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Usefulness of laboratory data in the management of right iliac fossa pain in adults
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Background. Inflammatory markers could be helpful in the management of patients with right iliac fossa pain, but the heterogeneity of designs and results precludes a definitive conclusion.

A retrospective analysis of prospectively collected data was performed to assess the usefulness of laboratory data in the management of these patients.

Patients and methods.

Patients with right iliac fossa pain referred to the surgeon were included.

Blood samples were obtained for C-reactive protein, leukocyte, and granulocyte analysis.

Clinical, surgical, and histopathologic data were collected. Analysis of inflammatory parameters was performed with logistic regression and areas under the receiver operating characteristic curve were compared.

Results. One hundred thirty-four patients were included. C-reactive protein increased with the severity of appendicitis and predicted accurately perforation (r 2 = 0.613; P < 0.0005), showing the highest accuracy among inflammatory markers (areas under the ROC curve were 0.846, 0.753 and 0.685 for C-reactive protein, leukocyte and granulocytes, respectively; P < 0.001).

Accuracy improved when C-reactive protein and leukocytes were combined (positive and negative predictive values were 93.2 percent and 92.3 percent, respectively).

Conclusions

. C-reactive protein is a helpful marker in the management of patients with right iliac fossa pain. It increases with the evolution of the inflammatory process. Its predictive values improve in combination with the leukocyte count. A patient with normal C-reactive protein and leukocytes has a very low probability of appendicitis and should not undergo surgery.

Introduction

Acute appendicitis is the most common abdominal surgical emergency. Misdiagnosis have a major impact in health care systems, as well as important legal consequences. [START_REF] Flum | The clinical and economic correlates of misdiagnosed appendicitis. Nationwide analysis[END_REF][START_REF] Gill | Cost-effective evaluation and management of acute abdomen[END_REF] Nowadays, the negative appendectomy rate is still about 15 percent and the perforation rate can be as high as 35 percent. Despite the wide use of imaging techniques, appendicitis remains a challenging diagnosis. [START_REF] Flum | Has misdiagnosis of appendicitis decreased over time? A population-based analysis[END_REF][START_REF] Flum | Misdiagnosis of appendicitis and the use of diagnostic imaging[END_REF] The ability of computerized tomography to reduce the rate of negative appendectomies and perforations is still under discussion and remains to be proved in prospective trials. [START_REF] Rao | Introduction of appendiceal CT: impact on negative appendectomy and appendiceal perforation rates[END_REF][START_REF] Balthazar | Appendicitis: the impact of computed tomography imaging on negative appendectomy and perforation rates[END_REF][START_REF] Lee | Computed tomography and ultrasonography do not improve and may delay the diagnosis and treatment of acute appendicitis[END_REF][START_REF] Walker | The value of limited computed tomography with rectal contraste in acute appendicitis[END_REF] Some works have assessed the diagnostic accuracy of different inflammatory markers in appendicitis with heterogeneous designs and results (white blood cells, granulocytes, C-reactive protein, leukocyte elastase activity, D-lactate, phospholipase A2, interleukine-6...). [START_REF] Wu | Predictive value of C-reactive protein at different cutoff levels in acute appendicitis[END_REF][START_REF] Yang | Role of leukocyte count, neutrophil percentage, and C-reactive protein in the diagnosis of acute appendicitis in the elderly[END_REF][START_REF] Eriksson | White blood cell count, leucocyte elastase activity, and serum concentrations of interleukin-6 and C-reactive protein after open appendicectomy[END_REF][START_REF] Caglayan | Plasma D-lactate levels in diagnosis of appendicitis[END_REF][START_REF] Grönroos | Phospholipase A2, C-reactive protein, and white blood cell count in the diagnosis of acute appendicitis[END_REF] Two meta-analyses have claimed that no conclusions can be reached from such a variety of populations, designs and results, [START_REF] Hallan | The accuracy of C-reactive protein in diagnosing acute appendicitis -a meta-analysis[END_REF][START_REF] Andersson | Meta-analysis of the clinical and laboratory diagnosis of appendicitis[END_REF] even if leukocytes and C-reactive protein (CRP) emerge as the most accurate laboratory data in the diagnosis of acute appendicitis. We performed a retrospective analysis of prospectively collected data to assess and compare the accuracy of CRP, white blood cells and granulocytes in the management of adults with acute right iliac fossa pain.

