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Abstract

Objective—To develop a clinical score to predict appendicitis among older, male children who 

present to the emergency department (ED) with suspected appendicitis.

Methods—Patients with suspected appendicitis were prospectively recruited at 9 pediatric EDs. 

A total 2,625 patients enrolled; a subset of 961 males, age 8-18 were analyzed in this secondary 

analysis. Outcomes determined by pathology, operative reports and follow-up calls. Clinical and 

laboratory predictors with < 10% missing data and Kappa > 0.4 were entered into a multivariable 

model. Resultant beta-coefficients were used to develop a clinical score. Test performance was 
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assessed by calculating the sensitivity, specificity, positive predictive value [PPV], negative 

predictive value [NPV], and likelihood ratios [LRs].

Results—The mean age was 12.2 years; 49.9% (480) had appendicitis, 22.3% (107) had 

perforation, and the negative appendectomy rate was 3%. In patients with and without 

appendicitis, overall imaging rates were 68.6% (329) and 84.4% (406), respectively. Variables 

retained in the model included maximum tenderness in RLQ, pain with walking/coughing or 

hopping, and the absolute neutrophil count. A score ≥ 8.1 had a sensitivity of 25% [95% CI 

20-29%], specificity of 98% [96-99%] and PPV of 93% [86-97%] for ruling in appendicitis.

Conclusion—We developed an accurate scoring system for predicting appendicitis in older boys. 

If validated, the score may allow clinicians to manage a proportion of these male patients without 

diagnostic imaging.
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Background

Appendicitis represents a common and challenging diagnosis within pediatric emergency 

medicine. A clinician's ability to diagnosis appendicitis based on historical and physical 

examination findings alone is variable, with a sensitivity of 75% and specificity of 78%.1 

This diagnostic uncertainty, coupled with a desire to reduce negative appendectomy rates, 

has led to a heavy reliance on diagnostic imaging such as CT, ultrasound, and MRI.2-4 

Recent data has indicated a reduction in the utilization of CT at Children's Hospitals, with an 

increase in total diagnostic imaging rates (use of ultrasound and MRI above and beyond the 

declines in CT use.5 These trends may be problematic and although not associated with 

direct exposure to ionizing radiation, the mixed test performance of ultrasound, could 

potentially lead to unnecessary testing and increased health care expenditures.6 For this 

reason, a more nuanced approach in which risk for appendicitis is more accurately 

determined may offer clinical benefit.

Clinical scoring systems can help in identifying patients at high or low risk for 

appendicitis.7-9 Unfortunately, prospective validation of these scores has shown mixed test 

performance, and thus limited their acceptance as alternatives to diagnostic imaging.10,11 

The heterogeneous presentation of children with possible appendicitis, especially among 

females and young children, may be an important reason for the lack of success of these 

rules.12 In comparison, male patients are known to present with more typical findings for 

appendicitis and have fewer alternative etiologies for right lower quadrant pain, and thus 

may serve as better target populations for an appendicitis clinical scoring system.13 

Therefore, in this study we sought to identify which male patients were at highest risk for 

appendicitis The ultimate benefit for such a rule may be to identify a sub-population of 

patients that require urgent referral for surgical evaluation or for whom diagnostic imaging is 

not required to confirm the diagnosis.

Kharbanda et al. Page 2

Acad Pediatr. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Methods

Study Design and Setting

We conducted a planned secondary analysis of a prospective, observational study of patients 

with suspected appendicitis at 9 pediatric emergency departments (PED) located in 

Children's Hospitals. Study subjects were enrolled from March 2009 through April 2010. All 

enrolling sites were members of the Pediatric Emergency Medicine Collaborative Research 

Committee (PEMCRC) of the American Academy of Pediatrics. The PEM-CRC reviewed 

and approved the final study protocol. Each participating site's Institutional Review Board 

(IRB) also approved the study. Six IRBs granted a waiver of written informed consent/assent 

and instead obtained verbal consent. At the three remaining sites, written consent from the 

guardians and assent from children seven years of age and older was obtained.

