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ABSTRACT

Objective: To analyze the value of C-reactive protein
(CRP), total white blood cell count (WBC), and
neutrophil percentage in the diagnosis of suspected cases
of childhood appendicitis.

Methods: Prospective study of 216 patients admitted
with a history of suspected acute appendicitis, between
October 2001 through to May 2002, Al Fateh Teaching
Hospital for Children, Benghazi, Libya. Blood samples
for estimation of CRP, total WBC and neutrophil
percentage were sent immediately to the laboratory.
Sensitivity, specificity, positive predictive and negative
predictive values were calculated, for each test and in
combination.

Results: There were 139 male and 77 female patients,
the age range was 3-13-years, 135 patients were operated.

Those who had appendicitis, we had 114 patients with
positive CRP values of more than (8 microgram/ml), and
109 patients had total WBC count of more than
(11,000/microL), and 111 patients with neutrophil
percentage more of than 75%. One hundred and twelve
patients out of 130 with appendicitis had the triple tests
positive, and only 8 out of 86 patients without
appendicitis had the triple tests positive. The sensitivity,
specificity, positive and negative predictive values of the
3 tests in combination were 86%, 90.7%,93% 81.2%.

Conclusion: Evaluation of the clinical symptoms and
signs combined with the triple tests can improve the

diagnostic accuracy and significantly reduce the
incidence of perforation and the rate of negative
laparotomy.
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Acute appendicitis is a common clinical problem
in the pediatric age group, accurate and prompt
diagnosis is essential and indispensable, it requires
timely surgery, delay in the diagnosis and
therapeutic decision making are continuing
dilemmas leading to a high morbidity and mortality
rate, specially when there are other associated
medical diseases.'? A high negative appendicectomy
rate has been previously accepted to minimize the
risks of complications, since the morbidity and
mortality increase with perforation,> however,
removal of a normal appendix may carry long term

risks which may require future surgery.> Although
appendicectomy is currently a safe operation,
several non invasive diagnostic tests and
investigative maneuvers have been described to
improve the diagnostic efficiency and reduce the
incidence of un necessary surgery. However, this
can be achieved by good clinical evaluation and
active in hospital observation combined by more
standardized and an appropriately selected
pre-operative laboratory tests or procedures.*¢ The
aim of this study is to investigate the role of
C-reactive protein (CRP) and its value in
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combination with the total white blood cells (WBC)
count and neutrophil percentage in identifying a
group of patients with suspected acute appendicitis
in which surgery can be deferred, hopping to
improve the diagnostic accuracy and reduces the
incidence of perforation and negative laparotomy.

Methods. A prospective study of 216
consecutive patients, aged between 3-13-years,
suspected of having acute appendicitis who attended
the Pediatric Surgical Department, Al-Fateh
Teaching Hospital for children were carried out, in
the period during 1 October 2001 through to 1 June
2002. Careful history and physical signs were
recorded and evaluated with an active in hospital
observation, decisions were made to operate or to
observe on clinical backgrounds. Blood tests for a
total WBC count; neutrophil percentage and CRP
were requested and immediately sent to the
laboratory. For patients who are assigned for
appendectomy the samples were taken while the
patients were prepared to the theater. The estimation
of the CRP was by the rapid method. The cut off
value for positive tests was (8 ug/ml). The upper
limit for normal WBC count and neutrophil
percentage were (11,000/ microl), 75%. The
histopathological results were graded as normal,
simple inflamed, gangrenous and perforated
appendix. Sensitivity, specificity, positive and
negative predictive values were calculated and
correlated for each of the above tests and in
combination.