Patients and methods

Aims and design of the study

The primary aim of the study was to assess inflammatory parameters' usefulness in the management of adults with acute right iliac fossa pain (ARIFP). The secondary objective was to assess the correlation between levels of inflammatory markers and the severity of appendicitis when it was the final diagnosis. During one year and a half (October 2001 -April 2003) a single institution, observational, prospective study was performed.

Study populationinclusion and exclusion criteria

All consecutive patients referred to the surgeon on call for ARIFP in previously scheduled days (5 per month) were eligible. They were included if they fulfilled the inclusion criteria: age over 15 years, acute pain and suspected appendicitis after the clinical examination performed by the surgeon. Pregnant women, patients with previous appendectomy and those having a disease or a long-term treatment impairing the inflammatory response were excluded. All participants gave written informed consent for inclusion in the study.

Data collection

Demographic information was collected for enrolled patients (age, sex), as were medical histories and clinical data (body temperature, time passed between the onset of pain and the admission to the emergency department and presence of peritoneal signs at clinical examination by the surgeon). Blood samples were obtained on admission to the emergency room for all patients: C-reactive protein was measured by immuno-turbidimetry (Cobas Integra 700, Roche Diagnostic, Switzerland); routine blood counts including white blood cells count and percentage of granulocytes were performed with an automatic analyser (ABX Pentra 120, ABX Diagnostic, France). A pregnancy test was performed in all fertile women. Clinical and laboratory data were recorded, as well as surgical and pathological results in operated patients.

In our laboratory CRP was considered normal under 6 mg/L; white blood cells count (WBC) was normal between 4.500 and 9.600 per mm 3 and granulocytes were normal if they were less than 75 percent of WBC.

Management of patients

WBC and granulocytes were available in the emergency setting, whereas CRP was not. The surgeon decided for further imaging (abdominal ultrasonography or CT-scan), examination by a gynaecologist, observation with serial clinical exams or direct surgery at his own criteria.

Definitions and diagnosis

Patients were considered included in the "surgical disease group" if the pathologist confirmed the diagnosis of appendicitis or if other surgical disease was proved at laparotomy. Staging of appendicitis was macroscopically performed always by the same surgeon (P.O.D.) during appendectomy and classified as phlegmonous (inflammation), gangrenous (necrotic areas) or perforated. Patients were included in the "no surgical disease group" if: 1) negative appendectomy was confirmed by the pathologist, 2) a disease not requiring surgical treatment was found at laparotomy or imaging, 3) in-hospital observation without surgical or antibiotic treatment for 24 hours was followed by clinical improvement and discharge (these patients were contacted by phone 72 hours after discharge to assess the absence of pain).

Statistical analysis

Laboratory levels are given as mean values followed by the 95 percent confidence interval. Decimals were always conserved for calculation, but only the first decimal is shown for CRP and granulocytes; they were neglected for WBC. Comparison of mean values between both groups was performed with a Student t test (if normal distribution according to Kolmogorov-Smirnov and Shapiro-wilk tests) or with non-parametric tests (Wilcoxon or Mann-Whitney U test) as appropriate. Comparison of mean values of CRP, leukocytes and granulocytes between different degrees of appendicitis were performed with ANOVA or Kruskal-Wallis (as appropriate). Univariate and multivariate step-by-step forward logistic regression were performed to assess the diagnostic accuracy of the different predictive models for surgical disease (with Nagelkerke r 2 coefficient), as well as area under the ROC curve (AUC) and its significance were calculated. Multinomial regression was performed to assess the ability of every laboratory data to predict the staging of disease in case of appendicitis. A two-tailed P of < 0.05 was considered significant for all tests. Data collection and statistical calculations were performed using SPSS (version 10.0) software.

