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ABSTRACT

Aim:

Low levels of  white blood cell (WBC) count and C-reactive protein (CRP) have been suggested 
to sufficiently rule out acute appendicitis. The diagnostic value is likely to depend on duration 
of  complaints. The aim of  this study was to evaluate the accuracy of  these inflammatory 
markers in relation to duration of  symptoms in patients suspected of  acute appendicitis.

Methods

Patients suspected of  having acute appendicitis were retrospectively selected from five 
prospective cohorts of  patients with acute abdominal pain presenting at the emergency 
department in two European countries. Only adult patients with clinical suspicion of  acute 
appendicitis based on medical history, physical examination and laboratory studies  at the time 
of  registration in the original cohorts  were included in the present analysis. WBC count and 
CRP level were determined in all patients and a final diagnosis was assigned to every patient 
by an expert panel based on all available clinical data and follow-up. For categories based 
upon symptom duration the diagnostic accuracy of  single and combined cut-off values was 
determined and negative predictive values (NPV) and positive predictive values (PPV) were 
calculated. Furthermore, subgroup analyses for age (< 40 years or ≥ 40 years) and gender 
were performed. 

Results

In total, 1024 patients with clinically suspected  acute appendicitis were included, of  which 
580 (57 per cent) were assigned a final diagnosis of  appendicitis. No value of  WBC count, 
CRP level or their combination resulted in a NPV of  more than 90 per cent, regardless of  
the duration of  symptoms. A WBC count of  > 20 x 109/L in combination with symptoms 
for more than 48 hours was associated with a PPV of  100 per cent. However, only 8 of  1024 
patients (1 per cent) fulfilled these criteria, and the clinical applicability is therefore limited. No 
other cut-off level of  WBC count, CRP level, or their combination, resulted in a PPV of  more 
than 80 per cent, regardless  of  the duration of  symptoms. In female patients normal levels 
of  CRP and WBC count more accurately excluded the diagnosis of  appendicitis than normal 
levels did in male patients.

Conclusion

No WBC count or CRP level can safely and sufficiently confirm or exclude the suspected 
diagnosis of  acute appendicitis in patients who present with abdominal pain of  five days or 
less in duration.  
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INTRODUCTION

Although acute appendicitis is one of  the most common underlying conditions in patients 
presenting with acute abdominal pain at the emergency department, its diagnosis remains 
a clinical challenge.1,2 Currently, almost all adult patients suspected of  having appendicitis 
undergo imaging studies to rule-in or rule-out  the diagnosis, as suggested in  national 
guidelines.3,4 The increased use of  imaging has been shown to successfully improve diagnostic 
accuracy and to decrease the negative appendectomy rate.5-7  However, several disadvantages 
are associated with imaging. It is time-consuming, can contribute to emergency-department 
(ED) crowding and, in case of  computed tomography (CT), exposes patients to ionizing 
radiation and is therefore associated with the risk of  cancer induction and cancer related 
death. Methods to exclude or confirm the suspected diagnosis of  acute appendicitis, without 
performing imaging, are therefore desirable. 

The inflammatory markers white blood cell count (WBC) and C-reactive protein (CRP) 
are widely used in the diagnostic process in patients with suspected appendicitis. The diag-
nostic value of  these markers in acute appendicitis has been extensively studied and both are 
shown to fall short when used as a single diagnostic marker.8 However, when combined they 
show high discriminatory power.8 Furthermore, low levels of  inflammatory markers have been 
suggested to sufficiently rule out acute appendicitis.9-11 The diagnostic value seems to depend 
on duration of  complaints. The diagnostic value is claimed to be higher in patients presenting 
with symptoms for more than 12 hours.11, 12 A similar effect of  the duration of  symptoms 
on the diagnostic accuracy of  several diagnostic tests for acute appendicitis has previously  
been demonstrated.13-16 

The aim of  the present study was to evaluate the diagnostic accuracy of  WBC count 
and CRP level, in relation to duration of  symptoms, in patients clinically suspected of  acute 
appendicitis.

METHODS

Study Design

This was a retrospective review of  five cohort studies.1,17–22 All studies were approved by the 
medical ethics committee of  the initiating centre. All patients included in the two multicentre 
diagnostic accuracy studies gave written informed consent. For all other studies, the need for 
informed consent was waived by the medical ethics committee. The first study was financially 
supported by Dalarna Country Council, the Bengt Ihre foundation, and the Department 
of  Surgery in Mora.17 The multicentre diagnostic accuracy studies were both funded by 
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the Dutch Organization for Health Research and Development as part of  the Health Care 
Efficiency Research program (ZonMw grant no. 94504308 and 171001005).1,18 There was 
no involvement of  any organization in the design of  this study, nor in the data analysis and 
preparation of  the manuscript.

Study setting and population

Patients with clinically suspected acute appendicitis were selected from five cohorts of  patients 
with   acute abdominal pain presenting at the ED in two European countries (Sweden and 
the Netherlands). The clinical suspicion of  appendicitis by the attending physician was made 
and registered prospectively in all five original study cohorts.  For this study we retrospectively 
selected, from the electronic databases of  the original five studies, all patients who had been 
designated to have suspicion of  acute appendicitis by their examining physicians. Details on 
these cohorts are given in Table 1.1,17–22 The quality of  the five cohorts was assessed with use of  
the QUADAS-2 tool (Appendix 1).23 The first cohort included prospectively enrolled patients 
with abdominal pain up to 7 days’ duration presenting at a single centre between February 
1997 and June 2000.17 Data on the second cohort of  patients were collected as part of  a 
multicentre diagnostic accuracy study on imaging strategies in patients with acute abdominal 
pain. Adult patients were included between March 2005 and December 2006 at the ED if  
they presented with non-traumatic abdominal pain of  more than 2 hours’ and less than 5 
days’ duration.1,18 The third cohort was part of  a study on the efficacy of  standard outpatient 
revaluation and enrolled patients with acute abdominal pain presenting at a single centre 
between June 2005 and

July 2006.19 The fourth cohort included patients suspected of  having acute appendicitis 
between March and September 2010. In this multicentre diagnostic accuracy study, imaging 
strategies with conditional contrast-enhanced CT and unenhanced magnetic resonance 
imaging were compared in patients with suspected appendicitis.20,21 The final cohort was 
prospectively collected as part of  a multicentre study on the inter-examiner difference in 
diagnosis in acute abdominal pain and the role of  decision tools.22 This final cohort included 
patients presenting with abdominal pain with a duration of  more than 2 hours and less than 5 
days between December 2009 and January 2013.

For each patient in all described cohorts, the attending physician at the ED or a surgical 
resident made a clinical diagnosis at the time of  the study. This diagnosis was based on medical 
history, physical examination, and laboratory tests. Only adult patients (≥18 years of  age) who 
were clinically suspected of  having acute appendicitis were selected from the five cohorts and 
were included in the current analysis. Specific criteria for the clinical diagnosis of  appendicitis 
were not set; this was left to the discretion of  the attending physician. Patients less than 18 years 
of  age and patients with symptoms for more than 5 days were excluded. Furthermore, patients 
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with missing data on duration of  symptoms, WBC count, or CRP level were also excluded. 
If  patients had multiple ED visits, only data from the first visit were included in the analysis.

