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ABSTRACT 
  
OBJECTIVE: Despite substantial advances in diagnostic assessments of patients with infectious and 
inflammatory diseases, the role of these evaluations is still unclear in patients with acute appendicitis. 
Comparing the role of different laboratory tests in diagnosis of acute appendicitis may help to find a more 
accurate diagnostic protocol in these patients.  
METHODS: This prospective study evaluates the diagnostic accuracy of 3 serum inflammatory markers 
(leukocytosis, C-reactive protein, procalcitonin), individually and in combination with each other and Alvarado 
score in 50 patients with normal appendix and 70 patients with acute appendicitis (according to their 
histopathology report).  
RESULTS: Maximum diagnostic accuracy (84.16%) was seen in Alvarado ≥7, individually. Alvarado ≥5 had 
70% accuracy in diagnosing the acute appendicitis individually but Alvarado ≥5 in combination with 
procalcitonin level >0.05ng/dl had an accuracy rate of 80% and the maximum negative predictive value 
(93.33%). Combination of three inflammatory markers showed an accuracy of 75.83%. Leukocytosis, C-
reactive protein and procalcitonin had the accuracy rates of 64.16%, 70% and 75.83% respectively. Highest 
sensitivity (97.14%) was seen in combination of Alvarado ≥5 and procalcitonin/C-reactive protein. Alvarado 
score ≥7 had the highest specificity (79.5%).  
CONCLUSION: In patients with Alvarado score ≥7, further laboratory assessments may be obviated. In 
patients with Alvarado score ≥5, measuring the procalcitonin level may help the physician to rule in or rule out 
the acute appendicitis. Among the three studied inflammatory markers, serum procalcitonin level had the 
highest accuracy.  
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INTRODUCTION 
Despite substantial advances in laboratory 
evaluation of patients with acute appendicitis, 
the practical role of these studies is unclear and 
negative appendectomy has still a rate of more 
than 10% in most studies (both in children and 
adults) (1-3). Currently, laboratory tests are used 
as adjuncts to clinical and/or radiological 

assessments in patients with unusual 
presentation. Beside some traditional tests 
commonly used in assessing the patients with 
right lower quadrant pain (like complete blood 
count), some new tests are also introduced in 
recent years to improve the diagnostic accuracy 
of laboratory studies in patients suspicious to 
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acute appendicitis. Procalcitonin and C-reactive 
protein (CRP) are two examples of these 
relatively novel tests.  
CRP is an acute phase reactant protein made by 
hepatocytes and raised within 6 to 8 hours after 
beginning of an infectious/inflammatory process 
including acute appendicitis (4). Although some 
studies have shown that CRP levels increase 
parallel to the severity of acute appendicitis as 
very high levels of CRP may be an indicator of 
perforation, gangrene or abscess (5,6), its 
diagnostic sensitivity and specificity for acute 
appendicitis differs from 40% to 94% and 38 to 
87%, in different studies (7,8). PCT is a 
glycoprotein which is found only in the thyroid 
gland under normal conditions as inactive 
precursor of calcitonin but enters the blood and 
rises in proportion with the severity of the 
infection during the inflammatory responses to 
microbial infections and some other 
inflammatory responses (9-11).  
Diagnostic role of CRP and procalcitonin has 
been evaluated in different studies recently but 
the results are conflicting and most of them are 
focused on each test individually. We conducted 
a prospective multi-center study to evaluate the 
accuracy of a combination of serum 
inflammatory markers including procalcitonin, 
C-reactive protein and leukocytosis in diagnosis 
of acute appendicitis both individually and in 
combination with each other and Alvarado score 
(as an indicator of clinical findings). Our 
diagnostic gold standard was histopathology 
report on specimens obtained during open 
appendectomy.  
 