Results. The total number of patients studied is
216 patients: 139; 64.3% males and 77; 35.6%
females. Male to female ratio is 1.8:1. The age
ranged 3-13-years with a mean of 8.5-years. There
were 135patients had the operation carried out for
them and 81 had no operation and discharged as non
specific abdominal pain. One hundred and
twenty-seven patients had CRP values more than 8
ug/ml), of these 90 cases out of 106patients with
simply inflamed appendicitis 13 patients had
perforated appendicitis 3 patients out of 5 cases had
normal appendix and 10 patients out of 81 cases
without appendectomy. In cases with gangrenous
appendix the values of CRP ranged 14.2-19.6ug /ml,
and in cases of perforated appendix was 19.6-
32.4ug/ml. One hundred and nine patients from the
operated cases and 19 patients from the non
operated cases had a total WBC count of more than
11,000/microL. and 111 patients from the operated
cases and 15 patients from the non operated cases
had a neutrophil count more than 75%, with a total
of 128, 126. One hundred and twelve patients out
of 130 who had inflamed appendix found to have all
the 3 tests positive, while out of 81 cases who were
not subjected to operation and the 5 cases found to

have a normal appendix only 8 cases had positive
triple tests. The average time between the
appearance of symptoms and the operation was 18
hours. The sensitivity, specificity, positive and
negative predictive values for CRP were 87.7%,
84.8%,89.7%, 82%, WBC count 83.8%, 78%, 85%,
76% and the neutrophil percentage 85.3%, 82.5%,
88%, 78.8%. While the values for a positive triple
tests were 86%, 90.7%, 93.3%, 81.2%, the later
results indicate that the values for the triple tests are
better than each of the above tests alone.

Discussion. The  diagnosis of  acute
appendicitis is primarily a clinical matter, the
diagnostic accuracy of which is a bit low in the
pediatric age group.® Pre-operative measurement of
CRP to improve the accuracy of diagnosis of acute
appendicitis had been advocated by many authors.
However, the positive effect of pre-operative CRP
estimation in pediatric age group remains a subject
for continuing research. The role of CRP estimation
in predicting acute appendicitis in childhood was
found to be low; high levels were only found with
complicated appendicitis.*® However, in our study
positive levels were reported even in simply
inflamed appendix. Significantly high levels of CRP
were seen with gangrenous and perforated appendix
as reported by Paltola et al.'® Therefore, high CRP
value may indicate complicated appendix;
consequently, we have to start pre-operative
antibiotic and perform surgery as soon as possible.
High levels of CRP can even predict post-operative
complications in appendicitis.'’'? It has been shown
that the predictive value CRP is higher in
appendicitis than in other causes of acute
abdomen." It is a better indicator of complicated
appendix than WBC count.* Our study clearly
demonstrated that the sensitivity, specificity,
positive and negative predictive values for CRP
87.7, 84.8 , 89.7 , 82 were superior to that for a
single total WBC count 83.8, 78, 85, 76 and
neutrophil percentage 85.3, 82.5, 88, 78.8.
C-reactive protein can be regarded as a valuable test
and can support the surgeon clinical diagnosis in
suspected cases of appendicitis.'*'” However, a
negative value of CRP can be expected in the
presence of a pathological appendix if the sample is
drawn within 12 hours of the beginning of
symptoms.'®!* Furthermore, serum level of CRP
decline in response to antibiotic therapy.”® These
factors may limit the predicting value of CRP. In
our study, a single total WBC count does not
significantly influence surgical decision making,
and it is an unreliable predictor in suspected cases of
appendicitis as reported by other authors.?'>* The
low sensitivity and specificity of single WBC count
compared with the neutrophil percentage and CRP
83.8, 78, 85, 76, 85.3, 82.5, 88, 78.8, 87.7, 84.8,
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89.7, 82 reflected its relative lower diagnostic
accuracy. When there is an inflamed appendix
whatever the cause, there is an increase in the
neutrophil response at the expense of lymphocytes
without general increase in the total WBC count.
Later on, when invasion of bacteria set in, there will
be a general increase in the total WBC count in
addition to the pre-existing neutrophil response.”
Therefore, the diagnostic accuracy of WBC count
can be improved if the neutrophil percentage is
taken in consideration.? The upper normal values of
total WBC and neutrophil percentage in pediatric
age group vary with age,>?” and the results need to
be adjusted accordingly which will affect adversely
their specificity and sensitivity.?> Furthermore, the
leucocytes response usually declines in (0-5)-years
old children with appendicitis on the other hand
CRP response is well preserved in all age groups.?
Despite these limitations a neutrophil percentage of
more than (75%) and total WBC count of more than
(11,000/microL) must be taken in consideration in
the light of physical findings in suspected cases of
appendicitis. From the above given findings and in
light of our results, any of the above tests alone did
not meet the criteria of a diagnostic test (a
sensitivity more than 80% and a specificity more
than 90%). In addition, each of these tests has its
own limitations which will affect its diagnostic
accuracy. We recommend the use of the triple test to
enhance the diagnostic efficiency in suspected cases
of appendicitis. The use CRP estimation in
combination with other laboratory tests in the
diagnosis of acute appendicitis had been
investigated by many authors.'*?230 Qur results
clearly show that the triple test can fulfill the criteria
of a diagnostic test (a sensitivity: 86 and a
specificity: 90.7). If the triple test are within normal
values the diagnosis of acute appendicitis should be
made with reservation, and we have to think of
other causes of abdominal pain and surgery may be
deferred.’* Indeed, a negative results may be of
greater help to the surgeon in his clinical decision
than a positive one.