Study protocol

In all studies, the attending physician at the ED or a surgical resident assigned a clinical 
diagnosis to each patient based on medical history, physical examination, and laboratory 
tests. Medical history included the duration of  symptoms, which was defined as the period 
from the moment the patient first felt ill until the time of  presentation at the ED, as reported 
by the patient. Blood samples for WBC count and CRP level determination were routinely 
obtained in all patients directly or shortly after presentation at the ED. The reference standard 
for the diagnosis of  appendicitis for our study was based on that of  the original studies: the 
final diagnosis as assigned to each patient by an expert panel, based on all available data 
(histopathology, imaging, surgical findings and clinical information and follow-up; Table 1).

Data Analysis

Means with standard deviation (SD), nonnormally distributed continuous data as medians 
with interquartile ranges (IQRs). The characteristics of  patients with a final diagnosis of  
acute appendicitis were compared with patients with alternate diagnoses with unpaired 
t-tests, Mann-Whitney U-tests, and chi-square tests, as appropriate. To correct for multiple 
comparisons, a Holm-Bonferroni correction was applied to all p-values. The capacity of  both 
WBC count and CRP level to discriminate patients with acute appendicitis from patients 
without appendicitis was characterized by calculating the area under the corresponding 
receiver operator characteristics curve (AUC). An AUC of  0.80 or higher was considered to 
indicate good discrimination.24 Values of  CRP and WBC counts were categorized into several 
clinically applicable cut-off values (10, 15, and 50 mg/L for CRP; 10 9 109 and 15 9 109/L 
for WBC count). The diagnostic accuracy of  these cut-off values and combinations for acute 
appendicitis was determined by regarding patients with inflammatory marker levels higher 
than the respective cut-off levels as   “test-positives” and patients with appendicitis as “disease-
positives.” Subsequently, for each of  the cut-off values the test results were compared with the 
final diagnoses and 2 x 2 contingency tables were  constructed. Positive predictive values (PPV) 
and negative predictive values (NPV) with corresponding 95 per cent confidence intervals (CI) 
were calculated for each cut-off value, with PPV indicating the probability of  having acute 
appendicitis when presenting with inflammatory marker levels above the cut-off value. We 
also calculated the number of  missed cases of  appendicitis (i.e., patients with appendicitis and 
inflammatory marker levels below the cut-off value) and the number of  false-positive cases 
(i.e., patients without appendicitis and inflammatory marker levels above the cut-off value) 
for all studied cut-off values. The above-described analysis of  diagnostic performance was 
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performed for all included patients and repeated for each of  the three patient categories based 
on the duration of  symptoms at time of  presentation: <24, 24 to 48, and >48 hours. Subgroup 
analyses were performed for age (<40 years of  age or ≥ 40 years of  age, based on the mean 
age of  our study cohort) and sex. All statistical analyses were performed with SPSS software 
version 20.0. p-values of  0.05 or less were considered to indicate statistical significance.

Table 1 Characteristics of included cohorts

First author Laurell16 Lameris1 Toorenvliet18 Leeuwenburgh19 Gans22

Country Sweden The Netherlands The Netherlands The Netherlands The Netherlands

Inclusion period February 1997 and June 2000 March 2005 and December 2006 June 2005 and July 2006 March 2010 and September 2010 December 2009 and January 2013

Setting Single center Multicenter Single center Multicenter Multicenter

Inclusion criteria Abdominal pain up to 7 days, >1 

year old

Non-traumatic abdominal pain >2 

hours and <5 days, ≥18 years old

Non-traumatic acute abdominal 

pain

Clinically suspected of acute 

appendicitis, ≥18 years old

Non-traumatic abdominal pain >2 

hours and <5 days, ≥18 years old

Exclusion criteria Tourists Haemorrhagic shock due to 

gastrointestinal bleeding or 

ruptured aortic aneurysm, pregnant 

women, patients considered to be 

discharged without imaging

Radiological examination prior to 

consultation at ED, consultation 

for same complaint at different 

hospital

Contraindication for MR imaging, 

in need of intensive vital organ 

function monitoring, pregnant 

women

Haemorrhagic shock due to 

gastrointestinal bleeding or 

ruptured aortic aneurysm, pregnant 

women

Number of adult patients in 

original cohort 

2851 1021 503 230 (294)

Diagnosis of suspected 

appendicitis

By attending physician based 

on history, symptoms, clinical 

signs and results of laboratory 

investigations (no specific criteria)

By attending physician based 

on medical history, physical 

examination, and initial laboratory 

investigations (no specific criteria)

By surgical resident based on 

the patient’s history, physical 

examination, and biochemical 

blood and urine analyses (no 

specific criteria)

By attending physician based 

on medical history, physical 

examination,

and laboratory findings (no specific 

criteria)

By attending physician based 

on medical history, physical 

examination, and initial laboratory 

investigations (no specific criteria)

Reference standard Follow-up at 1 year with diagnostic 

criteria according to the World 

Organization of Gastroenterology 

multinational survey on acute 

abdominal pain35

Diagnosis by expert panel (two 

gastrointestinal surgeons and an 

abdominal radiologist) bases on 

data on clinical, laboratory, and 

surgical findings; pathology results; 

imaging reports; and outcomes of 

treatment, with at least six months 

follow-up

Diagnosis by expert panel (two 

surgical residents) based on intra 

operative and histological findings 

in combination with follow-up

Diagnosis by expert panel (two 

surgeons and one radiologist) 

based  on histopathologic findings 

or clinical information,

imaging findings from US and CT, 

surgery, and at least 3 months 

follow-up

Diagnosis by expert panel (two 

surgeons) based on all available 

information including 3 months 

follow-up

Number of adult patients 

suspected of appendicitis included 

in the present analysis‡

200 421 57 210 136

Final diagnosis of appendicitis 106 (53%) 251 (60%) 35 (61%) 109 (52%) 79 (58%)

Age, Mean (SD) 39.4 (18.8) 39.7 (15.0) 40.4 (17.2) 37.5 (15.7) 36.1 (14.1)

Female sex , No (%) 110 (55%) 225 (53%) 25 (44%) 127 (61%) 76 (56%)

‡ Excluded were patients with symptoms > 5 days and patients with missing data on CRP level, WBC count or 

duration of symptoms
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ruptured aortic aneurysm, pregnant 

women, patients considered to be 

discharged without imaging

Radiological examination prior to 

consultation at ED, consultation 
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in need of intensive vital organ 
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Number of adult patients in 

original cohort 

2851 1021 503 230 (294)
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abdominal pain35

