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White blood cell count and C-reactive protein
together remain useful for diagnosis and staging
of acute appendicitis in children
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Background. Acute appendicitis (AA) is the most common acute surgical condition of the abdomen, and the most commonly misdiagnosed.
Objective. To analyse the white blood cell count (WBCC) and C-reactive protein (CRP) contribution to the diagnosis of AA in children.
Methods. This was a retrospective study of 943 consecutive patients operated on with the preoperative diagnosis of AA, in whom preoperative
WBCC and CRP had both been measured. Postoperatively, the patients were divided into three groups: normal appendix (no AA), simple AA
and complicated AA.

Results. Of the 943 patients, 616 (65.3%) had simple AA. The mean (standard deviation (SD)) age for this group was 9.8 (3.2) years (p<0.01
v. complicated AA), the mean WBCC was 16.5 (5.0) x 10°/L (p<0.01 v. complicated AA and no AA), and the mean CRP level was 304.8
(409.5) nmol/L (p<0.01 v. complicated AA). The mean age of the patients with complicated AA (283/943, 30.0%) was 7.9 (3.7) years, the mean
WBCC was 17.7 (6.2) x 10°/L (p<0.01 v. no AA) and the mean CRP level was 1 076.2 (923.8) nmol/L (p<0.01 v. no AA). The mean age of the
patients with no AA (44/943, 4.7%) was 8.8 (3.2) years, the mean WBCC was 13.1 (5.3) x 10°/L and the mean CRP was 361.9 (447.6) nmol/L.
The WBCC was normal in 113/899 patients with appendicitis (12.6%) and CRP in 139 (15.5%). Both the WBCC and CRP were normal in
17 patients with appendicitis (1.9%). The best receiver operating characteristic (ROC) curve was obtained for WBCC when comparing all AA
with no AA: cut-off point 15.0 x 10°/L, sensitivity 65%, specificity 68%, area under the curve 0.70. The best ROC curve for CRP was obtained
when comparing simple AA with complicated AA: cut-off point 361.9 nmol/L, sensitivity 74%, specificity 74%, area under the curve 0.81.
Conclusions. The WBCC is helpful in diagnosing simple AA and CRP in diagnosing complicated AA. If both are normal, AA is very unlikely.

Together the WBCC and CRP are useful tools in diagnosing and staging AA.
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Acute appendicitis (AA) is the most common acute surgical
condition in childhood. The lifetime risk for AA is 9% for men
and 7% for women, and the peak incidence occurs between
ages 11 and 12 years.!" In children, the classic clinical picture of
AA is rare and the diagnosis cannot always be based on history
and physical examination alone. The diagnosis of AA is often
challenging even in experienced hands, and it is still frequently
misdiagnosed. Delays in diagnosis, ranging from 50% to 84% of
cases,'>* often lead to complicated AA in children aged <5 years.
On the other hand, the rate of overdiagnosis leading to negative
appendicectomy varies according to age and sex, ranging from
10% to 30%.!*! Diagnostic errors in AA have significant economic
implications. In a recently published study, the hospital costs of
negative appendicectomy in the USA were >USD740 million over
a 1-year period.'”)

The introduction of ultrasonography and computed tomography
(CT) has improved the accuracy of AA diagnosis in recent years.
However, heavy reliance on these imaging modalities has some
disadvantages. First, CT exposes the patient to radiation and
may increase the lifetime risk of cancer. Second, equipment and
doctors qualified to interpret images are not always available for
every patient in all hospitals worldwide.!¢*)

Leucocytosis and an elevated CRP level have been associated
with AA, but there are contradictory results in the literature

regarding the contribution of each individual laboratory test
or the combination of several values in children. Moreover, the
majority of the studies involve small numbers of patients.*¢!

Objective

To analyse the individual and combined values of the white blood
cell count (WBCC) and C-reactive protein (CRP) level in the
diagnosis and staging of AA in a large series of children.

Methods

This cross-sectional diagnostic test study was performed in
children operated on for AA between August 2007 and December
2011. The Bioethics Committe for Human Research, Faculty
of Medicine, Universidad de Valparaiso, Chile, approved the
study (date 21 August 2015, no reference number). The medical
records were reviewed and the preoperative laboratory tests and
intraoperative findings recorded. The inclusion criteria were
patients aged <15 years operated on with a presumptive diagnosis
of AA, in whom both preoperative WBCC and CRP had been
measured. Patients who underwent an interval appendicectomy
after non-surgical treatment of AA were excluded from the study.

The WBCC was expressed as x 10°/L and CPR as nmol/L. The
upper limit of the reference interval for WBCC was 12.0 x 10%/L11?
and that for CPR was 57 nmol/L.!"*!7)
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Postoperatively, all patients included in the study were divided into
three groups according to the intraoperative macroscopic findings,
as follows:

o Normal appendix (no AA). All patients operated on with the
preoperative diagnosis of AA but in whom the appendix was
found to be macroscopically normal. The findings on histological
analysis of the appendix in this group were recorded.

o Simple AA. All non-perforated AA.

o Complicated AA. Perforated appendix, peritonitis, appendicular
abscess and appendicular mass.