Results

Characteristics of patients and diagnosis

Among patients referred to the Emergency Department for ARIFP during the period analysis, the surgeon on call evaluated 149 patients with suspected appendicitis prompting clinical observation, further imaging or direct surgery; 135 of them fulfilled the inclusion criteria. One 

Operated patients without surgical disease (n = 18)

No findings: 15 Non-specific ileitis: 2 Mesenteric adenitis: 1

Non-operated patients (n = 17)

Non-specific abdominal pain: 12 Non-specific ileitis: 1 Anisakiasis: 1 Mesenteric adenitis: 2 Crohn's disease: 1 Patients with surgical diseases other than acute appendicitis (n = 11) did not have routine appendectomy. Their CRP values were significantly higher than those for patients with appendicitis (CRP levels of 127.8 vs. 60.2 mg/L, P = 0.013). Mean WBC and granulocytes were also higher in those patients but P values were not significant.

Mean age and sex were not different between patients with and without surgical disease.

Median evolution time after onset of symptoms was slightly different between both groups (20 hours for patients with surgical diseases vs. 24 hours for patients without surgical diseases; P = 0.03) as well as sex distribution (43 women and 56 men in the group with surgical diseases vs.

25 women and 10 men in the group without surgical diseases; P = 0.003).

Inflammatory markers and surgical disease

Mean levels of CRP, WBC and granulocytes were all significantly higher in the group of patients with surgical diseases (Table 2), both with parametric and non-parametric tests.

Predictive models in univariate analysis are shown in Table 3. All inflammatory markers were significant, CRP having the highest diagnostic accuracy (AUC) and the best correlation in regression analysis. The diagnostic accuracy improved when CRP and WBC were combined, rising up to a diagnostic accuracy of 86.8 percent (P < 0.0005), whereas it did not improve with other combinations of laboratory data.

After multivariate analysis, CRP was the only inflammatory marker retained as significant (P < 0.0005), whereas WBC and granulocytes were not (P = 0.30 and P = 0.27, respectively). 

Does CRP correlate with the severity of appendicitis?

When only patients with appendicitis were considered, CRP, WBC and granulocytes were found to be different following the severity of inflammation (see Table 4). CRP levels progressively increased with the severity of appendicitis, whereas WBC and granulocytes did not and even decreased in perforated cases as compared with gangrenous appendicitis (see Figure 1). Multinomial regression showed that CRP was the only single significant predictor of perforation among the laboratory data (P < 0.005). 

Influence of evolution time

Patients were stratified following the evolution time in a group with more than 12 hours of evolution since the onset of pain and another one with less than 12 hours. CRP and WBC had better diagnostic accuracy in patients with more than 12 hours of evolution (areas under the ROC curve were 0.896 vs. 0.779 for CRP, P < 0.0005; they were 0.795 vs. 0.609 for WBC, P < 0.0005). The combination of CRP and WBC also showed higher accuracy in patients with more than 12 hours of evolution (0.913 vs. 0.845; P < 0.0005).

Predictive value of inflammatory parameters

The predictive values of laboratory data are shown in Table 5. The population studied had an overall prevalence of appendicitis of 65.7 percent. The positive predictive value when CRP and WBC were elevated was 93.2 percent, while the negative predictive value if both markers were normal was 92.3 percent. 

Discussion

Acute appendicitis remains nowadays a challenging diagnosis. Up to one third of patients have atypical clinical features. [START_REF] Marchand | The assessment of laboratory tests in the diagnosis of acute appendicitis[END_REF] The wide use of ultrasonography and CT-scan has not effectively decreased the rate of perforated appendicitis or the number of negative appendectomies in large population studies, [START_REF] Flum | Has misdiagnosis of appendicitis decreased over time? A population-based analysis[END_REF][START_REF] Flum | Misdiagnosis of appendicitis and the use of diagnostic imaging[END_REF] despite the hopeful results of some series in tertiary care academic hospitals. [START_REF] Marchand | The assessment of laboratory tests in the diagnosis of acute appendicitis[END_REF][START_REF] Eriksson | Laboratory tests in patients with suspected acute appendicitis[END_REF] Andersson showed in a recent meta-analysis that diagnostic accuracy was higher for laboratory data than for clinical signs and symptoms, even when recorded by an experienced surgeon [START_REF] Andersson | Meta-analysis of the clinical and laboratory diagnosis of appendicitis[END_REF] .