Diagnosis by expert panel (two 

gastrointestinal surgeons and an 

abdominal radiologist) bases on 
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surgical findings; pathology results; 
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Diagnosis by expert panel (two 

surgeons and one radiologist) 

based  on histopathologic findings 
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follow-up
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‡ Excluded were patients with symptoms > 5 days and patients with missing data on CRP level, WBC count or 

duration of symptoms

RESULTS

The five cohorts combined included a total of  1024 adult patients with clinical suspicion of  
acute appendicitis. The mean (±SD) age of  the included patients was 39 (±16.0) years, and 55 
per cent (n = 563) were female. Of  the 1024 patients, 580 (57 per cent) were assigned a final 
diagnosis of  acute appendicitis. The rate of  acute appendicitis within the separate cohorts 
ranged from 52 to 61 per cent and did not differ significantly among study cohorts (p = 0.27). 
The alternate final diagnoses of  the remaining 444 patients are listed in Table 2.
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Table 2 Final diagnoses in 1024 patients clinically suspected of having acute appendicitis

Final diagnosis Number of patients (%)

Acute appendicitis 580 (56.6)

Nonspecific abdominal pain 163 (15.9)

Acute diverticulitis 49 (4.8)

Small bowel/colon inflammation 40 (3.9)

Gynecologic disorder: non-urgent (benign adnexa cyst, 

endometriosis, uterine fibroid)

34 (3.3)

Gynecologic disorder: urgent (pelvic inflammatory disease, 

bleeding/rupture ovarian cyst)

29 (2.8)

Gastroenteritis 22 (2.1)

Urinary tract disorder: non-urgent (simple urinary tract infection) 13 (1.3)

Urinary tract disorder: urgent (urinary tract stone with obstruction, 

pyelonephritis)

12 (1.2)

Perforated viscus 9 (0.9)

Acute cholecysitits 8 (0.8)

Bowel obstruction 6 (0.6)

Constipation 6 (0.6)

Malignancy 6 (0.6)

Acute epiploic appendagitis 5 (0.5)

Cholecystolithiasis 5 (0.5)

Mesenteric lymphadenitis 3 (0.3)

Acute pancreatitis 2 (0.2)

Other 32 (3.1)

Table 3 Patient characteristics of 1024 patients clinically suspected of having acute appendicitis, 
compared between patients with a final diagnosis of acute appendicitis (n=580) and patients with 
an alternate diagnosis (n=444).

Patients with 

acute appen-

dicitis (n=580)

Patients with 

alternate diag-

noses (n=444)

Total

(n=1024)

p 

value†

Age – Mean (SD) 38.9 (15.0) 38.6 (17.2) 38.8 (16.0) 0.80

Female sex – No (%) 257 (44.3) 306 (68.9) 563 (55.0) <0.01

Duration of complaints

< 24 hours – No (%) 150 (25.9) 135 (30.4) 285 (27.8) 0.22

24 hours - 48 hours – No (%) 318 (54.8) 183 (41.2) 501 (48.9) <0.01

> 48 hours – No (%) 112 (19.3) 126 (28.4) 238 (23.2) <0.01

White Blood Cell Count x 109/L – Median 

(IQR)
13.6 (11.0-16.6) 10.9 (8.3-14.0) 12.5 (9.8-15.6)

<0.01

C-reactive protein in mg/L – Median (IQR) 37.0 (12.0-86.75) 25.8 (7.0-79.0) 34.1 (9.0-84.0) <0.01

SD = standard deviation, IQR = interquartile range, L=liter, mg=milligram
†Adjusted for multiple comparisons using the Holm–Bonferroni method
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Patient characteristics are depicted in Table 3. Female patients were more frequently 
diagnosed with an alternate diagnosis than acute appendicitis (68.9 per cent versus 44.3 per 
cent; p<0.01). Patients with appendicitis, compared to patients with an alternate diagnosis, 
more frequently presented with duration of  symptoms between 24 hours and 48 hours (54.8 per 
cent versus 41.2 per cent; p<0.01). Patients with alternate final diagnoses more often presented 
with symptoms existing for more than 48 hours compared to patients with appendicitis (19.3 
per cent versus 28.4 per cent; p<0.01). Patients with a final diagnosis of  appendicitis had a 
higher median white blood cell count (13.6 x 109/L; IQR 11.0-16.6) versus 10.9 x 109/L; IQR 
8.3-14.0); p<0.01) and a higher median CRP level (median 37.0 mg/L; IQR 12.0-86.8) versus 
median 25.8 mg/L (IQR 7.0-79.0; p<0.01) than patients with alternate final diagnoses. 

The inflammatory marker levels of  patients with and without appendicitis, subdivided 
into patient categories of  duration of  symptoms, are shown in Table 4. In all categories based 
on duration of  symptoms, patients with a final diagnosis of  appendicitis had significantly higher 
WBC counts than those with no appendicitis. CRP levels differed significantly in the subgroups 
with symptoms less than 24 hours or more than 48 hours; patients with appendicitis had 
significantly higher CRP levels than those with alternate diagnoses. The overall discriminative 
capacity, expressed as an AUC, was 0.673 (95 per cent CI 0.640 to 0.706) for WBC count and 
AUC of  0.568 (95 per cent CI 0.532 to 6.04) for CRP.

The accuracies of  several clinically applicable cut-off values of  WBC count, CRP level 
and their combinations in excluding or confirming the diagnosis of  acute appendicitis is 
depicted in Table 5. Regarding all included patients, 738 (72.1 per cent) presented with a 
WBC count of  >10 x 109/L. The remaining 286 patients had a WBC count of  10 x 109/L 

Table 4 Values of CRP and WBC compared between patients with and without a final diagnosis of 
acute appendicitis, subdivided for categories based on the duration of symptoms. 

Patients with acute 

appendicitis 

Patients with 

alternate diagnoses p value†

Duration symptoms < 24 h (n=285) n=150 n=135

WBC (x 109/L) – Median (IQR) 14.2 (11.2-17.4) 12.1 (10.0-14.9) <0.01

CRP (in mg/L) – Median (IQR) 14.0 (6.0-35.0) 9.3 (2.0-23.0) 0.02

Duration symptoms 24 h - 48 h (n=501) n=318 n=183

WBC (x 109/L) – Median (IQR) 13.7 (11.1-16.7) 10.6 (8.2-13.6) <0.01

CRP (in mg/L) – Median (IQR) 39.0 (15.0-82.5) 38.0 (8.0-88.9) 0.21

Duration symptoms > 48 h (n=238) n=112 n=126

WBC (x 109/L) – Median (IQR) 12.7 (10.1-15.4) 9.9 (7.6-12.5) <0.01

CRP (in mg/L) – Median (IQR) 97.0 (39.3-189.0) 50.5 (16.8-106.3) <0.01

WBC = white blood cell, CRP = c-reactive protein, h = hours, L=liter, mg=milligram 

†Adjusted for multiple comparisons using the Holm–Bonferroni method
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or less, of  whom 103 had appendicitis (NPV of  64.0 per cent, 95 per cent CI 58.4 to 69.5); 
i.e. 17.8 per cent cases of  appendicitis (103 of  580) would have been missed based on a 
normal WBC count. Furthermore, 22.9 per cent of  patients with appendicitis (133 of  580) 
had a CRP level of  10 mg/L or less, resulting in a NPV of  55.5 per cent (95 per cent CI 
49.9 to 61.2). When cut-off values of  WBC count and CRP level were combined, the ability 
to exclude appendicitis increased. The NPV increased to 88.1 per cent (95 per cent CI 81.8 
to 94.4) when both inflammatory markers were within normal range (neither WBC count 
>10 x 109/L, nor a CRP level > 10 mg/L). Of  all patients suspected of  acute appendicitis, 
101 (10 per cent) presented with inflammatory marker levels within the normal range, of  
whom 12 had confirmed appendicitis based on the reference standard. Duration of  symptoms 
only marginally affected the ability of  the inflammatory markers to exclude the diagnosis of  
appendicitis. The probability that a patient did not have acute appendicitis (i.e. NPV) when 
presenting with inflammatory marker levels within normal range (neither WBC count >10 
x 109/L, nor a CRP level > 10 mg/L) ranged from 86.5 to 89.5 per cent for the separate 
categories based on duration of  symptoms.

