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Patients with clinical acute appendicitis should
have pre-operative full blood count and C-reactive

protein assays
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Supplementary measures designed to improve diagnostic
accuracy include scoring systems,' computer-aided
analysis,’ laparoscopy”® and radiological imaging.’ Though
novel inflammatory markers including interleukin-6 have
been assessed with little additional merit,''> the most
commonly used are total white cell count (WCC),
neutrophil count (NC) and C-reactive protein (CRP).

A recent meta-analysis has attempted to address the role
of both clinical features and inflammatory markers in the
diagnosis of acute appendicitis.'”> The author concluded
that: ‘elements of the disease history, clinical findings and
results of laboratory tests are weak individual discrimina-
tors of appendicitis. However, in combination, they provide
high discriminatory power.” Although the data presented
did indeed demonstrate poor isolated performance for
WCC, NC and CRP in discriminating normal from acute
appendices, there is little to support the main conclusion.
Only one analysis (based a previous paper by the author'*)

addresses the combination of clinical and laboratory factors
on diagnosis. It would, however, be correct to state that, in
combination, inflammatory markers appear to have a high-
er discriminatory capacity, although the results are based
on only four papers.

Patients and Methods

Between 5 October 2000 and 2 November 2003, the author
performed 80 appendicectomies for a clinical diagnosis of
appendicitis. A prospective database was held detailing
demographic data, pre-operative inflammatory markers,
operative findings, histological results, complications and
outcomes relating to 80 consecutive patients operated upon
for clinical appendicitis. No identifying patient data were
recorded aside from hospital numbers. All information was
stored in a password-protected database. Patients of all age
groups were included.
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Of the 80 patients operated upon, five were excluded.
Three patients had no notes available for review subse-
quent to discharge. Two patients were excluded due to con-
founding second pathologies in the presence of a normal
appendix (one female with a ruptured ovarian cyst and one
male with sigmoid colonic diverticulitis).

The 75 patients (38 female, 37 male) were from all age
groups. There was no significant difference (Mann-Whitney
U-test, P = 0.518) between the age distributions of the male
and female groups (median age female 23 years, range 7-65
years; male 22 years, range 9-70 years). The decision to
operate was made based on a combination of clinical and
laboratory factors by the admitting surgical team. Clinicians
assessing the patients had access to their inflammatory
markers.

Three markers were studied: total white cell count
(Beckman-Coulter GENS), neutrophil count (Beckman-
Coulter GENS) and C-reactive protein (Roche 917 clinical
chemical analyser. Absolute values and values as per our
laboratory reference ranges were used. Because the upper
limit of normal for the total WCC differs with age and sex
within our laboratory, for the purpose of analysis:

‘Test positive’ = Reference value — Actual count

Thus: upper limit of normal = 0; raised value, positive test <
0; and reduced value, normal test > 0. The NC was common
to all groups with an upper reference value of 7.5 x 10 per 1.
CRP was assayed with an upper reference value of 12 mg/1.
Fourteen patients did not have a pre-operative CRP assay
(8 male, 6 female; average age 16 years, range 9-36 years).
Ten patients did not have a pre-operative full blood count (6
male, 4 female; average age 15 years, range 9-36 years).
Of 75 appendices, 58 were confirmed to represent three
grades of acute appendicitis. Seventeen were normal.
Histologically, the appendices were categorised as: (i) nor-
mal (n = 17), no evidence of inflammatory infiltrate; (ii)
acute uncomplicated (n = 44), inflammatory infiltrate of the
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Figure 1 Absolute white cell count by category of appendix.

muscularis without peritonitis; (iii) acute complicated (n =
13), perforation or necrosis; and (iv) acute-on-chronic (n =
1). Two patients (female 39 years, male 36 years) demon-
strated carcinoid tumours of the appendix.

Statistical analysis
Four methods of statistical analysis were used: (i)
categorical data were analysed using Fisher’s exact test; (ii)
interval data were analysed for normality using Levene’s
test and for variance using the Shapiro-Wilks test; (iii)
parametric data were analysed using Student’s ¢-test and a
one-way ANOVA with post-hoc LSD testing; and (iv) non-
parametric data were analysed using the Mann-Whitney U
and Kruskal-Wallis tests

A P-value of < 0.05 was taken to be statistically signifi-
cant for all tests.