Some authors have assessed the diagnostic value of inflammatory markers with quite different designs and results. [START_REF] Wu | Predictive value of C-reactive protein at different cutoff levels in acute appendicitis[END_REF][START_REF] Yang | Role of leukocyte count, neutrophil percentage, and C-reactive protein in the diagnosis of acute appendicitis in the elderly[END_REF][START_REF] Eriksson | White blood cell count, leucocyte elastase activity, and serum concentrations of interleukin-6 and C-reactive protein after open appendicectomy[END_REF][START_REF] Marchand | The assessment of laboratory tests in the diagnosis of acute appendicitis[END_REF][START_REF] Eriksson | Laboratory tests in patients with suspected acute appendicitis[END_REF][START_REF] Dueholm | Laboratory aid in the diagnosis of acute appendicitis. A blinded, prospective trial concerning diagnostic value of leukocyte count, neutrophil differential count, and C-reactive protein[END_REF][START_REF] Oosterhuis | C reactive protein in the diagnosis of acute appendicitis[END_REF][START_REF] Söndenaa | Rapid C-reactive protein (CRP) measurements in the diagnosis of acute appendicitis[END_REF][START_REF] Eriksson | The diagnostic value of repetitive preoperative analyses of C-reactive protein and total leucocyte count in patients with suspected acute appendicitis[END_REF][START_REF] Andersson | Repeated clinical and laboratory examinations in patients with an equivocal diagnosis of appendicitis[END_REF][START_REF] Körner | Diagnostic accuracy of inflammatory markers in patients operated on for suspected acute appendicitis: a receiver operating characteristic curve analysis[END_REF][START_REF] Grönroos | Leucocyte count and C-reactive protein in the diagnosis of acute appendicitis[END_REF][START_REF] Eriksson | Sensitivity of interleukin-6 and Creactive protein concentrations in the diagnosis of acute appendicitis[END_REF][START_REF] Paajanen | Novel serum inflammatory markers in acute appendicitis[END_REF][START_REF] Tepel | Prospective evaluation of diagnostic modalities in suspected acute appendicitis[END_REF][START_REF] Kessler | Appendicitis: evaluation of sensitivity, specificity, and predictive values of US, Doppler US, and laboratory findings[END_REF] Most studies assessing its accuracy were retrospective and included only operated patients (introducing therefore an important selection bias); 14 thus their results

should not be transferred to patients complaining of abdominal pain. Many of them also included children, which are known to have a different kinetics for CRP and other inflammatory markers. [START_REF] Marchand | The assessment of laboratory tests in the diagnosis of acute appendicitis[END_REF][START_REF] Eriksson | Laboratory tests in patients with suspected acute appendicitis[END_REF][START_REF] Paajanen | Are serum inflammatory markers age dependent in acute appendicitis?[END_REF] Variety of designs explains the lack of evidence in the two metaanalysis published to date about this topic. [START_REF] Hallan | The accuracy of C-reactive protein in diagnosing acute appendicitis -a meta-analysis[END_REF][START_REF] Andersson | Meta-analysis of the clinical and laboratory diagnosis of appendicitis[END_REF] This single institution study was prospective and included consecutive adults referred by the emergency physician to the general surgeon on call for ARIFP. These selection criteria explain a high prevalence of surgical diseases in our study (73.8 percent) and reflect accurately the daily practise of a general surgeon (usually examining the patient after the family or emergency physician). Moreover, performing the study within this selected population allows the transfer of results to this setting. [START_REF] Irwig | Designing studies to ensure that estimates of test accuracy are transferable[END_REF] Negative appendectomy and perforation rates in the current study were consistent with the literature. [START_REF] Flum | The clinical and economic correlates of misdiagnosed appendicitis. Nationwide analysis[END_REF][START_REF] Flum | Misdiagnosis of appendicitis and the use of diagnostic imaging[END_REF] Diagnostic value Inflammatory markers should not been considered as specific for any medical or surgical disease. However, when applied in patients with ARIFP after clinical examination by a senior surgeon (a selected population), they could be a helpful diagnostic tool because of the rising probability of appendicitis in this setting.