The highest PPV for all included patients was found for a WBC count of  more than 20 
x 109/L. Sixty-two patients (6.1 per cent of  all patients) presented with a WBC count >20 x 
109/L of  whom 46 had appendicitis, resulting in a PPV of  74.2 per cent (95 per cent CI 63.3 
to 85.1). In patients with symptoms for more than 48 hours, a WBC count of  more than 20 
x 109/L confirmed the presence of  acute appendicitis with a PPV of  100 per cent. However, 
of  the 238 patients presenting with symptoms for more than 48 hours, only 8 (3.4 per cent) 
patients had a WBC of  20 x 109/L or higher. 

When the data were analysed categorized by gender, the ability of  inflammatory markers 
to exclude the diagnosis of  acute appendicitis was somewhat better in women than in men. In 
all 563 female patients, inflammatory marker levels within the normal range (neither a WBC 
count >10 x 109/L, nor a CRP level > 10 mg/L) resulted in a NPV of  93.8 per cent (95 per 
cent CI 87.8 to 99.7; 4 of  64 patients had appendicitis). In contrast, in male patients none of  
the studied cut-off values resulted in a NPV of  more than 80 per cent, regardless the duration 
of  symptoms. For the confirmation of  appendicitis, comparable results were found for both 
men and women; a WBC count of  more than 20 x 109/L in combination with symptoms 
for more than 48 hours seemed to confirm appendicitis with a 100 per cent PPV. Again, as 
demonstrated for the overall analysis, only few patients presented with this specific profile (4 of  
461 male patients and 4 of  563 female patients).

When the included patients were divided into two groups based on age (<40 years of  
age or ≥40 years of  age), normal inflammatory marker levels (neither a WBC count >10 x 
109/L, nor a CRP level > 10 mg/L) resulted in a NPV of  approximately 85 per cent in both 
age groups, regardless of  the duration of  symptoms, comparable to the overall analysis. For 
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the confirmation of  appendicitis, the results for both age groups were also comparable to the 
overall results; no level of  inflammatory markers could sufficiently confirm the diagnosis of  
appendicitis in a substantial group of  patients, regardless of  the duration of  symptoms.

DISCUSSION

White blood cell count and CRP level are routinely obtained in the diagnostic work-up of  
patients with suspected appendicitis.25 Both inflammatory markers are of  limited diagnostic 
value when used individually, but the combination is suggested to achieve a high discriminatory 
power, especially when combined with specific clinical findings.8 Several studies have suggested 
that acute appendicitis can be excluded when patients have normal values of  WBC count 
and CRP level.9,11,26–29 In women of  reproductive age, in whom the diagnostic accuracy of  
appendicitis is traditionally low, normal WBC counts and CRP values have been reported to 
exclude appendicitis with a predictive value of  100 per cent.30

NPV of  inflammatory marker levels within the normal range was 90 per cent at 
most. Although this NPV was associated with a reduction in the incidence of  appendicitis 
in our patients from 58 per cent to approximately 10 per cent, it is questionable whether 
this is sufficient to omit imaging. Even in male patients or younger patients, in whom the 
diagnosis of  appendicitis is suggested to be more straightforward, no level of  inflammatory 
markers could sufficiently exclude the presence of  appendicitis. A possible explanation for 
this discrepancy in reported diagnostic value is the difference in pretest probability (i.e., the 
prevalence of  appendicitis) within studies.31 For example, in patient populations with a higher 
pretest probability of  acute appendicitis, such as young male adults, the posttest probability 
associated with elevated inflammatory markers will also be high, increasing the PPV. The 
prevalence of  appendicitis in our study was 57 per cent, which is at the high end of  the range 
of  26.7 to 60.6 per cent reported in previous studies.8 Any variation in diagnostic accuracy of  
the inflammatory markers between specific subgroups is more likely based on differences in 
pretest probabilities than on true differences in diagnostic test  characteristics.

Our results show that the PPV of  the combined inflammatory markers of  WBC and CRP 
even at very high cut-off values is not high enough to be useful as a “rule-in” diagnostic test. 
Even a WBC count of  >20 x 109/L and a CRP level of  >100 mg/L resulted in a PPV of  only 
71.4 per cent, as 14 of  1024 patients presented with such high inflammatory marker levels, and 
four of  these 14 subjects did not have acute appendicitis. When the specific subgroups based 
on the duration of  symptoms were analyzed, a WBC count of  >20 x 109/L in combination 
with symptoms for more than 48 hours was shown to “confirm” appendicitis, with a PPV of  
100 per cent. However, only a few patients presented with symptoms for more than 48 hours 
and a WBC count of  more than 20 x 109/L. In clinical practice, this cut-off value would 
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Table 5 Accuracy of various cut-off values of WBC count, CRP level and their combinations in 
excluding or confirming the diagnosis of acute appendicitis; overall and subdivided into categories 
based on duration of symptoms

No. of patients

(% of all patients†)

No. of patients

with AA

(% of all AA†)

False negative cases – 

theoretically missed ca-

ses of AA (% of all AA†)

False positive cases

(% of all positives)

PPV

(95% CI)

NPV

(95% CI)

All included patients (n=1024; AA=580)

   WBC > 10 x 109/L 738 (72.1) 477 (82.2) 103 (17.8) 261 (35.4) 64.6 (61.2-68.1) 64.0 (58.4-69.5)

   WBC > 15 x 109/L 287 (28.0) 208 (35.9) 372 (64.1) 79 (27.5) 72.5 (67.3-77.6) 49.5 (45.9-53.1)

   WBC > 20 x 109/L 62 (6.1) 46 (7.9) 534 (92.1) 16 (25.8) 74.2 (63.3-85.1) 44.5 (41.4-47.6)

   CRP > 10 mg/L 725 (70.8) 447 (77.1) 133 (22.9) 278 (38.3) 61.7 (58.1-65.2) 55.5 (49.9-61.2)

   CRP > 50 mg/L 386 (37.7) 232 (40.0) 348 (60.0) 154 (39.9) 60.1 (55.2-65.0) 45.5 (41.6-49.3)

   CRP > 100 mg/L 190 (18.6) 115 (19.8) 465 (80.2) 75 (39.5) 60.5 (53.6-67.5) 44.2 (40.9-47.6)

   WBC > 10 x 109/L or CRP >10 mg/L 923 (90.1) 568 (97.9) 12 (2.1) 355 (38.5) 61.5 (58.4-64.7) 88.1 (81.8-94.4)

