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Abstract
Acute appendicitis is the most common cause of emergency abdominal surgery with an
estimated lifetime prevalence of 7%–8%. Despite advances in diagnosis and treatment, it is still
associated with morbidity (10%) and mortality (1%–5%).
This study was designed to investigate the results of WBC count, platelet distribution width and
C-reactive protein values based on the pathology results in patients undergoing appendectomy
with an early diagnosis of acute appendicitis.
This prospective cross sectional study was carried out in Basrah Teaching Hospital from the
period 1st of September 2015 to 1st of June 2017, a total of 154 consecutive patients were
enrolled in the study. All patients were admitted to the emergency department with history
suggestive of acute appendicitis, blood tests were done for inflammatory markers in form of
WBC, CRP and PDW, a period of 24 hours prior to surgery was accepted, histopathological
data were used to assess inflammation of the appendix.
The majority of patients were males 61% while females were 39%, with age range between 1446 years (mean 24.28 years). There was a correlation between WBC count and acute
appendicitis(P value=0.004), with sensitivity range (53%-69%) and specificity range (25-89%),
while positive predictive value (PPV) and negative predictive value (NPV) were 96% and 8%
respectively. A significant correlation found between CRP and acute appendicitis (p value less
than 0.0001) with sensitivity range (71%-85%), while specificity was (10%-74%) and PPV, NPV
were 95% and 9% respectively. Regarding PDW, no correlation was found with acute
appendicitis (p value=0.296) with sensitivity range (6%-16%) while specificity (17%-82%), PPV
78%, NPV 2%. There was significant correlation between inflammatory markers (WBC, CRP,
PDW) and complication with a p value=0.0001, ruptured appendix and peri-appendicular
abscess were the most common complications recorded, only 8(5.2%) patients had normal
appendix after histopathological examination.
In conclusion, acute inflammatory markers play an important role in diagnosis of acute
appendicitis along with history and physical examination.

Introduction
cute appendicitis is the most
common cause of emergency
abdominal surgery1 with an estimated
lifetime prevalence of (7%–8%). Despite
advances in diagnosis and treatment of
this condition, it’s still associated with
morbidity (10%) and mortality (1%–5%)2.
Laboratory blood tests form part of preoperative
diagnostic
work-up
for
suspected acute appendicitis and feature in
some clinical scoring systems for
appendicitis3.
Current biomarkers attempt to identify
the presence of inflammation together

A

with a suggestive history and examination
may help to make informed decision to
perform imaging or surgery in those with
suspected appendicitis4.
The most commonly used laboratory tests
in the diagnosis of acute appendicitis are
leukocyte count, C-reactive protein
(CRP)5 and neutrophil count (absolute
value or percentage of WCC)6.
In general, patients have a moderately
increased
number
of
leukocytes
3
(10,000/mm ) with a prevalence of
neutrophils.
Leukocytes
above
usually
indicate
20,000/mm3
8
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complications as diffuse peritonitis7. Narci
found cutoff value of WBC 10.4×103/mm3
with a 91% sensitivity and 74%
specificity8.
Recent studies showed that the sensitivity
of neutrophil leukocyte ratio (which has
been shown as a good inflammatory
changes marker) was 60.1% and
specificity 76.9% in diagnosing acute
appendicitis9.
C-reactive protein levels are related to the
evolution of the infection of the appendix,
and values above 50 mg/dl indicate
necrosis and perforation of the appendix.
The specificity is usually higher combined
with the leukocyte count, amounting to
about 38-87%, and its sensitivity up to
94%10.
White Blood Cells and CRP remain the
most used laboratory findings for
distinguishing patients with appendicitis
from those without. Studies showed that
WBC seems to be a very early marker of
appendiceal inflammation11.
Serum inflammatory markers seem to be
age-dependent in acute appendicitis,
normal WBC count and CRP in adults
exclude diagnosis of acute appendicitis
with a predictive value 100%, while in
children aged less than 13 years normal
values does not effectively exclude the
diagnosis with a percentage of 7% of
histologically proven acute appendicitis
with normal counts12.
Platelet distribution width (PDW) are
presented in the complete blood cell
count, studies showed that it is higher in
perforated appendix7. This study aimed to
evaluate the results of WBC count, CRP
and PDW based on the pathology results
in patients undergoing appendectomy,
whether inflammatory markers aids in
diagnosis and prevention of further
complication due to delay in diagnosis.
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patients (94 males 60 females) who
underwent
appendectomy.
Baseline
demographic data were recorded for each
patient as age, gender, and date of
operation.
Full detailed history was taken for all
patients and followed by complete
physical examination for signs of acute
appendicitis.
Blood tests were done for inflammatory
markers in form of WBC, C-reactive
protein and platelet distribution width
(PDW).
All blood tests were performed on blood
samples obtained via venous system and
collecting into EDTA tubes and analyzed
by coba integra 400 plus regarding CRP
while CBC analysis by sysmex xt 2000i.
The upper limits of the reference ranges
were as follows: Leukocyte counts (WBC)
4500-11000×106/μL,
Platelet:
130400×10³/μL, Neutrophil: 2-6.9×10³/μL
(37%-80%), Lymphocyte: 0.6-3.4×10³/μL
(10%-50%), MPV: 7.2-11 Fl, RDW: 11%16%, PDW: 5%-15% and CRP: 0-5 mg/dl.
Values categorized as WBC (more than
11000×106/μL as high, higher than
15000×106/μL), PDW (more than 15% as
high), CRP (more than 5% as high and
higher than 15%).
Based on histopathological data, acute
appendicitis was categorized into: None
complicated and complicated: (Ruptured
appendix, perforated appendix with
subsequent
peritonitis,
gangrenous
appendix, peri-appendicular abscess,
adhesion). Presence of other pathologies
related to female genital tract was also
recorded if present.
All data were collected and analyzed by
using SPSS analyzer system 15.1 and a P
value less than 0.05 was considered to be
significant.
Results
A total of 154 patients underwent
appendectomy, the majority of patients
were males 94(61%) while females were
60(39%) with total mean age of 24.28, the
mean value of WBC in males was higher