CRP was the most accurate single laboratory data for the diagnosis of appendicitis in the current study (accuracy was 84.6 percent, P < 0.0005), which is consistent with the literature. [START_REF] Hallan | The accuracy of C-reactive protein in diagnosing acute appendicitis -a meta-analysis[END_REF][START_REF] Andersson | Meta-analysis of the clinical and laboratory diagnosis of appendicitis[END_REF] Wu et al. have recently assessed different cut-off values for inflammatory parameters, as well as the usefulness of their changes over time during a in-hospital observation period. [START_REF] Wu | Predictive value of C-reactive protein at different cutoff levels in acute appendicitis[END_REF][START_REF] Wu | Use of changes over time in serum inflammatory parameters in patients with equivocal appendicitis[END_REF] There was a lower incidence of appendicitis in their study as compared with the present one. They concluded that the change of total neutrophil count was useful in the first day while CRP was most accurate in the second and third days after onset of symptoms. In our work, neutrophil count did not improve the predictive model, even after stratification following evolution time;

this difference can be explained by the fact that median evolution time was 22 hours in the current study and few patients could have this parameter assessed during the first day after onset of symptoms.

CRP predictive values for appendicitis have been very heterogeneous in medical literature (sensitivity ranging from 40 percent to 99 percent and specificity from 27 percent to 90 percent). [START_REF] Hallan | The accuracy of C-reactive protein in diagnosing acute appendicitis -a meta-analysis[END_REF] Sensitivity in the current study was consistent with values obtained recently by other authors but specificity was higher. [START_REF] Yang | Role of leukocyte count, neutrophil percentage, and C-reactive protein in the diagnosis of acute appendicitis in the elderly[END_REF][START_REF] Tepel | Prospective evaluation of diagnostic modalities in suspected acute appendicitis[END_REF] This can be explained by our higher prevalence of appendicitis caused by the selection criteria; specificity is well-known to increase with the prevalence of disease.

CRP diagnostic accuracy increased if the WBC count was added, rising to a positive predictive value of 93.2 percent when both markers were elevated and a negative predictive value of 92.3 percent when both were normal. This conclusion is consistent with data from other authors who obtained negative predictive values as high as 100 percent with the adjunction of WBC to CRP. [START_REF] Andersson | Meta-analysis of the clinical and laboratory diagnosis of appendicitis[END_REF][START_REF] Grönroos | Leucocyte count and C-reactive protein in the diagnosis of acute appendicitis[END_REF][START_REF] Kessler | Appendicitis: evaluation of sensitivity, specificity, and predictive values of US, Doppler US, and laboratory findings[END_REF] Birchley reported recently a small prospective study with better positive than negative predictive values; this was probably the result of the use of inflammatory markers as categorical variables in that study. [START_REF] Birchley | Patients with clinical acute appendicitis should have pre-operative full blood count and C-reactive protein assays[END_REF] A diagnostic test for appendicitis should have a high sensitivity to avoid a late diagnosis, but also a high specificity to avoid unnecessary further studies or negative appendectomies. The combination of CRP and WBC fulfils this requirements when used in this setting; it could be a safe criteria to select patients for further imaging techniques. [START_REF] Irwig | Designing studies to ensure that estimates of test accuracy are transferable[END_REF] Diagnostic laparoscopy was not routinely used in an emergency setting in our department when the study was conducted. Even nowadays its place in the management of abdominal pain is not well defined. [START_REF] Morino | Acute nonspecific abdominal pain: A randomized, controlled trial comparing early laparoscopy versus clinical observation[END_REF] It could probably be useful in patients with atypical or discordant clinical, laboratory and imaging data, when clinical observation is not appropriate.

The under-representation of gynaecological diseases in our population can be explained by the fact that some fertile women were seen by a gynaecologist at the request of the emergency physician and then by the surgeon after the elimination of gynaecological diseases.

