher in
perforated group (p<0.05) (Table 3). CRP levels were
found to be significantly different between the
phlegmonous group and the perforated group
(p<0.05). The ROC curve for PCT (with a cut off value
of 0.05 ng/ml) was not helpful for differentiating
between phlegmonous and negative appendicitis
(p>0.05). In addition, D-dimer (with a cut off value of
600 ng/ml) was also not helpful for differentiating
between phlegmonous and negative appendicitis
(p>0.05). However, CRP (with cut off value of
0.8mg/ml) was found to be helpful for differentiating
between phlegmonous and negative appendicitis

(p<0.05). Sensitivity, specificity, positive and negative
predictive values and diagnostic value of inflamma-
tory markers are shown in Table 4 and Figures 1 and
2. Accordingly, leukocyte count and CRP showed the
highest diagnostic value.

However, leukocyte count showed a very low
specificity, and the diagnostic value of PCT and
D-dimer were found to be very low (26% and 31%,
respectively) for detecting acute appendicitis. ROC
curves of the diagnostic value of PCT, D-dimer and
CRP in differentiating between phlegmonous and
perforated appendicitis were shown in Figures 3, 4
and 5.

Table 1. General characteristics of patients operated with the diagnosis of acute appendicitis.

Phlegmonous Gangrenous Perforated Negative
Appendicitis (n=47) Appendicitis (n=19) Appendicitis (n=8) Appendectomy (n=4)

Age (year) 24+1 25+2 3746 2247
Sex
Female 17 3 1
Male 30 16 7
Physical examination
Tenderness in RLQ 42 17 8 4
Rebound tenderness 37 16 8 3
Defense 8 7 -
Duration of abdominal pain (day)
>1 day 3 5
<1day 44 14
Table 2. Laboratory values of WBC, D-Dimer, PCT and CRP.

Phlegmonous Appendicitis ~ Gangrenous Appendicitis Perforated Appendicitis =~ Negative Appendectomy

(n=47) (n=19) (n=8) (n=4)
WBC (4.6-10.2 K/uL)  13.5+0.5 14.3+0.6 17.4+1.3 11.84¢1.1
Normal 10 1 0 1
High 37 18 8 3
D-dimer (0-600 ng/ml) 424469 7224258 13454605 4954319
Normal 36 13 4 3
High 11 6 4 1
PCT (<0.05 ng/ml) 0.29+1.8 0.49+1.4 3.55+8.81 0.04+0.02
Normal 41 11 4 2
High 6 8 4 2
CRP (<0.8 mg/dl) 6.84+10.5 57.14+105.7 33.45+64.5 3.54+6.37
Normal 18 3 0 3
High 29 16 8 1
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Table 3. Comparison of phlegmonous and perforated appendicitis.

Phlegmonous Appendicitis (n=47) Perforated Appendicitis (n=8) P value
WBC (4.6-10.2 K/uL) 13.5£0.5 174413 0.01*
Normal 10 0
High 37 8
D-dimer (0-600 ng/m1l) 424+69 1345+605 0.2%
Normal 36 4
High 11 4
PCT (<0.05 ng/ml) 0.49+1.4 3.55+8.81 0.03*
Normal 41 4
High 6 4
CRP (<0.8 mgy/dl) 6.84+10.5 33.45+64.5 0.04*
Normal 18 0
High 29 8
Table 4. PPV, NPV and DV of inflammatory markers in acute appendicitis.
Laboratory results PPV NPV DV
WBC (>10.2 K/ul) 0.95 0.08 0.82
D-Dimer (>600 ng/ml) 0.95 0.05 0.31
PCT (>0.05 ng/ml) 0.90 0.03 0.26
CRP (>0.8 mg/dl) 0.98 0.13 0.72
*PPV: Positive predictive value, NPV: Negative predictive value, DV: Diagnostic value
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Figure 5. Comparison of phlegmenous and perforated group
ROC curve for D-dimer (cut of value<=393).

Discussion

Despite the introduction of novel diagnostic
tools in recent years, the diagnosis of appendicitis is
still an important problem. Acute appendicitis may be
associated with the perforation and serious complica-
tions. Misdiagnosis of acute appendicitis can result in
unnecessary laparotomies. A 9 to 20% negative ap-
pendectomy rate has been reported in literature
[9,10,11].