METHODS  
Study design and setting  
This prospective multi-center study was 
conducted in 3 referral teaching hospitals with 
annual emergency department visits between 
40,000-70,000. Institutional ethics committee 
(faculty of medicine, Iran University of Medical 
Sciences) approved our study which was carried 
out in accordance with Declaration of Helsinki 
(1989). Informed written consent was obtained 
from all patients or their legal guardians. We 

enrolled cases between December 2013 and 
November 2014, conveniently. 
Participants  
Patients at any age with primary diagnostic 
impression of acute appendicitis (according to 
history and physical examination) were eligible 
to participate in study. We excluded pregnant 
women; patients with any other known 
infectious or inflammatory condition which 
would raise the serum inflammatory markers 
(including patients under antibiotic therapy); 
patients who had alcohol or substance addiction; 
patients with histopathology report other than 
acute appendicitis; patients with previous history 
of appendectomy and patients who left the 
hospital before surgery. 
Intervention 
History taking and physical examination were 
done by on duty emergency physician. Oral 
temperature >37.8°C was defined as fever. In 
doubtful cases, the physical examination was 
rechecked with a general surgeon. Results of 
clinical assessments were documented by a 
research assistant.  
Venous blood samples were immediately taken 
for measuring procalcitonin level, CRP level and 
white blood cell count (WBC). White blood 
cells were counted by the Hematology Analyzer 
HARIBA ABX Micros 60 (manufactured by 
HORIBA ABX SAS, USA). WBC count 
>10,000 cells/ µL was defined as leukocytosis. 
The neutrophils percentage >75% was 
considered elevated. Procalcitonin level was 
measured by B.R.A.H.M.S PCT kit (from 
B.R.A.H.M.S Diagnostica, Berlin, Germany). 
CRP level was calculated by latex agglutination 
test using Agappe SeroCHEK (manufactured by 
AGAPPE Hills, India). Serum procalcitonin 
>0.5 ng/ml and CRP levels >1 mg/dl were 
considered abnormally high.  
Other laboratory and radiological investigations 
were done for each patient according to 
diagnostic strategies scheduled by on duty 
physician.  
Patients were followed up and those undergoing 
open appendectomy were included. The 
diagnosis of appendicitis was confirmed by the 
presence of the histological evidence of 
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appendicitis. Clinical and laboratory findings 
were compared in 2 groups of patients (based on 
their histological diagnosis): 50 patients with 
normal appendix, 70 patients with acute 
appendicitis.  
 
Data Analysis 
Descriptive data are reported as mean (±standard 
deviation), maximum and minimum. Categorical 
data are presented with percentages and 95% 
confidence intervals. Continuous variables with 
a normal distribution are compared with 
student’s t-test. Chi-square test is used for 
comparing categorical variables. Sensitivity, 
specificity, positive and negative predictive 
values of inflammatory markers (procalcitonin, 
CRP, WBC count) are calculated individually 
and in combination with each other and with 
clinical findings. We used Alvarado scores of 5 
and 7 as cut off points because according to 
previous systematic reviews Alvarado score is a 
useful diagnostic tool to rule out the appendicitis 
for all patient groups at a cut point of 5 and to 
rule in it at cut point of 7 (12). All data analyses 
are performed with SPSS version 18 (SPSS, 
Inc., Chicago, IL).  
 
RESULTS  
161 patients were assessed for eligibility. 5 
pregnant woman, 6 patients with other known 
infectious condition (1 acute sinusitis, 3 pelvic 
inflammatory disease, 1 urinary tract infection, 1 
pharyngitis), 3 patients with opium/substance 
addiction, 8 patients with final diagnosis other 
than acute appendicitis (6 ruptured ovarian cyst, 
1 ovarian torsion, 1 colon mass with partial 
obstruction), 6 patients with previous history of 
appendectomy, 5 patients who left the hospital 
before surgery and 8 patients who refused to 
participate in study were excluded. 120 patients 
were included and analyzed.  
 
Baseline data  
Mean age of patients was 24.76 (±6.75) years 
old with a minimum of 15 and maximum of 56 
years old. 15 (12.5%) of patients were <18 years 
old. 1 (0.8%) of patients was above 40 years old. 