Influence of evolution time in laboratory data

Some authors have claimed that CRP is less accurate than WBC in the first hours after the onset of pain but its sensitivity rises to 100 percent after 12 hours; appendicitis could be excluded if CRP is normal after 12 hours. [START_REF] Eriksson | The diagnostic value of repetitive preoperative analyses of C-reactive protein and total leucocyte count in patients with suspected acute appendicitis[END_REF][START_REF] Eriksson | Sensitivity of interleukin-6 and Creactive protein concentrations in the diagnosis of acute appendicitis[END_REF][START_REF] Albu | Diagnostic value of C-reactive protein in acute appendicitis[END_REF] In the current study, accuracy was 77.9 percent in patients with less than 12 hours after onset of pain and increased to 89.6 percent after 12 hours. This is slightly higher than obtained in other series but it can also be explained by our phlegmonous appendicitis; further imaging can be safely performed if the clinical picture is atypical. Delaying surgery some hours would not harm these patients [START_REF] Abou-Nukta | Effects of delaying appendectomy for acute appendicitis for 12 to 24 hours[END_REF] .

We conclude that C-reactive protein is the most useful single laboratory parameter in the management of adults sent to the surgeon for suspected appendicitis, particularly after 12 hours of evolution. It adds helpful information in the decision analysis identifying patients that require surgery and those that can benefit from clinical observation or further imaging. Its accuracy and predictive values improve when combined with the leukocyte count, whereas granulocytes did not add any information. A patient with clinically suspected appendicitis and both elevated C-reactive protein and leukocyte count does not require further imaging and should undergo surgery. A patient with both normal C-reactive protein and leukocytes has a very low probability of appendicitis; emergent surgery is not indicated and clinical observation or further imaging are the best management choice in this setting. When laboratory data are discordant, further imaging is warranted (even more if the clinical picture is not typical). Creactive protein levels are strongly correlated to the severity of the inflammation and detect accurately perforated appendicitis. A prospective study assessing the impact of CRP and leukocytes in the negative appendectomy rate is warranted. 

  operated patient was later excluded because of the unavailability of pathological examination and the absence of final diagnosis. Thus the final population study was composed of 134 patients: 60 men and 74 women, mean age: 33 years (CI 95 percent: 31.7 to 34.3 years; range: 15 to 75 years). Median evolution time after onset of symptoms was 22 hours. Final diagnosis was acute appendicitis in 88 patients (65.7 percent), other surgical diseases in 11 patients (8.2 percent) and no surgical disease in 35 patients (26.1 percent) (distribution of diagnosis in Table 1

Figure 1 .

 1 Figure 1. Distribution of C-reactive protein (CRP) (1.a), white blood-cell count (1.b) and

Table 1 .

 1 ). All patients with surgical diseases were operated on by McBurney or midline laparotomy, as well as 18 of 35 patients without surgical disease (negative appendectomy rate of 15.4 percent). Distribution of diagnosis in the 134 patients included in the study.

Surgical diseases other than appendicitis (n = 11)

  

	Bowel perforation: 2
	Diverticulitis: 3
	Bowel ischemia: 2
	Crohn's disease with abcess: 1
	Perforated caecum carcinoma: 1
	Right adnexal endometriosis: 1
	Anisakiasis: 1
	Appendicitis and severity (n = 88)
	Phlegmonous appendicitis: 52
	Gangrenous appendicitis: 21
	Perforated appendicitis: 15 (17 percent)

Table 2 .

 2 Mean values of inflammatory markers in patients with and without surgical disease.

		Surgical disease	No surgical disease	P value
	CRP (mg/L)	67.7	12.2	< 0.0005
	WBC (per mm 3 )	14846	10791	< 0.0005
	Granulocytes (	79.9	71.9	0.001
	percent)			
	CRP: C-reactive protein; WBC: white blood-cells	

Table 3 .

 3 Predictive value of laboratory parameters (univariant analysis).

		r 2 (*)	P for r 2	AUC (P for AUC)
	CRP	0.29 P < 0.00005	0.846 (P < 0.0005)
	WBC	0.20 P < 0.00005	0.753 (P < 0.0005)
	Granulocytes	0.15	P = 0.0002	0.685 (P < 0.001)
	CRP + WBC	0.48 P < 0.00005	0.868 (P < 0.0005)
	(*) Nagelkerke coefficient. CRP: C-reactive protein; WBC: white blood-cells; AUC: area under
	the ROC curve.			

Table 4 .