   WBC > 10 x 109/L or CRP > 50 mg/L 832 (81.3) 524 (90.3) 56 (9.7) 308 (37.0) 63.0 (59.7-66.3) 70.8 (64.4-77.3)

   WBC > 15 x 109/L or CRP > 10 mg/L 801 (78.2) 501 (86.4) 79 (13.6) 300 (37.5) 62.5 (59.2-65.9) 64.6 (58.3-70.9)

   WBC > 15 x 109/L or CRP > 50 mg/L 558 (54.5) 360 (62.1) 220 (37.9) 198 (35.5) 64.5 (60.5-68.5) 52.8 (48.3-57.3)

   WBC > 15 x 109/L and CRP > 50 mg/L 115 (11.2) 80 (13.8) 500 (86.2) 35 (30.4) 69.6 (61.2-78.0) 45.0 (41.8-48.2)

   WBC > 15 x 109/L and CRP > 100 mg/L 68 (6.6) 44 (7.6) 536 (92.4) 24 (35.3) 64.7 (53.3-76.1) 43.9 (40.8-47.1)

   WBC > 20 x 109/L and CRP > 50 mg/L 24 (2.3) 16 (2.8) 564 (97.2) 8 (33.3) 66.7 (47.8-85.5) 43.6 (40.5-46.7)

   WBC > 20 x 109/L and CRP > 100 mg/L 14 (1.4) 10 (1.7) 570 (98.3) 4 (28.6) 71.4 (47.8-95.1) 43.6 (40.5-46.6)

Duration symptoms < 24 h (n=285; AA=150)

   WBC > 10 x 109/L 230 (80.7) 131 (87.3) 19 (12.7) 99 (43.0) 57.0 (50.6-63.4) 65.5 (52.9-78.0)

   WBC > 15 x 109/L 90 (31.6) 61 (40.7) 89 (59.3) 29 (32.2) 67.8 (58.1-77.4) 54.4 (47.4-61.4)

   WBC > 20 x 109/L 21 (7.4) 13 (8.7) 137 (91.3) 8 (38.1) 61.9 (41.1-82.7) 48.1 (42.1-54.1)

   CRP > 10 mg/L 135 (47.4) 81 (54.0) 69 (46.0) 54 (40.0) 60.0 (51.7-68.3) 54.0 (46.0-62.0)

   CRP > 50 mg/L 32 (11.2) 18 (12.0) 132 (88.0) 14 (43.8) 56.3 (39.1-73.4) 47.8 (41.7-54.0)

   CRP > 100 mg/L 15 (5.3) 9 (6.0) 141 (94.0) 6 (40.0) 60.0 (35.2-84.8) 47.8 (41.8-53.7)

   WBC > 10 x 109/L or CRP >10 mg/L 248 (87.0) 145 (96.7) 5 (3.3) 103 (41.5) 58.5 (52.3-64.6) 86.5 (75.5-97.5)

   WBC > 10 x 109/L or CRP > 50 mg/L 236 (82.8) 137 (91.3) 13 (8.7) 99 (41.9) 58.1 (51.8-64.3) 73.5 (61.1-85.8)

   WBC > 15 x 109/L or CRP > 10 mg/L 176 (61.8) 109 (72.7) 41 (27.3) 67 (38.1) 61.9 (54.8-69.1) 62.4 (53.3-71.5)

   WBC > 15 x 109/L or CRP > 50 mg/L 109 (38.2) 71 (47.3) 79 (52.7) 38 (34.9) 65.1 (56.2-74.1) 55.1 (47.8-62.5)

   WBC > 15 x 109/L and CRP > 50 mg/L 13 (4.6) 8 (5.3) 142 (94.7) 5 (38.5) 61.5 (35.1-88.0) 47.8 (41.9-53.7)

   WBC > 15 x 109/L and CRP > 100 mg/L 7 (2.5) 3 (2.0) 147 (98.0) 4 (57.1) 42.9 (6.2-79.5) 47.1 (41.3-53.0)

   WBC > 20 x 109/L and CRP > 50 mg/L 1 (0.4) 0 (0.0) 150 (100.0) 1 (100.0) 0.0 (0.0-0.0) 47.2 (41.4-53.0)

   WBC > 20 x 109/L and CRP > 100 mg/L 1 (0.4) 0 (0.0) 150 (100.0) 1 (100.0) 0.0 (0.0-0.0) 47.2 (41.4-53.0)

Duration symptoms 24 h - 48 h (n=501; AA=318)

   WBC > 10 x 109/L 363 (72.5) 261 (82.1) 57 (17.9) 102 (28.1) 71.9 (67.3-76.5) 58.7 (50.5-66.9)

   WBC > 15 x 109/L 154 (30.7) 118 (37.1) 200 (62.9) 36 (23.4) 76.6 (69.9-83.3) 42.4 (37.2-47.6)

   WBC > 20 x 109/L 33 (6.6) 25 (7.9) 293 (92.1) 8 (24.2) 75.8 (61.1-90.4) 37.4 (33.0-41.8)

   CRP > 10 mg/L 384 (76.6) 260 (81.8) 58 (18.2) 124 (32.3) 67.7 (63.0-72.4) 50.4 (41.4-59.5)

   CRP > 50 mg/L 212 (42.3) 135 (42.5) 183 (57.5) 77 (36.3) 63.7 (57.2-70.2) 36.7 (31.1-42.2)
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Table 5 Accuracy of various cut-off values of WBC count, CRP level and their combinations in 
excluding or confirming the diagnosis of acute appendicitis; overall and subdivided into categories 
based on duration of symptoms

No. of patients

(% of all patients†)

No. of patients

with AA

(% of all AA†)

False negative cases – 

theoretically missed ca-

ses of AA (% of all AA†)

False positive cases

(% of all positives)

PPV

(95% CI)

NPV

(95% CI)

All included patients (n=1024; AA=580)

   WBC > 10 x 109/L 738 (72.1) 477 (82.2) 103 (17.8) 261 (35.4) 64.6 (61.2-68.1) 64.0 (58.4-69.5)

   WBC > 15 x 109/L 287 (28.0) 208 (35.9) 372 (64.1) 79 (27.5) 72.5 (67.3-77.6) 49.5 (45.9-53.1)

   WBC > 20 x 109/L 62 (6.1) 46 (7.9) 534 (92.1) 16 (25.8) 74.2 (63.3-85.1) 44.5 (41.4-47.6)

   CRP > 10 mg/L 725 (70.8) 447 (77.1) 133 (22.9) 278 (38.3) 61.7 (58.1-65.2) 55.5 (49.9-61.2)

   CRP > 50 mg/L 386 (37.7) 232 (40.0) 348 (60.0) 154 (39.9) 60.1 (55.2-65.0) 45.5 (41.6-49.3)

   CRP > 100 mg/L 190 (18.6) 115 (19.8) 465 (80.2) 75 (39.5) 60.5 (53.6-67.5) 44.2 (40.9-47.6)

   WBC > 10 x 109/L or CRP >10 mg/L 923 (90.1) 568 (97.9) 12 (2.1) 355 (38.5) 61.5 (58.4-64.7) 88.1 (81.8-94.4)