Study Patients

In the parent study, we enrolled children and adolescents between 3 and 18 years of age who 

presented to the ED with acute abdominal pain of < 96 hours duration and were being 

evaluated for suspected appendicitis. “Suspected appendicitis” was defined as those patients 

who were being evaluated by blood tests (e.g. complete blood count), radiologic studies (CT 

and/or US) and/or a surgical consultation for the purpose of diagnosing appendicitis. In the 

current analysis, we limited our analytic sample to males between the ages of 8-18 years. We 

excluded patients with any of the following conditions: prior abdominal surgery (e.g. 

gastrostomy tube, abdominal hernia repair), chronic gastrointestinal illness or abdominal 

pain (e.g. inflammatory bowel disease, chronic pancreatitis, chronic/recurrent appendicitis), 

sickle cell anemia, cystic fibrosis, a medical condition affecting the provider's ability to 

obtain an accurate history (e.g. significant language/developmental delay), or history of 

abdominal trauma within 7 days of evaluation. We also excluded patients who had radiologic 

studies (CT or US) of the abdomen performed prior to ED arrival. Study procedures related 

to training of site staff, patient enrollment, standardized data collection, and transmission to 

the central data management warehouse have been described previously.14

Study Procedure and Data Collection

Site principal investigators received standardized training, a detailed manual of operations 

and instructions on the proper completion of case report forms (CRF's). CRF's were 

completed by a pediatric emergency medicine attending/fellow or resident physician with 

attending oversight. CRF's were completed prior to knowledge of CT or US results. The 

decision to obtain laboratory studies, radiologic studies or surgical consultation was not 

dictated by study protocol. We conducted telephone follow-up (in English or Spanish, as 

appropriate) within 2 weeks of the index ED visit to determine resolution of signs and 

symptoms, visits to other sites of care and need for surgery. If we were unable to contact the 

guardian, research coordinators reviewed the medical record for 90 days after the index PED 

visit to determine if the patient underwent a CT, US, or operation at that specific facility.
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Outcome Measures

The primary outcome was presence or absence of appendicitis. Final diagnosis of 

appendicitis was determined by pathology, operative reports or by telephone follow-up. For 

those who underwent an appendectomy, we determined the presence or absence of 

appendicitis by pathology reports. The presence or absence of perforation was determined 

from the attending surgeon's written operative report. In cases where a non-surgical 

diagnosis was assigned, we contacted the family between 14-21 days after the ED visit to 

assess for resolution of signs and symptoms, visits to other sites of care and need for surgery.

Data Analysis

We used standard descriptive statistics to describe our two groups (patients with and without 

appendicitis). Potential predictors were selected from review of the prior literature and were 

collected prospectively during patient enrollment. For the present analysis, we only included 

predictors with less than 10% missing data and at least moderate inter-rater reliability 

(Kappa>0.4) in the male subgroup.15 The predictors analyzed were (coded as binary 

variables unless otherwise indicated): age (in years), duration of pain (categorized as <12, 

12-23, 24-35, 36-47, 48-71, and ≥72 hours), history of anorexia, history of nausea, history of 

emesis migration of pain to right lower quadrant (RLQ), focal pain in the RLQ, tenderness 

(coded as mild, moderate, or severe), right-sided abdominal tenderness, maximum 

tenderness in the RLQ, presence of rebound tenderness, guarding, and pain with walking, 

coughing or hopping. For this analysis, “unsure” or “don't know” responses were coded as 

missing data. Additionally, we included in the regression analysis the white blood cell count 

(WBC) and absolute neutrophil count (ANC), both as continuous measures.

Logistic Regression

We estimated a multivariable logistic regression model with appendicitis diagnosis as the 

dependent variable and the predictor variables as described above as the independent 

variables. To determine the most parsimonious model without sacrificing discriminative 

ability, we eliminated the least predictive covariate (as determined by the covariates' p value) 

and statically compared the area under the curve (AUC) of the full model to that of the 

reduced model (i.e., the null hypothesis held that the AUCs were equal). A significant 

reduction in AUC would indicate that the eliminated variable contributed significantly to the 

predictive ability of the model and should be retained. A non-significant AUC would 

indicate that the variable could be eliminated without any corresponding loss of predictive 

ability. We conducted an iterative model reduction procedure, repeating the steps described 

above until the AUC comparison test was not significant. The resulting model was 

considered our final model for subsequent analyses.