Patients and Methods
This a prospective cross sectional study
carried out in Basrah Teaching Hospital
between 1st of September 2015 to 1st of
June 2017 and it included 154 consecutive
9
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(15111×106/μL)
than
in
females
(13476.6×106/μL), total mean value of
WBC was 14474×106/μL which is above
of normal value, PDW was higher in

MH Al-Hawaz, MA Abdulla & HD Ali

males with mean value (10.9%) than in
females (10.67%). Regarding C-reactive
protein, the mean value in females was
higher than that in males (Table I).

Table I: Demographic data and inflammatory markers.
Gender
Age WBC(×106/μL) PDW (%) CRP (mg/dl)
Males (94)
Mean 23.85
15111.7
10.9
13.5
S.D
9.19
16454.3
3.32
11.79
Females (60) Mean 24.9
13476.6
10.67
14.14
S.D
8.34
13545.02
3.35
11.95
Total (154)
Mean 24.28
14474.6
10.8
13.75
S.D
8.85
15360.9
3.33
11.8
Sixty one (39.6%) patients presented with
normal range of WBC, the remaining 93
(60.4%) patients had values of
11.000×106/μL and above, C-reactive
protein was elevated in 121 (78.6%).

Regarding platelet distribution width, the
majority of patients 133 (86.4%) had
normal value, 2 patients had low PDW
and 19 patients had more than 15% PDW
(Table II).

Table II: Values of inflammatory markers in this study
Inflammatory markers

Frequency Percentage

White blood cells ×106/μL
4.000-11.000
more than 11.000
higher than 15.000
C–Reactive protein mg/dl
Less than 5
More than 5
Higher than 15
Platelet distribution width %
Less than 5
5-15
More than 15
Total
Histopathological examination proved
presence of appendicitis in 146 patients
with catarrhal type in 79 (51.3%) patients,
severely inflamed appendix in 50 (32.5%)
patients while fecalith appendicitis and
tumor noticed in (9.7% and 1.3%) of
patients, respectively. Only 8 patients
(5.2%) had normal appendix in the
pathological data. Regarding status of
inflammatory markers concomitant with

61
57
36

39.6%
37.0%
23.4%

33
74
47

21.4%
48.1%
30.5%

2
133
19
154

1.3%
86.4%
12.3%
100%

different histopathological types seen in
our patients, WBC was elevated with
mean value of 14.5×106/μL in catarrhal
appendicitis found in 79 (51.3%) patients
and it was higher at 16.8×106/μL in 50
(32.5%) patients with severely inflamed
appendix. In normal appendix (8 patients),
fecalith type (15 patients) and tumor (2
patients), WBC was nearly within normal
range (Table III).
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Table III: Correlation between inflammatory markers (WBC, CRP, PDW) and
histopathological data for patients with suspected appendicitis.
Inflammatory
markers
WBC
×106/μL

