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Diagnostic markers in acute appendicitis
Yahya A. Al-Abed, M.D., Ch.M., M.R.C.S. (Eng)*,
Nasser Alobaid, M.B.B.S., F.R.C.S., Fiona Myint, F.R.C.S.
Department of General Surgery, North Middlesex University
 Hospital NHS Trust, Sterling Way, London
N18 1QX, UK
KEYWORDS:
Appendicitis;
Diagnosis;
Diagnostic markers;
Bilirubin;
Hyperbilirubinemia
The authors declare no conflicts of i

* Corresponding author. Tel.: 144

742030.

E-mail address: yalabed@yahoo.co.u

Manuscript received March 16, 2014

2014

0002-9610/$ - see front matter � 2015

http://dx.doi.org/10.1016/j.amjsurg.20
Abstract
BACKGROUND: An adequate medical history combined with clinical examination is usually enough

to make the diagnosis of acute appendicitis. The aim of this study was to determine the value of
elevated white cell count (WCC), C-reactive protein (CRP), and bilirubin as diagnostic markers of
acute appendicitis.

METHODS: A retrospective analysis was carried out on consecutive patients who underwent appen-
dicectomy over a 3-year period. All data including patients’ age, sex, blood test results, and appendix
histology were summarized. Sensitivities, specificities, positive, and negative predictive values of
WCC, CRP, and bilirubin were calculated separately or in combination for all patients.

RESULTS: A total of 447 patients were included. There is a significant difference in the results be-
tween patients with negative and positive appendicitis with regards to CRP (32 vs 73; P , .001), mean
total WCC (10.9 vs 14.0; P , .001), and the mean levels of bilirubin (10.9 vs 17.2; P , .001).

CONCLUSIONS: The diagnosis of appendicitis remains multifactorial and blood tests may help to
guide the surgeon in the decision making.
� 2015 Elsevier Inc. All rights reserved.
Acute appendicitis is one of the most common surgical
emergencies and appendicectomy remains among the most
frequently performed emergency operations worldwide.1–3

An adequate medical history combined with clinical
examination to elicit common physical signs associated
with localized peritonitis is usually enough to make the
diagnosis of acute appendicitis. However, the diagnosis
of appendicitis is not always straight forward especially
in female patients as a gynecological pathology may
mimic acute appendicitis. Moreover, the variability in
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appendicular locations such as in hidden or retrocecal
appendicitis may not allow patients to exhibit enough
peritoneal signs to support the diagnosis of acute appendi-
citis.4 To date, reliable specific marker of acute appendicitis
has not yet been identified. Despite advances in technology
and investigation modalities, the rate of negative appendi-
cectomies remains between 15% and 50%.5

Several Scoring systems have been developed to aid in
the diagnosis of acute appendicitis (Alvaredo,6 Lintula7 and
RIPASA8). However, these systems have their own limita-
tions and are mainly used in children and have not shown
to be accurate in the adult female population.6

In practice, the diagnosis of acute appendicitis is sup-
ported by the presence of elevated inflammatory markers,
that is, white cell count (WCC) andC-reactive protein (CRP).
However, some studies have shown that neither of these
markers is diagnostic nor specific for acute appendicitis.9
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Table 1 Patients according to sex and appendix histology
result

Positive
for
appendicitis

Negative
for
appendicitis Total

Men 248 19 267 (59.7%)
Women 138 42 180 (40.3%)
Total 386 61 447
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Recently, serum bilirubin has been found to play a useful
role in the diagnosis of perforated appendicitis with a
sensitivity of 70% and specificity of 86%.10 The diagnostic
accuracy of appendicitis based on hyperbilirubinemia re-
mains uncertain.

The aim of our study is to determine the value of
elevated WCC, CRP, and bilirubin as diagnostic markers of
acute appendicitis.