 4 Data following the severity of appendicitis.

		Sex (M/F)	Evolution time	Mean CRP (CI 95 percent)	Mean WBC count (CI 95 percent)	Mean percent granulocytes (CI 95 percent)
	No appendicitis	10/25	42.1	12.2 (3.9-20.5) 10791 (9380-12202) 71.9 (67.6-76.2)
	Phlegmonous 32/20	20.1	27 (18.9-35.1) 14486 (13313-15660) 78.7 (75.9-81.5)
	Gangrenous 10/11	24.7	60.6 (41.1-80) 15972 (13714-18231) 83.2 (80.1-86.3)
	Perforated	8/7	50.1	174.8 (107.8-241.8)	15765 (12986-18545) 80.5 (76.8-84.2)
	P value	> 0.05 * < 0.0005 +	< 0.0005 +	< 0.0005 +	< 0.0005 +
	(*): P value of Chi-square test. (+): P value of ANOVA.

Table 5 .

 5 Predictive values of laboratory data.

		Sensitivity Specificity	PPV	NPV
	CRP	90.9 %	74.3 %	79.8 %	74.3 %
	WBC	86.4 %	42.9 %	73.6 %	62.5 %
	Granulocytes	82.8 %	45.7 %	73.3 %	48.5 %
	CRP + WBC	85.8 % (*) 37.1 % (+)	93.2 % (*)	92.3 % (+)
	PPV: positive predictive value. NPV: negative predictive value.

(*) Both elevated.

(+) 

Both normal.
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lower cut-off value (6 mg/L) as compared with 10 mg/L in most works. [START_REF] Grönroos | Leucocyte count and C-reactive protein in the diagnosis of acute appendicitis[END_REF][START_REF] Kessler | Appendicitis: evaluation of sensitivity, specificity, and predictive values of US, Doppler US, and laboratory findings[END_REF] During the first 12 hours after onset of pain it is specially indicated to consider CRP together with WBC; if one of them is normal and the other is elevated, patients could benefit from clinical observation or further imaging.

Wu et al. obtained areas under the curve as high as 0.97 and 0.91 for CRP during days 2 and 3 after onset of symptoms. [START_REF] Wu | Use of changes over time in serum inflammatory parameters in patients with equivocal appendicitis[END_REF] These results are consistent with the current study (0.896 for patients with more than 12 hours after onset of pain), even if cut-off values were higher in their study (9.5 and 17 mg/L as compared with 6 mg/L in the current study).

Severity of appendicitis

The dynamic usefulness of inflammatory parameters has been pointed out by some authors which performed repeated laboratory examinations in patients with equivocal signs. [START_REF] Andersson | Repeated clinical and laboratory examinations in patients with an equivocal diagnosis of appendicitis[END_REF][START_REF] Wu | Use of changes over time in serum inflammatory parameters in patients with equivocal appendicitis[END_REF] It has been suggested that CRP could accurately predict perforated appendicitis in children and adults. [START_REF] Grönroos | Leucocyte count and C-reactive protein in the diagnosis of acute appendicitis[END_REF] Our results confirm a close correlation between CRP and the severity of appendicitis, which is consistent with the results reported by Grönroos et al. [START_REF] Grönroos | Leucocyte count and C-reactive protein in the diagnosis of acute appendicitis[END_REF] Distinguishing between perforated and non-perforated appendicitis becomes more important as an increasing number of authors claim that these are different diseases: perforated appendicitis requires emergent surgery whereas non-perforated appendicitis can be accurately delayed some hours; 39 some authors even suggest that medical treatment could be suitable in uncomplicated appendicitis, but this is not still a standard of care [START_REF] Livingston | Disconnect between incidence of nonperforated and perforated appendicitis. Implications for pathophysiology and management[END_REF][START_REF] Andersson | The natural history and traditional management of appendicitis revisited: spontaneous resolution and predominance of prehospital perforations imply that a correct diagnosis is more important than an early diagnosis[END_REF] . WBC and granulocytes were not accurate in this setting, as they reached their highest level in gangrenous appendicitis and decreased in perforated appendicitis. Detecting complicated forms with CRP (values > 100 mg/L) could save time avoiding further imaging and prompting emergent surgery. On the other hand, patients with CRP levels between 10 and 40 mg/L and elevated WBC have probably