Total
CRP
Mg/dl

Total
PDW
%

Total

4.00011.000
11.00015.000
More
than
15.000
Less
than 5
5-15
More
than 15
Less
than 5
5-15
More
than 15

Normal
appendix

Histopathological finding
Catarrhal
Severely
Fecalith
appendicitis inflamed
appendicitis
appendix

tumor

Total

7

31

13

9

1

61

0

35

17

4

1

57

P
value

0.004
1

13

20

3

0

36

8

79

50

15

2

154

3

19

5

6

0

33

4

47

19

5

0

74

1

13

26

5

2

47

8

79

50

15

2

154

0

2

0

0

0

2

8

70

40

14

1

133

0

7

10

1

1

19

8

79

50

15

2

154

Estimation of C-reactive protein according
to histopathological examination was: 11
mg/dl in patients with catarrhal
appendicitis, 18.5 mg/dl in patients with
severely inflamed appendix with or
without abscess formation, 15 mg/dl in
patients with fecalith appendicitis and 29
mg/dl in patients with tumors (Table III).
While PDW was mildly elevated in
catarrhal appendicitis and severely
inflamed
appendix
with
abscess
formation. In tumor of the appendix, the
mean value of PDW was 14 %.There was
correlation between WBC values and
pathological data. Most of the patients had
WBC values between (11.000-15.000),
with
WBC
values
more
than
6
15.000×10 /μL was mainly found in
severely inflamed patient (20 out of 36
patients (Table III).
Regarding CRP, there was significant
correlation (p value < 0.0001) with
pathological data as most of patients had
high values (>5 mg/dl), particularly those
with catarrhal appendicitis, while those
with severely inflamed appendix had CRP
more than 15 mg/dl which also found in
those with tumors. No correlation was
found between PDW and pathological

<0.0001

0.296

data (p value=0.296) with majority of
patients had values within the normal
range 5-15 % and only 19 out of 154 had
values higher than 15 distributed between
catarrhal appendicitis (7), severely
inflamed appendix (10), one fecalith and
one patient with tumor (Table III).
Most of patients had no complications
(81.8%) followed by ruptured appendix in
(5.8%), peri-appendicular abscess (5.2%)
and
perforation
with
subsequent
peritonitis (4.5%). Gangrenous appendix
and adhesion was seen in 4 patients only
representing 1.3% for each.
One hundred twenty six patients out of
154 study patients had no complication
with 71 of patients had WBC more than
11.000×106/μL, either severely inflamed
appendix or those with ruptured ovarian
cyst. Those with complications had WBC
more than 15.000×106/μL. This indicates
that complication correlates positively
with elevated WBC values (Table IV).
Complications of acute appendicitis
correlates significantly with elevated
values of CRP as in patients with
perforation and subsequent peritonitis,
gangrenous appendicitis, and adhesion
who had values more than 15 mg/dl.
11
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While those with ruptured appendix and
peri-appendicular abscess had moderate to
highly elevated CRP (Table IV).
Regarding PDW, those with perforation
and subsequent peritonitis, gangrenous
and peri-appendicular abscess had highly
elevated values (more than 15%), patients
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with ruptured appendix and adhesions had
values between moderate to elevated
PDW, which indicates a significant
correlation
between
PDW
and
complication of acute appendicitis as
demonstrated in Table IV.

Table IV: Correlation between inflammatory markers and complications of appendicitis
Inflamm.
markers
W
B
C

C
R
P

P
D
W

4.00011.000
More
than
11.000
Higher
than
15.000
Total
Less
than 5
More
than 5
Higher
than
15
Total
Less
than 5
5-15
More
than
15
Total