41 (34.2%) of patients were female and 79 
(65.8%) were male.  
All patients were admitted in ED with complaint 
of right lower quadrant pain. 90 (75%) of 
patients had reported a shifting pain. The most 
common complaints after abdominal pain were 
anorexia and nausea/vomiting which were seen 
respectively in 105 (87.5%) and 92 (76.7%) 
patients. 4 (3.3%) of patients had a history of 
previous pelvic surgery. 3 (2.4%) had a history 
of previous cesarean section. 1 (0.8%) of 
patients had type I diabetes mellitus. 1 (0.8%) 
had a history of epilepsy. 3 (2.4%) had a history 
of previous renal colic. No other significant past 
medical history was documented. 
The most common findings in physical 
examination of patients were right lower 
quadrant tenderness and rebound tenderness 
which respectively seen in 116 (96.7%) and 92 
(76.7%) of patients. Guarding was seen in 10 
(8.3%) patients. Rovsing’s, obturator, psoas and 
Dunphy’s (cough) signs were seen respectively 
in 48 (40.0%), 40 (33.3%), 26 (21.6%) and 37 
(30.8%) patients. Fever was documented in 43 
(35.8%) of patients. Other basic findings are 
summarized in table 1. Main results on 
laboratory tests and their diagnostic value is 
summarized in tables 2 and 3.  

 
DISCUSSION  
Our study showed that serum inflammatory 
markers have accuracies between 64% and 75% 
in diagnosing the acute appendicitis. Among the 
three markers evaluated in this study, 
procalcitonin had the highest sensitivity, 
specificity, positive and negative predictive 
values. Leukocytosis (which has also 2 scores in 
Alvarado system) has a positive predictive value 
of 74%. This means that the presence of 
leukocytosis can guide the physician to the 
diagnosis of acute appendicitis but its absence 
has limited role in ruling it out. CRP is a more 
sensitive test than leukocytosis with more value 
in ruling out the appendicitis but its overall 
accuracy is still 70% which shows that CRP 
level can help acute care physicians to know that 
an active infectious/inflammatory process like 
acute appendicitis exists currently in the body 
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but it can’t be used singly in final disposition of 
patients. Procalcitonin is used commonly in 
detecting the bacterial infections in different 
groups of patients. It showed 80% sensitivity 
and 83% positive predictive value in diagnosing 
the acute appendicitis in our study but its 
negative predictive value was as low as 67%. 
This means that the role of high serum 
procalcitonin level in ruling in the appendicitis is 
more accurate than the role of low calcitonin 
level in ruling it out.  
Combining the CRP with leukocytosis or 
procalcitonin level could not significantly 
increase the accuracy of tests. Combination of 
leukocytosis and procalcitonin had also 
increased the accuracy of procalcitonin test as 
low as 2%. This is while the combination of 
triple serum inflammatory markers had the 
accuracy equal to procalcitonin but with a 
notably higher sensitivity (93%) and negative 
predictive value (88%).  
We used the results of systematic review by 
Ohle et al and chose the Alvarado scores of 5 
and 7 as the cut off points in assessing the 
diagnostic value of Alvarado score which 
consists both the clinical findings and two 
laboratory ones (leukocytosis and neutrophil 
dominancy). According to our results Alvarado 
≥7 had the highest overall diagnostic accuracy 
(84%) in diagnosing the acute appendicitis and 
its sensitivity and positive and negative 
predictive value were all above 80%. This 
means that in patients with Alvarado ≥7, further 
laboratory and radiological assessments can 
increase the accuracy of decision just by 16%. 
Alavarado ≥5 was a sensitive measure but its 
overall accuracy was 70%. Adding the CRP to 
Alvarado ≥5 increased its accuracy to 71% but 
joining the procalcitoin level to Alvarado ≥5 
could increase the overall accuracy to 80%. 
These findings show that in patients with 
Alvarado ≥7 measuring the more inflammatory 
serum marker levels do not help surgeons 
significantly but measuring the procalcitonin 
level in patients with Alvarado ≥5 can more 
clarify the situation and lead to more accurate 
patient dispositions.  