In conclusion, although the triple test are very
easy to be carried , they are not widely used, the use
of the above triple test combined with evaluation of
the physical findings will improve significantly the
diagnostic accuracy and reduces the incidence of
perforation and negative laparotomy in suspected
cases of acute appendicitis.

References

1. William NM, Johnstone JM, Everson NW. The diagnostic
value of symptoms and signs in childhood abdominal pain.
J R Coll Surg Edin 1998; 43: 390-312.

2. Hardin DM Jr. Acute appendicitis, review and update. Am
Fam Physician 1999; 60: 2027-2034.

1214  Saudi Med J 2004; Vol. 25 (9) www.smj.org.sa

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Colder JD, Gajraj H. Recent advances in the diagnosis and

treatment of acute appendicitis. Br J Hosp Med 1995; 54:
129-133.

. Rothrock SG, Pagane J. Acute appendicitis in children-

emergency department diagnosis and management. Ann
Emerg Med 2000; 36: 39-51.

. Paajanen H, Somppi E. Early childhood appendicitis is still

a difficult diagnosis. Acta Pediatr 1996; 85: 459-462.

. Schulte B, Bayer D, Kaiser C, Horsch S, Waiter A;

Ultrasonography in suspected acute appendicitis in
childhood-report of 1285 cases. Eur J Ultrasound 1998; 8:
177-182

. Kipper SL, Rypins EB, Evans DG, Thakur ML, Smith TD,

Rhodes B. Neutrophil specific 9mTc labeled anti CD15
monoclonal antibodies imaging for diagnosis of equivocal
appendicitis. J Nucl Med 2000; 41: 449-455.

. Anderson BE, Hugander A, Thuhir AJ. Diagnostic accuracy

and perforation rate in appendicitis , association with age
and sex of the patient and with appendecectomy rate. Eur J
Surg 1992; 158: 37-41.

. Jaye DL, Waites KB. Clinical application of C-reactive

protein in pediatrics. Pediatr Infect Dis J 1997; 16:
735-746.

Paltola H, Ahlqvistt J, Rapola J, Rasanen J, Louhimos I,
Saarinen M et al. C-reactive protein compared with white
cell count and ESR in the diagnosis of acute appendicitis
in children. Acta Chir Scand 1986; 152: 55-58.

Erksson S, Olander B, Pira N, Granstram L. White blood
cell count, leucocyte elastase activity and serum
concentration of interlukin-6 and C-reactive protien after
appendecectomy. Eur J Surg 1997; 163: 123-127.

Haupt W, Hohenberger W, Muller R, Klein P, Christon NV.
Association  between acute phase response and
postoperative complication. Eur J Surg 1997; 163: 39-44.
Gronroos JM, Forsstrom JJ, Irjala K, Nevalainen TJ.
Phospholipase A2, C-reative protien and white blood cell
count in the diagnosis of acute appendicitis. Clin Chem
1994; 40: 1757-1760.