Leukocyte count and CRP are the most fre-
quently used laboratory tests for diagnosis of acute

appendicitis. They are easily implemented in routine
practice and have an advantage of cost effectiveness,
but their sensitivity and specificity are limited [12].
Although it was not the major objective of this study,
the sensitivity and specificity of leukocyte count were
found to be 85% and 25%, respectively. The low spec-
ificity value of leukocyte count seems to be an im-
portant problem. Many inflammatory markers, in-
cluding phospholipase A2, serum amyloid A, inter-
leukins and cytokines have been used to increase di-
agnostic accuracy in acute appendicitis [13,14,15].
PCT and D-dimer are new inflammatory markers,
which are increased in septic conditions and also used
in diagnosing acute appendicitis. It was postulated
that PCT might be a better marker for bacterial sepsis
[16]. Sand M et al studied the diagnostic value of PCT
in acute appendicitis [17]. They were concluded that
PCT was specially increased in patients with appen-
diceal perforation and gangrenous appendicitis. But it
has a very low sensitivity, which prohibits its routine
use for the diagnosis of acute appendicitis. Kouame
DB has also reported similar results and stated that
PCT had a sensitivity of 28% in acute appendicitis
[18]. In our study, the sensitivity and specificity, and
the diagnostic value of PCT were 24 %, 50 %, and 26
%, respectively. These results showed that PCT was
not a useful marker for the diagnosis of the acute ap-
pendicitis.

On the other hand, this study also demonstrated
that PCT was significantly increased in patients with
perforated appendicitis. PCT level was statistically
higher in Group 3 (perforated appendicitis) when
compared to Group 1 (phlegmonous appendicitis)
(p<0.05).

PCT levels have been found to be lower in acute
appendicitis compared to the other bacterial infec-
tions. In addition, it was claimed that uncomplicated
appendicitis does not cause significant bacterial
translocation [19], which may explain the low levels of
PCT in uncomplicated, phlegmonous appendicitis.

D-dimer is the degradation product of fibrin
dissolution. D-dimer levels may be increased in many
conditions, including venous thromboembolism,
acute coronary syndromes, trauma, and malignancies
[20-24]. In recent years, D-dimer has been investigated
in terms of acute abdominal conditions. Kurt Y et al
[25] studied the diagnostic value of D-dimer for acute
mesenteric ischemia in rats. They stated that D-dimer
may be a valuable diagnostic tool in acute mesenteric
ischemia. On the other hand, the results of other clin-
ical studies on different acute abdominal conditions
including acute appendicitis are controversial. Aky-
ildiz HK et al [26] studied the D-dimer in
non-traumatic acute abdominal conditions. In their
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study, the sensitivity of D-dimer test in patients
needing urgent laparotomy was found as 95.7%. The
sensitivity of leukocyte count was 74.8 % in the same
patients. They concluded that D-dimer can be an al-
ternative to leukocyte count in diagnosing the acute
abdomen. In addition, the sensitivity of D-dimer was
estimated to be 29 % in our study. Mentes O et al [27]
have reported the similar results for the diagnostic
value of D-dimer. We found that specificity of
D-dimer test in acute appendicitis was relatively
higher (about 75%). But similarly with PCT, the di-
agnostic value of D-dimer was very low (31%) in the
acute appendicitis. We think that the low sensitivity
and diagnostic value of D-dimer is an important hin-
drance for its routine use as a diagnostic marker in
acute appendicitis. CRP is often used to guide the
clinical evaluation of the acute appendicitis. It is an
acute phase reactant that synthesized in liver in re-
sponse to the tissue injury. The measurement of CRP
is practical, easily applicable and cost effective. The
previous studies have demonstrated a sensitivity of 40
to 94% and a specificity of 38 to 87 % for CRP meas-
urement [28-30]. In this study, the sensitivity of CRP
measurement was found to be 72 % and the specificity
was 75 %. Hallan S reported in a meta-analysis that
CRP had moderate accuracy in diagnosing acute ap-
pendicitis [31]. When compared to other two inflam-
matory markers (PCT and D-dimer), CRP was found
to have higher sensitivity and diagnostic accuracy for
the acute appendicitis. Some authors have claimed
that CRP could predict the severity of appendicitis
and perforation [32-33]. We have also obtain similar
results showing that CRP levels were significantly
higher in perforated appendicitis cases than
non-perforated cases (p<0.05).

Conclusion

Although this study has some limitations, such
as having a small sample size for negative appendici-
tis, we can conclude that CRP seems to be a useful
marker in the evaluation of acute appendicitis. In ad-
dition, CRP levels are increased proportionally with
severity of appendiceal inflammation. But an increase
in CRP levels alone is not sufficient to make the deci-
sion of the surgical intervention in the acute appendi-
citis. Despite the increase in the other inflammatory
markers, PCT and D-dimer, in the acute appendicitis,
the diagnostic value of CRP is higher than these two
markers for the acute appendicitis. Future studies
with larger sample size would be beneficial to evalu-
ate the role of PCT, D-dimer and CRP in the acute
appendicitis.
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