   WBC > 10 x 109/L or CRP > 50 mg/L 832 (81.3) 524 (90.3) 56 (9.7) 308 (37.0) 63.0 (59.7-66.3) 70.8 (64.4-77.3)

   WBC > 15 x 109/L or CRP > 10 mg/L 801 (78.2) 501 (86.4) 79 (13.6) 300 (37.5) 62.5 (59.2-65.9) 64.6 (58.3-70.9)

   WBC > 15 x 109/L or CRP > 50 mg/L 558 (54.5) 360 (62.1) 220 (37.9) 198 (35.5) 64.5 (60.5-68.5) 52.8 (48.3-57.3)

   WBC > 15 x 109/L and CRP > 50 mg/L 115 (11.2) 80 (13.8) 500 (86.2) 35 (30.4) 69.6 (61.2-78.0) 45.0 (41.8-48.2)

   WBC > 15 x 109/L and CRP > 100 mg/L 68 (6.6) 44 (7.6) 536 (92.4) 24 (35.3) 64.7 (53.3-76.1) 43.9 (40.8-47.1)

   WBC > 20 x 109/L and CRP > 50 mg/L 24 (2.3) 16 (2.8) 564 (97.2) 8 (33.3) 66.7 (47.8-85.5) 43.6 (40.5-46.7)

   WBC > 20 x 109/L and CRP > 100 mg/L 14 (1.4) 10 (1.7) 570 (98.3) 4 (28.6) 71.4 (47.8-95.1) 43.6 (40.5-46.6)

Duration symptoms < 24 h (n=285; AA=150)

   WBC > 10 x 109/L 230 (80.7) 131 (87.3) 19 (12.7) 99 (43.0) 57.0 (50.6-63.4) 65.5 (52.9-78.0)

   WBC > 15 x 109/L 90 (31.6) 61 (40.7) 89 (59.3) 29 (32.2) 67.8 (58.1-77.4) 54.4 (47.4-61.4)

   WBC > 20 x 109/L 21 (7.4) 13 (8.7) 137 (91.3) 8 (38.1) 61.9 (41.1-82.7) 48.1 (42.1-54.1)

   CRP > 10 mg/L 135 (47.4) 81 (54.0) 69 (46.0) 54 (40.0) 60.0 (51.7-68.3) 54.0 (46.0-62.0)

   CRP > 50 mg/L 32 (11.2) 18 (12.0) 132 (88.0) 14 (43.8) 56.3 (39.1-73.4) 47.8 (41.7-54.0)

   CRP > 100 mg/L 15 (5.3) 9 (6.0) 141 (94.0) 6 (40.0) 60.0 (35.2-84.8) 47.8 (41.8-53.7)

   WBC > 10 x 109/L or CRP >10 mg/L 248 (87.0) 145 (96.7) 5 (3.3) 103 (41.5) 58.5 (52.3-64.6) 86.5 (75.5-97.5)

   WBC > 10 x 109/L or CRP > 50 mg/L 236 (82.8) 137 (91.3) 13 (8.7) 99 (41.9) 58.1 (51.8-64.3) 73.5 (61.1-85.8)

   WBC > 15 x 109/L or CRP > 10 mg/L 176 (61.8) 109 (72.7) 41 (27.3) 67 (38.1) 61.9 (54.8-69.1) 62.4 (53.3-71.5)

   WBC > 15 x 109/L or CRP > 50 mg/L 109 (38.2) 71 (47.3) 79 (52.7) 38 (34.9) 65.1 (56.2-74.1) 55.1 (47.8-62.5)

   WBC > 15 x 109/L and CRP > 50 mg/L 13 (4.6) 8 (5.3) 142 (94.7) 5 (38.5) 61.5 (35.1-88.0) 47.8 (41.9-53.7)

   WBC > 15 x 109/L and CRP > 100 mg/L 7 (2.5) 3 (2.0) 147 (98.0) 4 (57.1) 42.9 (6.2-79.5) 47.1 (41.3-53.0)

   WBC > 20 x 109/L and CRP > 50 mg/L 1 (0.4) 0 (0.0) 150 (100.0) 1 (100.0) 0.0 (0.0-0.0) 47.2 (41.4-53.0)

   WBC > 20 x 109/L and CRP > 100 mg/L 1 (0.4) 0 (0.0) 150 (100.0) 1 (100.0) 0.0 (0.0-0.0) 47.2 (41.4-53.0)

Duration symptoms 24 h - 48 h (n=501; AA=318)

   WBC > 10 x 109/L 363 (72.5) 261 (82.1) 57 (17.9) 102 (28.1) 71.9 (67.3-76.5) 58.7 (50.5-66.9)

   WBC > 15 x 109/L 154 (30.7) 118 (37.1) 200 (62.9) 36 (23.4) 76.6 (69.9-83.3) 42.4 (37.2-47.6)

   WBC > 20 x 109/L 33 (6.6) 25 (7.9) 293 (92.1) 8 (24.2) 75.8 (61.1-90.4) 37.4 (33.0-41.8)

   CRP > 10 mg/L 384 (76.6) 260 (81.8) 58 (18.2) 124 (32.3) 67.7 (63.0-72.4) 50.4 (41.4-59.5)

   CRP > 50 mg/L 212 (42.3) 135 (42.5) 183 (57.5) 77 (36.3) 63.7 (57.2-70.2) 36.7 (31.1-42.2)
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identify only a small number of  patients in whom imaging studies could be omitted, and the 
implications of  this finding are therefore limited.

The duration of  symptoms is known to correlate with the diagnostic accuracy of  several 
diagnostic markers in acute appendicitis. Kharbanda et al.14 showed that WBC count was a 
more useful marker to predict appendicitis in children with pain for less than 24 hours, while 
CRP was the more useful test in those with pain for 24 to 48 hours. Wu et al.15 determined 
different cut-off valuesof  CRP, with corresponding sensitivity and specificity, based on how 
long the patient’s symptoms were present. They showed an increase in diagnostic accuracy 
with symptoms existing for a longer duration; the AUC of  CRP increased from 0.60 (95 per 

No. of patients

(% of all patients†)

No. of patients

with AA

(% of all AA†)

False negative cases – 

theoretically missed ca- 

ses of AA (% of all AA†)

False positive cases

(% of all positives)

PPV

(95% CI)

NPV

(95% CI)

   CRP > 100 mg/L 90 (18.0) 54 (17.0) 264 (83.0) 36 (40.0) 60.0 (49.9-70.1) 35.8 (31.1-40.4)

   WBC > 10 x 109/L or CRP >10 mg/L 463 (92.4) 314 (98.7) 4 (1.3) 149 (32.2) 67.8 (63.6-72.1) 89.5 (79.7-99.2)

   WBC > 10 x 109/L or CRP > 50 mg/L 411 (82.0) 287 (90.3) 31 (9.7) 124 (30.2) 69.8 (65.4-74.3) 65.6 (55.7-75.4)

   WBC > 15 x 109/L or CRP > 10 mg/L 416 (83.0) 285 (89.6) 33 (10.4) 131 (31.5) 68.5 (64.0-73.0) 61.2 (50.8-71.5)