Complications
Perforation Gangrenous
with
appendix
subsequent
peritonitis

None

Ruptured
appendix

55

2

0

52

4

0

Total
Peri –
appendicular
abscess

Adhesion

0

3

1

61

0

1

0

57

P
value

0.004
19

3

7

2

4

1

36

126

9

7

2

8

2

154

31

1

0

0

1

0

33

69

2

0

0

3

0

74
<0.0001

26

6

7

2

4

2

47

126

9

7

2

8

2

154

2

0

0

0

3

0

5

121

6

1

1

1

0

130

3

3

6

1

4

2

19

126

9

7

2

8

2

154

0.296

Discussion
Acute appendicitis is sometimes difficult
to diagnose despite its classical signs and
symptoms being well known13,14. In
addition delay in diagnosis is associated
with
perforation
and
increased
15
complication rate .
In this study we planned to investigate the
value of inflammatory markers in the
diagnosis of acute appendicitis, although
some studies showed no superiority of
inflammatory markers to accurate history,
physical examination and laboratory
studies in diagnosing acute appendicitis16.
Many studies support that WBC is the
first indicator to be elevated in AA, in this
study there was a significant correlation
between WBC count and acute
appendicitis (P value = 0.004) with

sensitivity 61% and Specificity 62.5%,
PPV 96%, NPV 8% which was in line
with earlier studies which reported WBC
sensitivities 67-97.8%, specificities 31.990.8%, and PPV 42-91.8%14,17-19.
Also, Narci found cutoff value
10.4×103/mm3 with 91% sensitivity and
74% specificity7.
Dinc found cutoff value 10.6×109/μL
with a 73.1% sensitivity and 94%
specificity20. CRP is a sensitive acute
phase protein that lacks specificity due to
increased levels in all acute inflammatory
processes, in this study it had significant
correlation with acute appendicitis with
sensitivity
79%
(71%-85%)
and
specificity 37.5% (10%-74%).Conflict
results seen in different studies and our
12
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results differ from those reported by
Ulukent et al21 who found a sensitivity of
67% and a specificity of 80% and also
from Yang et al22 who found sensitivities
ranging between 76.5% and 95.6%,
specifities ranging between 26.1% and
77.7%, and PPV 95.622.
Though a meta-analysis examining the
accuracy of CRP levels in the diagnosis of
acute appendicitis, a wide range of
sensitivity (40-99%) and specificity (2790%) was found in literature23 which can
embrace our results.
In addition, our study reported that the
mean CRP level was higher in perforated
appendix compared to normal appendix
and in some cases it was within normal
limits which can be explained by the fact
that CRP level starts to increase 12-24
hours after the symptom onset24.
Regarding PDW, our study found no
correlation with diagnosis of acute
appendicitis, although it was significantly
correlated with complicated appendicitis
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which was in line with other studies as in
a study by Aydogan et al25, in which
patients were divided into perforated and
non-perforated groups and PDW values
were significantly higher in the perforated
group. While Bulent et al study showed a
diagnostic accuracy of 96% for acute
appendicitis26.
The levels of WBC, CRP were all
associated significantly with degree of
inflammation in appendicitis. A rise in all
blood markers was seen in perforated and
other complicated appendicitis.
Conclusion: This study showed strong
correlation between WBC count and CRP
and acute appendicitis with accepted
sensitivity but low specificity.
WBC count is most frequently used
laboratory test for diagnosis and its value
increases
with
the
severity
of
inflammation
and
complication
particularly in perforated appendicitis.
PDW also is helpful in diagnosis of
complicated appendix.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Humes D, Simpson J. Acute appendicitis. BMJ 2006; 333:530.
Prystowsky JB, Pugh CM, Nagle AP. Appendicitis. Current problems in surgery. 2005 Oct 1; 42(10):694-742.
Ishikawa, Hiroshi. Diagnosis and Treatment of Acute Appendicitis JMAJ,2003,46.5:217–221.
Andersson RE, Petzold MG. Nonsurgical treatment of appendiceal abscess or phlegmon: a systematic review and meta-analysis.