Patients and Methods

A retrospective analysis of collected data was carried out
on all consecutive patients who underwent appendicectomy
at our institution over a 3-year period (from January 2007
to April 2010). Patients were identified from our research
and audit department using the search terms ‘‘appendicitis,’’
‘‘appendicectomy,’’ and ‘‘laparoscopic appendicectomy.’’
All data including patients’ age, sex, blood test results
(WCC, differential leukocytes count, CRP, and liver
function tests including bilirubin), and appendix histology
results were obtained from our audit department and
hospital computerized record system (NMPath). All
collected data were fed into and summarized on an EXCEL
spreadsheet (Microsoft Excel 2007, Redmond, WA). All
patients’ identifying data were stored on a secure password
protected computer, access of which was provided by the
hospital login.

Appendicectomy was performed conventionally or lap-
aroscopically. There was no age cut off. Patients with
incomplete blood test results (WCC, CRP, or liver function
tests) and patients with known liver disease, Gilbert’s
syndrome, or with persistently elevated liver function tests
were excluded from the study.
Table 2 Summary of percentages of positives laboratory results incl
histology results

Criterion Sex Negative %

WCC Male 52.6
Female 40.5

CRP Male 47.4
Female 40.5

Bilirubin Male 26.3
Female 16.7

CRP 5 C-reactive protein; WCC 5 white cell count.
Blood test results were deemed positive if they were
above the upper limits of the hospital’s laboratory values.
Hyperbilirubinemia is thus defined as bilirubin levels of
greater than 15 mmol/L. Leukocytosis is defined as WCC of
greater than 11 ! 109/L, and CRP was considered elevated
if levels were more than 10 mg/L.

Patients were classified into 3 groups according to
appendix histology result. The first group (control group)
contains patients with negative appendicectomy, that is,
normal appendix on histology. The second group has
patients with appendicitis proven on histology without
evidence of perforation, while patients with evidence of
appendicular perforation form the third group.

Data were analyzed using SPSS version 19.0 (SPSS, Inc,
Chicago, IL). Continuous variables were expressed as mean
and standard deviation or range and median. Sensitivities,
specificities, positive predictive value (PPV), and negative
predictive value (NPV) of WCC, CRP, and bilirubin were
calculated separately or in combination for all patients.
One-way analysis of variance test was used to analyze
difference between means of variables among patients’
groups. Results were considered statistically significant
when P value was of less than or equal to .05.

Results

Between January 2007 and April 2010, appendicectomy
was performed in 567 patients. By applying exclusion
criteria, 120 patients were excluded (73 patients had
positive appendicitis). A total of 447 patients were included
in the study, of which 267 were men and 180 were women.
Mean age was 27.1 years (range: 5 to 83 years). The total
number of children (age , 16 years) was 76 (17%). The
number of patients with negative appendicectomy (control
group) was 61 (13.6%), of which 42 were women (Table 1).

The total number of patients who had appendicitis was
386, of which 18.1% (n 5 70) had histology confirming
perforated appendicitis.

WCC was elevated in 52.6% of men, while it was
elevated in 40.5% in women in the negative appendicec-
tomy group. For patients with appendicitis, WCC was
elevated in 79.4% of men and 63% of women. In the
perforated appendicitis group, WCC was elevated in 82.4%
of men and 61% of women (Table 2).
uding WCC, CRP and bilirubin according to gender and appendix

Positive % Perforated %

79.4 82.4
63 61.1
78.2 92.2
73.2 94.4
54.4 60.8
29.7 50



Table 3 Results of blood markers according to appendix histology

WCC Neutrophils Lymphocytes Monocytes AST ALP Bilirubin CRP

Negative 10.9 8.1 1.9 .69 23.9 96.8 10.9 32.4
Positive 14.0 11.5 1.5 .86 26.2 104.0 17.2 73.3
ANOVA P , .001 P , .001 P , .001 P 5 .002 P 5 .161 P 5 .454 P , .001 P , .001

ALP 5 alkaline phosphatase; ANOVA 5 analysis of variance; AST 5 aspartate transaminase; CRP 5 C-reactive protein; WCC 5 white cell count.
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In the appendicitis group, CRP was similarly elevated to
78.2% and 73.2% in men and women, respectively. With
regards to the perforated appendicitis group, CRP was elevated
in the majority of patients approaching 95% (Table 2).