Table 1
Absolute values (Figs 1-3) Categorical
Fisher’s exact
Marker Overall P-value Subgroup P-value test P-value
WCC ANOVA 0.001 Normal — acute uncomplicated < 0.001 0.003
Normal — acute complicated 0.048
Acute uncomplicated — acute complicated 0.168
Neutrophil count ~ ANOVA 0.001 Normal — acute uncomplicated < 0.001 0.004
Normal — acute complicated 0.30
Acute uncomplicated — acute complicated 0.208
C-reactive protein  Kruskal-Wallis 0.075 0.184
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Figure 2 Absolute neutrophil count by category of appendix.

Figure 3 Absolute C-reactive protein level by category of appendix.

Relationship between histological grade, abscess and

inflammatory markers

The following relationships were assessed:

1. Absolute inflammatory marker levels and the histological
category of the appendix.

2. Markers and appendices in terms of ‘test high/normal’
versus ‘appendix normal or abnormal’ (in which abnormal
appendices were pooled).

5. Between inflammatory markers and abscess for
absolute levels and ‘test normal/abnormal’

‘Abscess’ was defined macroscopically at laparotomy as an

enclosed collection of purulent fluid.

Results

Inflammatory markers and appendicitis
Absolute values for WCC and NC were analysed with a one-

Table 2
Marker Generic

OR 95% ClI OR
wcCC 7 2-25 17
NC 8.5 2.2-30 8
CRP 2.5 0.7-9 3
WCC and NC 9 2.25-35 15
WCC and CRP 12 2-71 17
NC and CRP 16 2.4—>100 17
All three 18 2.6—>100 34

way ANOVA, using LSD post-hoc testing for subgroup
comparisons. CRP did not conform to a normal distribution in
all groups; therefore, a Kruskal-Wallis test was performed. The
results are displayed graphically in Figures 1-3 and analysed
in Table 1.

Inflammatory markers were assessed as ‘test positive/neg-
ative’ against laboratory reference ranges for distinction
between normal and abnormal (pooled) appendices. Data
were analysed using the Fisher exact test (Table 1).

Odds ratios were calculated for the three markers indi-
vidually and in combination and are presented in Table 2.
This simply expresses the ratio of the odds of having appen-
dicitis when the test is positive and when it is not. For exam-
ple, an OR of 7 for WCC in males suggests that a male (with
clinical features of appendicitis requiring laparotomy and a
WCC above the reference limit) is 7 times as likely to have
appendicitis as a normal appendix.

Male Female
95% Cl OR 95% Cl
1.4-210 4 0.8-18
0.8-80 5.7 1.1-28
0.3-28 2.2 0.5-11
1->100 6 1.1-32
1->100 12 0.9->100
1->100 15 1.1->100
1.5->100 12 0.9—>100

Ann R Coll Surg Engl 2006; 88: 27-32 29



BIRCHLEY PATIENTS WITH CLINICAL ACUTE APPENDICITIS SHOULD HAVE
PRE-OPERATIVE FULL BLOOD COUNT AND C-REACTIVE PROTEIN ASSAYS
250
250+
200
20.0 E
B o
=] o
o =
[X] = 150=
T 1507 g'
(1] bt
e 5
= (]
= =z 10.0=
= 100+
50
50=
T T 1 1
Mo Yes Yes
Abscess Abscess
Figure 4 White cell count versus abscess. Figure 5 Neutrophil count versus abscess.

Inflammatory markers and abscess

Markers were examined against the presence or absence of
an abscess using absolute levels (Figs 4-6) and ‘test normal
or abnormal’ (Table 3). Masses without abscess (2 patients)
were categorised as no abscess for analysis.