Our results about the leukocytosis and CRP are 
against the results of some other studies which 
show 100% specificity and positive predictive 
value for the combination of leukocytosis and 
CRP in diagnosing the acute appendicitis (13) 
and suggest that patients with right lower 
quadrant abdominal pain can be safely 
discharged home from emergency department if 
they have normal WBC count and CRP level 
(14). We found that the increase in CRP levels 
with or without leukocytosis is not adequate to 
make the diagnosis of acute appendicitis and this 
is similar to the findings of studies which show 
that although CRP level may differentiate 
between complicated (perforated, phlegmonous, 
abscessed) and non-complicated appendicitis but 
it can’t be used solely in diagnosing the acute 
appendicitis (15-17).  
Our results about procalcitonin alone and in 
combination with other inflammatory markers 
also show that theses markers have not enough 
sensitivity and diagnostic value to diagnose the 
acute appendicitis accurately. These findings are 
compatible with the findings of the studies 
which showed that not CRP nor PCT or D-dimer 
are good markers for the diagnosis of acute 
appendicitis (18-19) or the results of Vaziri et al 
which showed that routine procalcitonin 
measurement as a diagnostic test for adult 
patients with acute appendicitis is not cost 
effective and conclusive and procalcitonin is 
more a prognostic marker of infectious 
complications than a diagnostic laboratory test 
(20).  
 
Limitations  
We focused on three serum inflammatory 
markers in our study but there are also other 
laboratory tests (like serum bilirubin level) (21) 
that are proposed to be done in patients 
suspicious to acute appendicitis. We used 
Alvarado scoring system as a measure of 
patient’s clinical condition, but other studies 
may be conducted with more focused approach 
to determining the diagnostic value of different 
combinations of clinical and laboratory 
parameters. We did not gather the data on the 
time lag between onset of the patient’s 
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symptoms and measurement of markers level 
and the time of surgery. Unfortunately we also 
did not compare the inflammatory serum marker 
levels in patients with complicated and non-
complicated appendicitis. Neglecting the role of 
radiological assessments and repeat blood 
testing in diagnosing the acute appendicitis in 
studied patients is also a weakness in our study.  
 
CONCLUSION 
In patients with Alvarado score ≥7, further 
laboratory assessments may be obviated. In 
patients with Alvarado score ≥5, measuring the 
procalcitonin level may help the physician to 
rule in or rule out the acute appendicitis. Among 
the three studied inflammatory markers, serum 
procalcitonin level had the highest accuracy in 
diagnosis of acute appendicitis.  
 
Conflict of interest statement 
The authors have no conflict of interest. 
 
REFERENCES  
1. Seetahal SA, Bolorunduro OB, Sookdeo TC, 

Oyetunji TA, Greene WR, Frederick W, et 
al. Negative appendectomy: a 10-year 
review of a nationally representative sample. 
Am J Surg 2011;201(4):433-37. 

2. Graff L, Russell J, Seashore J, Tate J, Elwell 
A, Prete M, et al. False-negative and false-
positive errors in abdominal pain evaluation: 
failure to diagnose acute appendicitis and 
unnecessary surgery. Acad Emerg Med 
2000;7(11):1244-55. 

3. Oyetunji TA, Onguti SK, Bolorunduro OB, 
Cornwell EE, Nwomeh BC. Pediatric 
negative appendectomy rate: trend, 
predictors, and differentials. J Surg Res 
2012;173(1):16-20. 

4. Shakhatreh HS. The accuracy of C-reactive 
protein in the diagnosis of acute appendicitis 
compared with that of clinical diagnosis. 
Med Arh 2000;54:109–10. 

5. Al-Saigh AH. C-reactive protein in the 
differential diagnosis of the acute abdomen, 
especially acute appendicitis. J R Coll Surg 
Edinb 1992;37:238–40.  