Statistical analysis

Means (standard deviations (SDs)) were used to describe the numeri-
cal variables. Statistical analysis was performed with parametric tests
(Student’s t-test or analysis of variance). A cross-sectional analysis of
the diagnostic tests was performed where sensitivity, specificity and
likelihood ratios were calculated. Receiver operating characteristic
(ROC) curves were also elaborated for each test and prediction, cal-
culating the area under the curve with a confidence interval of 95%.
The level of significance was set at p<0.05.

Results

A total of 943 patients were recruited. The number of patients, gender,
mean age and mean WBCC and CRP for each group are shown in
Table 1. Of the 943 patients, 899 had a postoperative diagnosis of
AA and 44 had a normal appendix. The majority of the patients with
AA fell into the simple AA group (n=616, 65.3%). There were only
44 patients (4.7%) with normal appendices. In both AA groups, the
vast majority of patients were boys, whereas patients with a negative
appendicectomy were mostly girls. Mean age was significantly lower
in the complicated AA group than in the other two groups.

Table 1 shows that the WBCC was significantly higher in the
patients with AA than in those without. However, separate analysis
of the three groups showed that the WBCC was significantly higher
in patients with simple AA that in those with no AA, and that
patients with complicated AA had higher values than those in the
other two groups. CRP was not significantly increased in the overall
group of AA compared with the no AA group. CRP was comparable
in the simple AA and no AA groups, but was significantly increased
in cases of complicated AA in comparison with the other two
groups.

Of the 44 patients with a negative appendicectomy, only 5 had
no other intra-abdominal cause of pain; 24 children (54.5%) had
mesenteric lymphadenitis, 8 (18.2%) had a primary peritonitis, 3 girls
had a gynaecological disease, and 4 patients had other diagnoses.

The proportion of simple v. complicated AA varied according
to age group. Of the 160 children aged 1 - 5 years, 7 (4.4%) had a
normal appendix, 67 (41.9%) had simple AA and 86 (53.8%) had
complicated AA. Of the 404 children aged 6 - 10 years, 24 (5.9%) had
a normal appendix, 263 (65.1%) had simple AA and 117 (29.0%) had
complicated AA. Of the 379 children aged 11 - 15 years, 13 (3.4%)
had a normal appendix, 286 (75.5%) had simple AA and 80 (21.1%)
had complicated AA.

Patients with normal laboratory results are described in Table 2.
There was a similar number of patients with a normal WBCC in the
simple AA and complicated AA groups. CRP levels were normal in
only 4.2% of patients with complicated AA and 20.6% of those with
simple AA. Only 1.9% of the entire group of patients with AA had
both WBCCs and CRP levels within the normal ranges

To investigate the diagnostic values of the WBCC and CRP further,
ROC curves were calculated (Table 3 and Fig. 1).

Discussion

AA is the most common acute surgical problem in childhood and is
frequently misdiagnosed. WBCC and CRP are laboratory tests that
are often used to aid diagnosis in children with right lower quadrant
pain. Most studies analysing the contribution of inflammatory
markers in AA are contradictory, probably because they involved
small series of patients, sometimes only numbering 100.°¢®! The
present study on the contribution of inflammatory markers to the
diagnosis of AA was done on >900 patients, making it one of the
largest paediatric series reported to date.

The proportion of simple and complicated AA in our study was
similar to other paediatric series.">'*?! The negative appendicectomy
rate was 5%, which is quite low.?"?! The mean age at diagnosis of
AA was similar to those reported in other studies.!'"'>!") However,
children with complicated AA were significantly younger than those
with simple AA. In the group of children up to 5 years old, more
than 50% cases of AA were complicated,?*?! probably because the
diagnosis of complicated AA is a particularly difficult one in this age
group. Interestingly, the negative appendicectomy rate in this series
was similar in all age groups.

Table 1. Operative findings and laboratory results in patients operated on for suspected AA (N=943)

Age (yr), WBCC (x 10°/L), CRP (nmol/L),
n (%) Males/females, n/n mean (SD) mean (SD) mean (SD)
No AA 44 (4.7) 13/31 8.8 (3.2) 13.1 (5.3) 361.9 (447.6)
Simple AA 616 (65.3) 404/212 9.8 (3.2)* 16.5 (5.0)* ** 304.8 (409.5)*
Complicated AA 283 (30.0) 172/111 7.9 (3.7) 17.7 (6.2)** 1076.2 (923.8)**
Simple plus 899 (95.3) 576/323 9.2 (3.5) 16.9 (5.4)** 552.4 (723.8)
complicated AA
AA = acute appendicitis; WBCC = white blood cell count; CRP = C-reactive protein; SD = standard deviation.
*p<0.01 v. complicated AA; **p<0.01 v. no AA.
Table 2. Correlation of the operative findings with normal WBCC, CRP or both
Complicated AA Simple plus complicated