Bilirubin was elevated in 26.3% of men and 16.7% on
women in the negative appendicectomy group. This
figure doubles in patients with appendicitis (54.4% in
men and 29.7% in women), while in patients with
perforated appendicitis group, this figure reaches more
than 60% (Table 2).

Twenty-five patients (6.4%) in the appendicitis group
noted to have normal WCC and CRP. Of those, 23 patients
had normal WCC, CRP, and bilirubin.

Comparison was made between patients with negative
appendicectomy group and patients with confirmed appen-
dicitis (simple and perforated appendicitis groups) with
regards to total and differential WCCs, CRP, bilirubin,
aspartate transaminase, and alkaline phosphatase. Table 3
summarizes the results.

Analysis of variance test is used to test significance
between groups. There appears to be a significant differ-
ence in the results between patients with negative and
positive appendicitis with regards to CRP (32 vs 73; P ,
.001), mean total WCC (10.9 vs 14.0; P , .001), and differ-
ential WCC including neutrophils (8.1 vs 11.5; P , .001)
and lymphocytes (1.9 vs 1.5; P , .001).

There is a significant difference in the mean levels of
bilirubin between patients with positive appendicitis and
those with negative appendicectomy (17.2 vs 10.9; P ,
.001). This difference is not significant with regards to
mean levels of the other liver function tests including aspar-
tate transaminase and alkaline phosphatase, indicating sig-
nificant isolated hyperbilirubinemia (Table 3).

Sensitivity, specificity, PPV, and NPV were calculated in
isolation for WCC, CRP, and bilirubin. These parameters
were further evaluated by combining diagnostic markers
such as WCC and CRP, CRP and bilirubin, and finally
combining all markers (WCC, CRP, and bilirubin) (Tables
4 and 5).
Table 4 Sensitivities, specificities, PPV, and NPV of WCC, CRP, and

Sensitivity % Speci

WCC 73.8 55.7
CRP 76.4 55.7
Bilirubin 45.9 80.3

CRP 5 C-reactive protein; NPV 5 negative predictive value; PPV 5 positiv
In Table 4, WCC and CRP appear to have similar sensi-
tivity, specificity, PPV, and NPV. Here, they both have low
sensitivity and low specificity with a high PPV of 91%.

Furthermore, more than 93% of patients with elevated
levels of bilirubin have positive appendicitis as indicated by
PPV.

Specificity and PPV have significantly improved after
combining markers such as WCC and CRP and CRP and
bilirubin. Furthermore, specificity and PPV have dramati-
cally increased after combining WCC, CRP, and bilirubin
approaching 95% and 98%, respectively (Table 5).
Comments

Diagnosis of acute appendicitis can be difficult, espe-
cially in women. A delay in the diagnosis and management
can lead to appendix rupture and subsequent peritonitis.
Despite advances in technology and imaging modalities,
there is no blood marker for acute appendicitis and
therefore we cannot reliably make the diagnosis of acute
appendicitis based on one test or sign but rather by a
combination of clinical, laboratory, and radiologic exami-
nations were indicated.

Over the last decade, some attention has been drawn to
the association between hyperbilirubinemia and appendi-
citis. Perhaps this could be explained by the over ordering
of ‘‘routine’’ blood tests in the emergency department. As a
result, more studies are performed to test this hypothesis.

Jaundice in the context of appendicitis has been well
described in the literature over 60 years ago.11 It is postu-
lated that elevated serum bilirubin occurs as a result of por-
tal sepsis or empyema resulting in liver hepatocytes
dysfunction or damage.5,12,13 This is thought to be caused
by bacterial endotoxins or cytokines. The result is either
a direct damage to hepatocytes, cholestasis, or both leading
to hyperbilirubinemia. Studies on sepsis have shown the
negative impact of Eschierichia coli and Bacteroides fragi-
lis endotoxins on physiological bile flow in vivo.10,14 These
bilirubin

ficity % PPV % NPV %

91.3 25.2
91.6 27.2
93.7 19

e predictive value; WCC 5 white cell count.