6. Erkasap S, Ates E, Ustuner Z, Sahin A, 
Yilmaz S, et al. Diagnostic value of 
interleukin-6 and C-reactive protein in acute 
appendicitis. Swiss Surg 2000;6:169–72. 

7. Yang HR, Wang YC, Chung PK, Chen WK, 
Jeng LB, Chen RJ. Role of leukocyte count, 
neutrophil percentage, and C-reactive 
protein in the diagnosis of acute appendicitis 
in the elderly. Am Surg 2005;71:344–7.  

8. De Carvalho BR, Diogo-Filho A, Fernandes 
C, Barra CB. Leukocyte count, C reactive 
protein, alpha-1 acid glycoprotein and 
erythrocyte sedimentation rate in acute 
appendicitis. Arq Gastroenterol 
2003;40(1):25-30.  

9. Maruna P, Frasko R, Gürlich R. Plasma 
procalcitonin in patients with ileus. 
Relations to other inflammatory parameters. 
Physiol Res 2008;57:481–6.  

10. Markogiannakis H, Memos N, Messaris E, 
Dardamanis D, Larentzakis A, Papanikolaou 
D, et al. Predictive value of procalcitonin for 
bowel ischemia and necrosis in bowel 
obstruction. Surgery 2011;149(3):394–403. 

11. Bayona ON, Fernández López A, Luaces 
Cubells C. Procalcitonin: a new diagnostic 
tool in bacterial infections. Medicina Clinica 
2002; 119(18):707–714. 

12. Ohle R, Reilly F, Brien K, Fahey T, 
Dimitrov B. The Alvarado score for 
predicting acute appendicitis: a systematic 
review. BMC Medicine 2011, 9:139.  

13. Kumar R V, Kumar R M, Pradeep Kumar N 
S, Ananthakrishnan N. Diagnostic value of 
C-reactive protein in suspected acute 
appendicitis - A prospective case control 
study. Indian J Med Sci 2011;65:399-405 

14. Sengupta A,  Bax G,  Paterson-Brown S. 
White Cell Count and C-Reactive Protein 
Measurement in Patients with Possible 
Appendicitis. Ann R Coll Surg Engl 
2009;91(2):113–115.  

15. Jangjoo A, Varasteh AR, Bahar MM, 
Meibodi NT, Aliakbarian M, Hoseininejad 
M, et al. Is C-reactive protein helpful for 
early diagnosis of acute appendicitis? Acta 
Chir Belg 2011;111(4):219-22. 



Seyyed Hossein Shaker, et al.                                                                                                                513 

16. Kharbanda AB,  Cosme Y, Liu K, Spitalnik 
SL, Dayan PS. Discriminative Accuracy of 
Novel and Traditional Biomarkers in 
Children with Suspected Appendicitis 
Adjusted for Duration of Abdominal Pain. 
Acad Emerg Med 2011;18(6):567–574.  

17. Vaughan-Shaw PG,  Rees JR,  Bell E,  
Hamdan M,  Platt T. Normal inflammatory 
markers in appendicitis: evidence from two 
independent cohort studies. JRSM Short Rep 
2011;2(5):43. 

18. Kaya B, Sana B, Eris C, Karabulut K, Bat O, 
Kutanis R. The Diagnostic Value of D-
dimer, Procalcitonin and CRP in Acute 
Appendicitis. Int J Med Sci 2012;9(10):909-
915.  

19. Andersson RE. Meta-analysis of the clinical 
and laboratory diagnosis of appendicitis. Br 
J Surg 2004;91:28–37. 

20. Vaziri M, Ehsanipour F, Pazouki A, 
Tamannaie Z, Taghavi R, Pishgahroudsari 
M, et al.Evaluation of procalcitonin as a 
biomarker of diagnosis, severity and 
postoperative complications in adult patients 
with acute appendicitis. Med J I slam Repub 
Iran 2014;2 8:50-58.  