   WBC > 15 x 109/L or CRP > 50 mg/L 298 (59.5) 206 (64.8) 112 (35.2) 92 (30.9) 69.1 (63.9-74.4) 44.8 (38.0-51.7)

   WBC > 15 x 109/L and CRP > 50 mg/L 68 (13.6) 47 (14.8) 271 (85.2) 21 (30.9) 69.1 (58.1-80.1) 37.4 (32.9-42.0)

   WBC > 15 x 109/L and CRP > 100 mg/L 36 (7.2) 23 (7.2) 295 (92.8) 13 (36.1) 63.9 (48.2-79.6) 36.6 (32.2-40.9)

   WBC > 20 x 109/L and CRP > 50 mg/L 16 (3.2) 9 (2.8) 309 (97.2) 7 (43.8) 56.3 (31.9-80.6) 36.3 (32.0-40.6)

   WBC > 20 x 109/L and CRP > 100 mg/L 7 (1.4) 4 (1.3) 314 (98.7) 3 (42.9) 57.1 (20.5-93.8) 36.4 (32.2-40.7)

Duration symptoms > 48 h (n=238; AA=112)

   WBC > 10 x 109/L 145 (60.9) 85 (75.9) 27 (24.1) 60 (41.4) 58.6 (50.6-66.6) 71.0 (61.7-80.2)

   WBC > 15 x 109/L 43 (18.1) 29 (25.9) 83 (74.1) 14 (32.6) 67.4 (53.4-81.4) 57.4 (50.5-64.4)

   WBC > 20 x 109/L 8 (3.4) 8 (7.1) 104 (92.9) 0 (0.0) 100.0 (100.0-100.0) 54.8 (48.4-61.2)

   CRP > 10 mg/L 206 (86.6) 106 (94.6) 6 (5.4) 100 (48.5) 51.5 (44.6-58.3) 81.3 (67.7-94.8)

   CRP > 50 mg/L 142 (59.7) 79 (70.5) 33 (29.5) 63 (44.4) 55.6 (47.5-63.8) 65.6 (56.1-75.1)

   CRP > 100 mg/L 85 (35.7) 52 46.4) 60 (53.6) 33 (38.8) 61.2 (50.8-71.5) 60.8 (53.0-68.5)

   WBC > 10 x 109/L or CRP >10 mg/L 212 (89.1) 109 (97.3) 3 (2.7) 103 (48.6) 51.4 (44.7-58.1) 88.5 (76.2-100.0)

   WBC > 10 x 109/L or CRP > 50 mg/L 185 (77.7) 100 (89.3) 12 (10.7) 85 (45.9) 54.1 (46.9-61.2) 77.4 (66.1-88.6)

   WBC > 15 x 109/L or CRP > 10 mg/L 209 (87.8) 107 (95.5) 5 (4.5) 102 (48.8) 51.2 (44.4-58.0) 82.8 (69.0-96.5)

   WBC > 15 x 109/L or CRP > 50 mg/L 151 (63.4) 83 (74.1) 29 (25.9) 68 (45.0) 55.0 (47.0-62.9) 66.7 (56.8-76.6)

   WBC > 15 x 109/L and CRP > 50 mg/L 34 (14.3) 25 (22.3) 87 (77.7) 9 (26.5) 73.5 (58.7-88.4) 57.4 (50.6-64.1)

   WBC > 15 x 109/L and CRP > 100 mg/L 25 (10.5) 18 (16.1) 94 (83.9) 7 (28.0) 72.0 (54.4-89.6) 55.9 (49.2-62.5)

   WBC > 20 x 109/L and CRP > 50 mg/L 7 (2.9) 7 (6.3) 105 (93.8) 0 (0.0) 100.0 (100.0-100.0) 54.5 (48.1-61.0)

   WBC > 20 x 109/L and CRP > 100 mg/L 6 (2.5) 6 (5.4) 106 94.6 0 0.0 100.0 (100.0-100.0) 54.3 (47.9-60.7)

WBC = white blood cell, CRP = c-reactive protein, AA = acute appendicitis, PPV = positive predictive value, NPV = 

negative predictive value, CI = confidence interval, L=liter, mg=milligram,  h = hours 

† Within the subgroup based on duration of symptoms

Table 5 continued
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No. of patients

(% of all patients†)

No. of patients

with AA

(% of all AA†)

False negative cases – 

theoretically missed ca- 

ses of AA (% of all AA†)

False positive cases

(% of all positives)

PPV

(95% CI)

NPV

(95% CI)

   CRP > 100 mg/L 90 (18.0) 54 (17.0) 264 (83.0) 36 (40.0) 60.0 (49.9-70.1) 35.8 (31.1-40.4)

   WBC > 10 x 109/L or CRP >10 mg/L 463 (92.4) 314 (98.7) 4 (1.3) 149 (32.2) 67.8 (63.6-72.1) 89.5 (79.7-99.2)

   WBC > 10 x 109/L or CRP > 50 mg/L 411 (82.0) 287 (90.3) 31 (9.7) 124 (30.2) 69.8 (65.4-74.3) 65.6 (55.7-75.4)

   WBC > 15 x 109/L or CRP > 10 mg/L 416 (83.0) 285 (89.6) 33 (10.4) 131 (31.5) 68.5 (64.0-73.0) 61.2 (50.8-71.5)

   WBC > 15 x 109/L or CRP > 50 mg/L 298 (59.5) 206 (64.8) 112 (35.2) 92 (30.9) 69.1 (63.9-74.4) 44.8 (38.0-51.7)

   WBC > 15 x 109/L and CRP > 50 mg/L 68 (13.6) 47 (14.8) 271 (85.2) 21 (30.9) 69.1 (58.1-80.1) 37.4 (32.9-42.0)

   WBC > 15 x 109/L and CRP > 100 mg/L 36 (7.2) 23 (7.2) 295 (92.8) 13 (36.1) 63.9 (48.2-79.6) 36.6 (32.2-40.9)

   WBC > 20 x 109/L and CRP > 50 mg/L 16 (3.2) 9 (2.8) 309 (97.2) 7 (43.8) 56.3 (31.9-80.6) 36.3 (32.0-40.6)

   WBC > 20 x 109/L and CRP > 100 mg/L 7 (1.4) 4 (1.3) 314 (98.7) 3 (42.9) 57.1 (20.5-93.8) 36.4 (32.2-40.7)

Duration symptoms > 48 h (n=238; AA=112)

   WBC > 10 x 109/L 145 (60.9) 85 (75.9) 27 (24.1) 60 (41.4) 58.6 (50.6-66.6) 71.0 (61.7-80.2)

   WBC > 15 x 109/L 43 (18.1) 29 (25.9) 83 (74.1) 14 (32.6) 67.4 (53.4-81.4) 57.4 (50.5-64.4)

   WBC > 20 x 109/L 8 (3.4) 8 (7.1) 104 (92.9) 0 (0.0) 100.0 (100.0-100.0) 54.8 (48.4-61.2)