As has been reflected in the diversity of approaches taken to
analysing the relationship between the diagnosis of acute append-
icitis and inflammatory markers, a number of other methods may
be used in order to quantify the diagnostic merit of a test or com-
bination of tests. Interpretations of the data were made using sen-
sitivity and specificity, predictive values, odds ratios and likelihood
ratios based on Bayes’ theorem. P-values were calculated to test
null hypotheses for both categorical and interval data.

LIKELIHOOD RATIOS

The likelihood ratio is an evolution of simple sensitivity and
specificity. It exists in two forms for the data described - the likeli-
hood ratio of having appendicitis given a positive test result (LR*)

Table 3

Absolute values Categorical

Fisher’s

Marker Test P-value exact test
White cell count  Student’s 0.756 0.258
Neutrophil count  Student’s 0.910 0.804
C-reactive Mann-
protein level Whitney U 0.003 0.159

30 Ann R Coll Surg Engl 2006; 88: 27-32

and the likelihood ratio of having appendicitis given a negative
test result (LR"). A value of greater than one implies greater
likelihood, and a value of less than one a lesser likelihood.
Sensitivity
IRt = —478 ¥ — LR =
1 — Specificity

1 — Sensitivity
Specificity
PROBABILITIES USING BAYES’ THEOREM

The prevalence of appendicitis within the sample and likelihood
ratios for appendicitis given a categorical test result were
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Figure 6 C-reactive protein level versus abscess.
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calculated. These were combined to give the probability of
appendicitis in a patient who clinically required laparotomy for
appendicitis, taking into account the results of inflammatory
markers. Because the number of patients varied between tests
(i.e. not all patients had all tests), the prevalence varied between
sub-groups.

First, the prevalence for each test was calculated:

Prevalence = Proportion of patients with condition
=(A+C)/A+B+C+D)

This allows for the calculation of the odds of having
appendicitis based on clinical suspicion, prior to the results
of the inflammatory markers:

Prior Odds = Prevalence/(1 - Prevalence)

The positive post-test odds (PPTO) provides the odds of
having appendicitis after the results of the inflammatory
markers are taken into account:

PPTO = Prior odds x LR*

Conversely, the negative post-test odds (NPTO) provide the
odds of having appendicitis given a negative test result:

NPTO = Prior odds x LR~
These odds may be converted to probabilities:
Probability = Post-test odds/(Post-test odds + 1)

Within this study, the most important decision is whether or
not to operate on a patient with clinical features of acute
appendicitis. It is, therefore, essential that we know the
probability of having a normal appendix given a negative
test result, rather than the probability of having appendicitis
given a negative test result. Consequently for negative
probability, the value is subtracted from 1:

Probability of having a normal appendix
given a normal test result = 1 — (NPTO/[NPTO + 1])

The results are summarised in Table 4.

Discussion

The data in this study would support the conclusion that
inflammatory markers are supportive of the diagnosis of
appendicitis during the assessment of patients felt clinically
to require laparotomy for acute appendicitis. When used
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individually, both the absolute and categorical WCC and NC
distinguish normal appendices from acute appendicitis,
though they do mnot distinguish uncomplicated from
complicated appendices. Neither do they individually predict
abscess when used as absolute or categorical variables.

CRP has no definite value for predicting acute appendici-
tis in either its absolute or categorical forms, though a sig-
nificantly elevated level is strongly suggestive of abscess.

The greatest odds ratio for generic diagnosis was
obtained using all three markers (WC, NC and CRP) in com-
bination (OR = 18). The considerable variability in the con-
fidence 95% CI limits (2.6—->100) is probably reflective of the
small sample size.

In males, three markers gave an OR of 34 (1.5->100). In
females the greatest OR was 15 (1.1->100), making inflam-
matory markers less effective in supporting the diagnosis of
acute appendicitis in females.

In terms of excluding appendicitis in the patient felt clin-
ically to require laparotomy, the inflammatory markers
were less effective. Normal values for WCC, NC and CRP
excluded appendicitis with a 71% probability in a generic
context, 67% in males and 75% in females.

Conclusions

Laboratory tests of the white cell count, neutrophil count
and C-reactive protein are more effective in supporting a
clinical diagnosis of acute appendicitis in patients with
typical clinical features than in excluding the diagnosis.
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