Sondenaa K, Buan B, Soreide JA, Nysted A, Andersen E,
Nesvik I et al. Rapid C-reactive protein measurements in
the diagnosis of acute appendicitis. Scand J Clin Lab Inves
1992; 52: 585-589.

Gurleyik E, Gurleyik G, Unalmiser S. Acuracy of
C-reactive protien measurement in diagnosis of acute
appendicitis. Dis Clon Rectum 1995; 38: 1270-1274 .
Eriksson S, Granstrom L, Olander B, Wretlind B.
Sensitivity of interlukin-6 and C-reactive protein
concentration in the diagnosis of acute appendicitis. Eur J
Surg 1995; 1610: 41-45 .

Asfar S, Safar H, Khoursheed M, Dashti H, Al-Bader A.
Would measurement of C-reactive protein reduce the
incidence of negative exploration for acute appendicitis. J
R Coll Surg Edin 2000; 45: 21-24.

Pourcyrous M, Bada HS, Koroner SK, Baselski V, Wong
SP. Serial C-reactive protein responses in neonatal infection
and other disorders. Pediatrics 1993; 92: 431.

Thimsen DA, Tony GK, Gruenberg JC. Prospective
evaluation of C-reactive protein in patients suspected to
have acute appendicitis. Am Surg 1989; 55: 466-468.
Pourcyrous M, Bada HS, Korones SK, Barrett FF, Jenning
W, Lockey T. Acute phase reactant in neonatal bacterial
infection. J Perinatol 1991; 11: 319-325.

Vermenlen B, Morabia A, Unger PF. Influence of White
cell count on the surgical decision-making in patient with
abdominal pain in the right lower quadrant. Eur J Surg
1995; 161: 483-486.

Goodman DA, Goodman CB, Monk JS. Use of the
neutrophil: lymphocyte ratio in the diagnosis of
appendicitis. Am Surg 1995; 61: 257-259.

Middleton SB, Whitbread T, Morgans BT, Mason PF.
Combination of skin temperature and single white blood
cell count does not improve diagnostic accuracy in acute
appendicitis. Br J Surg 1996; 84: 499.



24.

25.

26.

217.

28.

CRP, WBC and neutrophil values in appendicitis ... Mohammed et al

Coleman C, Thompson JE, Beunion RS, Schmit PJ. White
blood cell count is a poor predictor of severity of disease in
the diagnosis of acute appendicitis. Am Surg 1998; 64:
983-985.

Nauta RJ, Magnant C. Observation versus operation for
abdominal pain in the right quadrant. Am J Surg 1986; 15:
746-748.

Lau WY, Ho YC, Yeung C. Leucocytes count and
neutrophil percentage in appendecectomy for suspected
appendicitis. Aust N Z J Surg 1989; 59: 395-398.
Chernecky CC, Berger BJ. Laboratory tests and diagnostic
procedures. 2nd ed. Differential leukocyte count in the
peripheral blood. WB Saunders Company; 1997. p.
451-456.

Paajanen H, Mansikka A, Laata M, Kelfanen J, Kostianen
S. Are serum inflammatory markers age dependent in acute
appendicitis. J Am Coll Surg 1997; 184: 303-308.

29.

30.

31.

32.

Thompson MM, Underwood MJ, Dookeran KA, Lioyd
DM, Bell PR. The role of sequential leukocytes count and
C-reactive protein measurement in acute appendicitis. Br J
Surg 1992; 79: 822-824.

Van Deijen-Visser MP, Co PM, Brombacher PJ. The value
of laboratory tests in patients suspected of acute
appendicitis. Eur J Clin Chem Clin Biochem 1991; 29:
749-752.

Eriksson S, Granstrom L, Baiks S. Laboratory tests in
patients with suspected acute appendicitis. Acta Chir Scand
1989; 155: 117-120.

Dueholm S, Bagi P, Bud M. The laboratory aids in the
diagnosis of acute appendicitis, ablind prospective trial
concerning diagnostic value of leukocyte count, neutrophil
differential count and C-reactive protein. Dis Colon
Rectum 1989; 32: 855-859.

www.smj.org.sa  Saudi Med J 2004; Vol. 25 (9) 1215