21. Giordano S, Paakkonen M, Salminen P, 
Gronroos JM. Elevated serum bilirubin in 
assessing the likelihood of perforation in 
acute appendicitis: a diagnostic meta-
analysis. Int J Surg 2013;11(9):795-800.  

 
 

Table 1. Basic findings in studied patients  
 

Variable Minimum Maximum Mean (±SD) 

Vital signs  

Oral temperature, °C  

Systolic Blood Pressure, mmHg 

Diastolic Blood Pressure, mmHg 

Heart Rate, beat per minute  

Respiratory Rate, respiration per minute  

 

36.50 

110 

70 

78 

12 

 

39.40 

130 

90 

84 

16 

 

37.6 (0.6) 

119.17 (±8.46) 

78.8 (± 6.2) 

78.9 (6.7) 

14.4 (±1.2) 

Arterial Oxygen Saturation, (%) 96 98 97.2(±0.7) 

Laboratory tests 

Hemoglobin  

White blood cell 

Platelet  

Blood urea nitrogen 

Creatinine  

Sodium 

Potassium 

Blood sugar 

C-reactive protein  

Procalcitonin  

 

10.7 

7400 

150,000 

12 

1 

129 

4 

90 

0.02 

0.001 

 

16.4 

26000 

310,000 

25 

1.7 

135 

4.9 

210 

262 

7.08 

 

13.3(±1.2) 

15203.8(±3450.1) 

204.7(±47.46) 

17.9(±4.4) 

1.2(±0.2) 

132.0(±1.7) 

4.1(±0.2) 

130.7(±37.1) 

31.6(±40.5) 

0.46(±0.9) 

 
Table 2. Comparison of laboratory test results in patients with normal appendix and appendicitis  

Variable 
Normal appendix group 

(n=50), Mean (±SD) 

Acute appendicitis  group 

(n=70), Mean (±SD) 
P value  

Procalcitonin  

C-reactive protein  

0.04 (±0.01) 

10.64 (±8.43) 

0.59 (±0.95) 

46.73 (±46.52) 

0.00 

0.01 



Seyyed Hossein Shaker, et al.                                                                                                                514 

White blood cell 

Neutrophil percentage 

Hemoglobin 

Platelet 

Blood urea nitrogen 

Creatinine   

Sodium 

Potassium 

Blood sugar 

9971.20 (±2692.98) 

63.30 (±8.64) 

12.65 (±0.81) 

198.31 (±53.51) 

18.12 (±5.11) 

1.18 (±0.25) 

132.06 (±1.84) 

4.11 (±0.13) 

118.25 (±29.60) 

12330.71 (±3926.99) 

78.77 (±8.49) 

12.42 (±1.29) 

204.69 (±46.66) 

17.94 (±4.31) 

1.23 (±0.26) 

132.04 (±1.78) 

4.17 (±0.17) 

132.72 (±37.90) 

0.00 

0.00 

0.92 

0.49 

0.33 

0.47 

0.87 

0.14 

0.15 

 
 

Table 3. Diagnostic values of serum inflammatory markers individually and in combination with Alvarado 
score 

Overall 

accuracy  (%)    
NPV (%) PPV (%) Specificity (%) Sensitivity (%) Test variable 

64.16  55.38  74.54  72  58.57  Leukocytosis  

70  66.66  71.79  56  78.78  CRP 

75.83  67.24  83.87  79.59  80  Procalcitonin  

70  76.92  68.08  50  82.42  Leukocytosis+CRP 

70.83  71.42  70.58  50  85.71  CRP+Procalcitonin 

77.5  82.85  75.29  58  88.88  Leukocytosis+Procalcitonin 

75.83  88.23  71.76  55  93  Leukocytosis+CRP+Procalcitonin 

84.16 82.97 84.93 78 88.57 Alvarado ≥ 7 

70 70.58 69.76 48 85.71 Alvarado ≥ 5 

80 93.33 75.55 56 97.14 (Alvarado ≥ 5)+Procalcitonin 

71.66 90 68 36 97.14 (Alvarado ≥ 5)+CRP 

  
 
 