Annals of Surgery 2007; 246:741–8.
Kaya B, Sana B, Eris C, Karabulut K, Bat O, et al. The diagnostic value of D-dimer, procalcitonin and CRP in acute appendicitis. Int J
Med Sci .2012;9: 909-915.
Andersson RE Meta-analysis of the clinical and laboratory diagnosis of appendicitis. Br J Surg.2004; 91: 28-37.
Aydogan A, Akkucuk S, Arica S, Motor S, Kara¬kus A, Ozkan OV, Yetim I and Temiz M. The Analysis of Mean Platelet Volume and
Platelet Distribution Width Levels in Appendicitis. Indi¬an J Surg 2013; 77: 495-500.
Narci H, Turk E, Karagulle E, Togan T and Karabulut K. The role of red cell distribution width in the diagnosis of acute appendicitis: a
retrospective case-controlled study. World J Emerg Surg 2013; 8: 46.
Ng KC and Lai SW. Clinical analysis of the re¬lated factors in acute appendicitis. Yale J Biol Med 2002; 75: 41-45.
Yang HR, Wang YC, Chung PK, Chen WK, Jeng LB, et al. Role of leukocyte count, neutrophil percentage, and C-reactive protein in the
diagnosis of acute appendicitis in the elderly. Am Surg.2005; 71: 344-347.
Gronroos JM, Forsstrom JJ, Irjala K, Nevalainen TJ. Phospholipase A2, C-reactive protein, and white blood cell count in the diagnosis
of acute appendicitis. Clin Chem 1994Sep;40(9):1757-1760.
Paajanen H, Mansikka A, Laato M, Kettunen J, Kostiainen S. Are serum inflammatory markers age dependent in acute appendicitis? J
Am Coll Surg 1997 Mar;184(3):303-308.
Uyanik B, Kavalci C, Arslan ED, Yilmaz F, Aslan O, Dede S, et al. Role of Mean Platelet Volume in Diagnosis of Childhood Acute
Appendicitis. Emerg Med Int. 2012; 2012:823095.
Shafi SM, Afsheen M, Reshi FA. Total Leucocyte Count, C - reactive protein and Neutrophil Count: Diagnostic Aid in Acute
Appendicitis. Saudi J Gastroenterol. 2009; 15:117-20.
Albayrak Y, Albayrak A, Albayrak F, Yildirim R, Aylu B, Uyanik A, et al. Mean Platelet Volume: A New Predictor in Confirming Acute
Appendicitis Diagnosis. Clin Applied Thrombosis/Hemostasis 2011; 17: 362-6.
Sack U, Biereder B, Elouahidi T Bauer K, Keller T, Tröbs RB. Diagnostic value of blood inflammatory markers for detection of acute
appendicitis in children. BMC Surg 2006: 6; 15.
Cardall T, Glasser J, Guss DA. Clinical value of the total white blood cell count and temperature in the evaluation of patients with
suspected appendicitis. Acad Emerg Med. 2004; 11:1021-7.
Birchley D. Patients with clinical acute appendicitis should have pre-operative full blood count and C reactive protein assays. Ann R
Coll Surg Engl 2006; 88: 27-32).
Keskek M, Tez M, Yoldas O, Acar A, Akgül O, Goçmen E, et al.Receiver operating characteristic analysis of leukocyte counts in
operations for suspected appendicitis. Am J Emerg Med 2008; 26:769-72.
Dinc B. New parameter in diagnosis of acute appendicitis: Platelet distribution width. World J Gastroenterol 2015; 21: 1821.
Ulukent SC, Sarici IS, Ulutas KT. All CBC parameters in diagnosis of acute appendicitis. Int J Clin Exp Med. 2016 Jan 1; 9(6):11871-6.
Yang HR, Wang YC, Chung PK, Chen WK, Jeng LB, Chen RJ. Laboratory tests in patients with acute appendicitis. ANZ J Surg 2006;
76: 71-4.
Yu CW ,Juan LI ,Wu MH ,Shen CJ ,Wu JY, Lee CC.Systemic review and meta-analysis of diagnostic accuracy of procalcitonin ,C
reactive protein and White blood cell count for suspected acute appendicitis .British Journal of Surgery 2013;100:322-329.
Wu HP, Lin CY, Chang CF, Chang YC, Huang CY. Predictive value of C-reactive protein at different cutoff levels in acute appendicitis.
Am J Emerg Med 2005; 23: 449-53.
Aydogan A, Akkucuk S, Arica S, Motor S, Kara¬kus A, Ozkan OV, Yetim I and Temiz M. The Analysis of Mean Platelet Volume and
Platelet Distribution Width Levels in Appendicitis. Indi¬an J Surg 2013; 77: 495-500.
Bulent Dinc, Alten Oskay, Selcan Enver Dinc, Bilge Bas, and Sabri Tekin. New parameter in diagnosis of acute appendicitis: Platelet
distribution width.World J Gastroenterol. 2015 Feb 14; 21(6): 1821–182. Published online 2015 Feb 14. doi: 10.3748/wjg.v21.i6.1821.

13
Bas J Surg, December, 24, 2018