Table 5 Sensitivity, specificity, PPV, and NPV after combining results of WCC and CRP, CRP and bilirubin, and WCC, CRP, and bilirubin

WCC 1 CRP CRP 1 bilirubin WCC 1 CRP 1 bilirubin

Sensitivity % 57.3 38.3 31.1
Specificity % 73.8 91.8 95.1
PPV % 93.2 96.7 97.6
NPV % 21.4 19 17.6

CRP 5 C-reactive protein; NPV 5 negative predictive value; PPV 5 positive predictive value; WCC 5 white cell count.
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studies have demonstrated bacterial-induced impairment of
hepatocytes microcirculation and hepatocytes damage as
seen on a rat liver model. Furthermore, endotoxins are
shown to result in hemolysis, which then adds further in-
crease in bilirubin levels.

Currently, there is a wealth of literature to support
association of hyperbilirubinemia and appendi-
citis.5,9,10,13,15–24 However, the majority of these studies
have examined the value of elevated serum bilirubin in
‘‘perforated’’ appendicitis. Clinical signs in patients with
perforated appendicitis are not subtle and although hyperbi-
lirubinemia can be helpful it should not change or
accelerate our management. In our retrospective case–
controlled design, we found that this effect is significantly
noted in patients with appendicitis and not only observed
in the perforated appendicitis group.

We accept that our study population would have
included some patients with Gilbert’s syndrome. We
believe, however, that this would only be a small number
as Gilbert’s syndrome is a rare disorder and affects between
3% and 10% of western European population.25,26 There-
fore, elevated serum bilirubin noted in over than 45% of
our patients with appendicitis would be significant enough
to indicate that this hyperbilirubinemia is rather secondary
to appendicitis.

A recent systematic review published in the Scandi-
navian journal of surgery27 concluded the need for further
studies to evaluate predictive values of WCC, CRP, and
bilirubin combined as diagnostic markers for acute
appendicitis. In our study, we evaluated these makers as
diagnostic tools in isolation as well as combined to ascer-
tain the diagnostic accuracy of blood markers. Sensitiv-
ities of these blood markers after combining results
remain poor with a sensitivity of 31.1% after combining
WCC, CRP, and bilirubin. This would indicate that such
tests are not very sensitive and are rather helpful to aid
with the diagnosis, hence the very high specificities.
Here, we established a high specificity of 95% and a
high PPV approaching 98% of appendicitis after com-
bining WCC, CRP, and bilirubin. Therefore, patients pre-
senting with right iliac fossa pain with elevated levels of
WCC, CRP, and bilirubin, their likelihood of having
appendicitis is 98%.

A significant number of studies in the literature have
examined the value of hyperbilirubinemia in the predic-
tion of appendicular perforation. In a recent diagnostic
meta-analysis study done by Giordano et al,24 the authors
who studied 5,000 patients concluded that hyperbilirubi-
nemia alone is not a strong enough predictor of perfora-
tion. A study by Khan5 showed that 86% of patient with
appendicitis and its complications have developed hyper-
bilirubinemia. Another study published by Emmanuel
et al in 20119 showed that hyperbilirubinemia is a signif-
icant marker for simple acute appendicitis and not only
for appendiceal perforation. The authors have also found
that elevated serum bilirubin had a high specificity of
88% and a PPV of 91% for simple acute appendicitis.
These results are mirrored by the findings of our study,
which showed almost identical results (specificity 80.3%
and PPV 93.7%).

Our study has its limitations, allowing the retrospective
nature of our study; it was not possible to identify the main
pathology or diagnosis made in those patients who have
normal appendix histology with raised inflammatory markers.
It is, however, only acceptable to assume that a possible
urologic or gynecologic pathology could have been the cause.

Conclusion

In conclusion, this study highlights the value of blood
markers in the diagnosis of acute appendicitis. This is
particularly important in patients with equivocal symptoms
or in female patients with a differential diagnosis of a
gynecologic pathology. Furthermore, it highlights the
importance of hyperbilirubinemia in the diagnosis of
appendicitis. The diagnosis of acute appendicitis, however,
remains multifactorial and such tests simply help to guide
the surgeon in the decision-making process. Patients
presenting with elevated levels of serum bilirubin in the
context of right iliac fossa pain warrant early surgical
intervention.
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