   CRP > 10 mg/L 206 (86.6) 106 (94.6) 6 (5.4) 100 (48.5) 51.5 (44.6-58.3) 81.3 (67.7-94.8)

   CRP > 50 mg/L 142 (59.7) 79 (70.5) 33 (29.5) 63 (44.4) 55.6 (47.5-63.8) 65.6 (56.1-75.1)

   CRP > 100 mg/L 85 (35.7) 52 46.4) 60 (53.6) 33 (38.8) 61.2 (50.8-71.5) 60.8 (53.0-68.5)

   WBC > 10 x 109/L or CRP >10 mg/L 212 (89.1) 109 (97.3) 3 (2.7) 103 (48.6) 51.4 (44.7-58.1) 88.5 (76.2-100.0)

   WBC > 10 x 109/L or CRP > 50 mg/L 185 (77.7) 100 (89.3) 12 (10.7) 85 (45.9) 54.1 (46.9-61.2) 77.4 (66.1-88.6)

   WBC > 15 x 109/L or CRP > 10 mg/L 209 (87.8) 107 (95.5) 5 (4.5) 102 (48.8) 51.2 (44.4-58.0) 82.8 (69.0-96.5)

   WBC > 15 x 109/L or CRP > 50 mg/L 151 (63.4) 83 (74.1) 29 (25.9) 68 (45.0) 55.0 (47.0-62.9) 66.7 (56.8-76.6)

   WBC > 15 x 109/L and CRP > 50 mg/L 34 (14.3) 25 (22.3) 87 (77.7) 9 (26.5) 73.5 (58.7-88.4) 57.4 (50.6-64.1)

   WBC > 15 x 109/L and CRP > 100 mg/L 25 (10.5) 18 (16.1) 94 (83.9) 7 (28.0) 72.0 (54.4-89.6) 55.9 (49.2-62.5)

   WBC > 20 x 109/L and CRP > 50 mg/L 7 (2.9) 7 (6.3) 105 (93.8) 0 (0.0) 100.0 (100.0-100.0) 54.5 (48.1-61.0)

   WBC > 20 x 109/L and CRP > 100 mg/L 6 (2.5) 6 (5.4) 106 94.6 0 0.0 100.0 (100.0-100.0) 54.3 (47.9-60.7)

WBC = white blood cell, CRP = c-reactive protein, AA = acute appendicitis, PPV = positive predictive value, NPV = 

negative predictive value, CI = confidence interval, L=liter, mg=milligram,  h = hours 

† Within the subgroup based on duration of symptoms

cent CI 0.50 to 0.70) on Day 1 to 0.88 (95 per cent CI 0.80 to 0.95) on Day 3. The influence 
of  the duration of  a pediatric patient’s complaints on the diagnostic value of  clinical scoring 
systems has also been described.16 Furthermore, a longer duration of  abdominal pain was 
shown to improve sensitivity of  ultrasound for suspected appendicitis in children and to reduce 
the number of  equivocal CT results.13 An increase of  diagnostic accuracy for WBC count or 
CRP level was not demonstrated in this study. Even for patients presenting with inflammatory 
marker levels within the normal range and symptoms for more than 48 hours, the NPV was 
88.5 per cent, comparable to the NPV of  86.5 per cent in patients with symptoms for less than 
24 hours.
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Limitations

Several limitations of  this study need to be addressed. First, the reference standard used in the 
study  cohorts (final diagnosis as assigned by expert panel) included the results from laboratory 
examination, thereby introducing the risk of  incorporation bias. Although the expert panel 
based its diagnoses primarily on preoperative imaging, surgical findings, histopathologic 
examination, and follow-up, the reference standard would ideally be entirely independent from 
the diagnostic test. The included study cohorts were also at risk of  verification bias because 
surgical findings and histopathological examination were not available for some patients (i.e., 
nonsurgical patients).

Another potential limitation is the fact that the clinical suspicion of  acute appendicitis 
was (partly) based on laboratory examination findings, including WBC count and CRP level. 
Normal values for the inflammatory markers may have decreased the physician’s suspicion 
of  appendicitis, thus excluding these patients from the study population. The diagnostic 
performance of  the inflammatory markers could be different if  those patients had been 
included. However, the evaluation of  the diagnostic performance of  a test is best done in the 
population in which it is intended to be used.8 Omitting imaging studies based on inflammatory 
marker levels is only relevant for patients who otherwise would undergo imaging, patients 
clinically suspected of  having acute appendicitis.

Another potential limitation is the fact that our study population was retrospectively 
selected from five separate cohorts, although baseline characteristics of  these cohorts, 
including the rates of  appendicitis, did not differ significantly. Furthermore, the relatively 
high prevalence of  appendicitis in our study might limit the external validity of  our results. 
Although the prevalence falls within the range of  previously reported prevalences, several 
studies found considerably lower rates of  appendicitis. The diagnostic value of  the studied 
inflammatory markers in populations with a lower prevalence of  appendicitis, for instance, 
undifferentiated patients with acute abdominal pain, is likely to differ, and the NPV might be 
expected to improve.

A final limitation is the fact that we only evaluated WBC count and CRP level. Several 
other new markers such as procalcitonin have been suggested to be of  diagnostic value in 
acute appendicitis, although the superiority of  these new markers over WBC count and CRP 
is questionable.32,33

Despite these limitations, this study describes a large cohort of  more than 1000 patients 
who were clinically suspected of  having acute appendicitis. All data were gathered prospectively, 
and the reference standard was the final diagnosis as assigned by an expert panel, based on 
available clinical and pathologic data and follow-up. Our results add to the debate on the 
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most appropriate diagnostic strategy in patients with suspected appendicitis and may be 
useful to further improve clinical decision models such as the Appendicitis Inflammatory Res- 
ponse Score.34

Conclusions

In patients suspected of  acute appendicitis, normal inflammatory marker levels could not 
“rule out” acute appendicitis, regardless of  the duration of  symptoms, although subjects with 
normal values had a rate of  acute appendicitis of  only 10 per cent compared to a baseline rate 
of  58 per cent across the study population. We also found no value of  white blood cell count or 
C-reactive protein concentration that could reliably confirm the suspected diagnosis of  acute 
appendicitis in a relevant number of  patients. Based on these findings, we cannot support 
the use of  these biomarkers, either in isolation or in combination, to confirm or exclude a 
diagnosis of  acute appendicitis.
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Appendix 1 Quality assessment of the included cohorts by QUADAS-II criteria

First author Risk of Bias Applicability Concerns

Patient 

selection Index Test

Reference 

Standard

Flow and 

Timing

Patient 

Selection Index Test

Reference 

Standard

Laurell L L H† H‡ L L L

Lameris L L H† H‡ L L L

Toorenvliet L L H† H‡ L L L

Leeuwen-

burgh

L L H† H‡ L L L

Gans L L H† H‡ L L L

H indicates high; U, unclear; and L, low

† All studies were scored as high risk of incorporation bias as the reference standard was the final diagnosis 

as assigned by an expert panel, who were aware of the results of the index tests (white blood cell count and 

C-reactive protein level)

‡ All studies were scored as high risk of verification bias since the reference standard did not include surgical 

reports and histopathology for all patients