No AA (n=44), n (%) Simple AA (n=616), n (%) (n=283), n (%) AA (n=899), n (%)
Normal WBCC 17 (38.6) 72 (11.7) 41 (14.5) 113 (12.6)
Normal CRP 14 (31.8) 127 (20.6) 12 (4.2) 139 (15.5)
Normal WBCC + CRP 7 (15.9) 16 (2.6) 1(0.3) 17 (1.9)

WBCC = white blood cell count; CRP = C-reactive protein; AA = acute appendicitis.
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Patients operated on for AA were mainly
boys in all groups, in accordance with most
previous reports. 202520l other
researchers have found similar proportions
of boys and girls, 10121418191 and even a

However,

predominance of girls over boys.'” It is
interesting to point out that patients with
negative appendicectomies were mainly
girls,!® even when the three patients in this
group who had a gynaecological disease are
excluded. These findings suggest that girls
with right lower quadrant pain should be
particularly carefully investigated.

The contribution of the WBCC to the
diagnosis of AA in children is controver-
sial. It has been reported that the WBCC

was increased in children with AA in com-
parison with those with negative appendi-
cectomies.!"*'®l However, other studies did
not find differences in the WBCC between
the two groups. Stefanutti et al.,l'” in a study
of 100 patients who underwent appendi-
cectomy, found similar results in children
with simple AA and those with negative
operative findings. Kim et al.'” found no
differences in the WBCC between children
with AA, those with a perforated appendix
and those with negative appendicectomies.
The results of the present study, involving
a large number of patients, demonstrated
that WBCC was significantly increased in
children with AA in comparison with those
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Fig. 1. ROC curves for WBCC and CRP, distinguishing between all patients with AA and patients
with no AA (A), between patients with simple AA and patients with no AA (B), between patients
with complicated AA and no AA (C), and between patients with simple AA and complicated AA (D).

(ROC = receiver operating characteristicc WBCC =

AA = acute appendicitis.)

white blood cell count; CRP = C-reactive protein;

Table 3. Cross-sectional analysis of WBCC and CRP

with a negative appendicectomy, and also
that the WBCC was higher in complicated
AA than in simple AA.

We found that CRP levels were similar
in children with simple AA and negative
appendicectomies. As inflammation of the
appendix progresses, CRP increases, reaching
values three times higher in complicated
AA than in simple AA. Although CRP is
therefore not a useful inflammatory marker
for simple AA, it does seem useful for
detecting appendiceal perforation. These
results are in accordance with some earlier
reports.[lu,ll‘l6,19‘25]

Several studies of adult patients have
reported that when the WBCC and CRP
are normal, the diagnosis of AA can be
excluded with high accuracy.'*?728] The
present study showed that children with
AA quite frequently have either a normal
WBCC or normal CRP. However, both
values were in the normal range in only 1
out of 52 patients with AA. These findings
are valuable and are in agreement with
previous reports.!112!

ROC analysis enables improved estimation
of the usefulness of diagnostic tests. However,
ROC curves of inflammatory markers in AA
in children have rarely been used.!""'**! We
therefore included this analysis in our study
to assess the overall diagnostic value of the
WBCC and CRP in AA. Using ROC curves,
a substantial degree of heterogeneity was
observed for CRP and WBCC.

The WBCC had a mediocre discriminative
capability in the overall diagnosis of AA. Of
the two laboratory markers, CRP had better
discriminative capability in staging AA.
A CPR level >362 nmol/L was 2.81 times
more frequent in patients with complicated
AA than in those with simple AA. These
findings are also in agreement with some
previous studies.1:1%2°]

WBCC cut-off Specificity

point (x 10°/L) Sensitivity (%) (%) LR+ AUC (95% CI) Conclusion
No AA v. all AA 15.0 65 68 2.05 0.70 (0.62 - 0.78) Regular test
No AA v. simple AA 14.8 65 64 1.78 0.69 (0.61 - 0.78) Bad test
No AA v. complicated AA  15.0 69 68 2.16 0.73 (0.65 - 0.81) Regular test
Simple AA v. complicated ~ 17.0 57 55 1.78 0.56 (0.52 - 0.60) Bad test
AA

CRP cut-off point Specificity

(nmol/L) Sensitivity (%) (%) LR+ AUC (95% CI) Conclusion
No AA v. all AA 219.0 50 56 1.23 0.57 (0.49 - 0.66) No association
No AA v. simple AA 157.1 49 50 0.98 0.48 (0.38 - 0.57) No association
No AA v. complicated AA  428.6 69 68 2.16 0.78 (0.72 - 0.86) Regular test
Simple AA v. complicated ~ 361.9 74 74 2.81 0.81 (0.79 - 0.85) Good test

AA

WBCC = white blood cell count; CRP = C-reactive protein; AA = acute appendicitis; LR+ = positive likelihood ratio; AUC = area under the curve; CI = confidence interval.
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Conclusions

The WBCC and CRP level together are useful laboratory tests for
diagnosing and staging AA. Whereas an increase in WBCC is an
early marker of inflammation of the appendix, CRP is superior in
reflecting its perforation. AA is very unlikely in a patient with a
normal WBCC and CRP level.
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