We developed a clinical score by using the adjusted β coefficients from the final model and 

multiplying them by a patient's own values for the corresponding variables, and then 

summing over the resulting set of products to arrive at a patient-specific final score. Thus, 

this score represented a sum of a patient's risk factors, with each factor weighted by its 

predictive ability in the multivariable model.
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Finally, we assessed the test performance of the clinical score at several high risk cut-points. 

Because we had no a priori reason to use a specific value for our clinical score as a cut-point 

to define appendicitis case status, we report the test performance across a range of values for 

the positive predictive value (PPV) that we believe may influence clinical management. 

Thus, we created three cut-points corresponding to PPVs of 85, 90, and 95%. For each cut-

point, a patient was classified as a case (i.e., with appendicitis) if the calculated score for the 

given patient was greater than or equal to the cut-point, and a non-case otherwise. Test 

performance of each cut-point was assessed by calculating the sensitivity, specificity, and 

likelihood ratios [LRs]. All analyses were conducted with STATA version 13.1 (College 

Station, TX).

Results

Participant Characteristics

From 2625 patients in the parent study, our analytic dataset consisted of 961 males with 

suspected appendicitis (Figure 1). The mean (SD) patient age in the study sample was 12.2 

years (standard deviation: 2.6 years). Overall, 49.9% (n = 480) of patients had appendicitis, 

22.3% (n = 107) had perforated appendicitis and the negative appendectomy rate was 3% (n 

= 17) (Table 1). In patients with appendicitis, the overall imaging rate was 68.6% (n = 329), 

the rate of CT utilization was 65.0% (n = 214), and the rate of US was 42.9% (n = 141). In 

patients without appendicitis, the overall imaging rate was 84.4% (n = 406), the CT 

utilization rate was 72.7% (n = 295), and the US rate was 42.6% (n = 173).

Development of the Appendicitis Clinical Score

The bivariate association between each potential predictor and the diagnosis of appendicitis 

is displayed in Table 2. All predictors except for age and duration of pain were statistically 

associated with appendicitis. The number of patients with missing data varied by predictor 

(e.g. n=2 for history of emesis; n=72 for ANC). The number of patients with complete data 

on all potential predictors was 719, which constituted the sample for the remainder of the 

analyses.

We first estimated the full model predicting appendicitis with all available predictors (AUC 

= 0.89, 95% CI = 0.86, 0.91). Four predictors (maximum tenderness in RLQ, rebound 

tenderness, pain with walking/coughing/hopping, and ANC) emerged as statistically 

significant. After conducting the model reduction procedure, twelve predictors were 

eliminated without any significant reduction in the AUC. Three predictors (maximum 

tenderness in RLQ, pain with walking/coughing/hopping, and ANC) could not be dropped 

without a significant reduction in the AUC and so were retained. Table 3 displays the results 

from the final multivariable model. The area under the curve for this model was 0.88 (95% 

CI = 0.85, 0.90). The resulting appendicitis clinical score, calculated from the adjusted beta 

coefficients provided by this multivariable model ranged from 0.29 to 12.6 (mean ± standard 

deviation = 5.7 ± 2.1). We created three cut-points of this clinical score, corresponding to 

our a priori determined values for the PPV. These cut-points and corresponding PPVs were 

6.2 (85%), 7.2 (90%), and 8.1 (93%), respectively. Although we intended to use a PPV of 

95%, the maximum PPV provided by the risk score was risk score was 93%.
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Application of Risk Score

Table 4 displays the performance of the clinical score to classify patients according to the 

appendicitis diagnosis. Among patients who screened positive using the cut point 

corresponding to a PPV of 93%, (n=96), 89 of these patients had a diagnosis of appendicitis. 

The use of advanced imaging among this cohort was 63% (n=60).

Discussion

Using data from a large, prospective, multi-site study of patients with suspected appendicitis, 

we developed an accurate clinical score to predict appendicitis in males 8-18 years. The 

clinical score allows for identification of population of male patients at high risk, which may 

help facilitate more appropriate utilization of advanced diagnostic imaging and resource 

allocation for these patients.

Several previous studies have developed appendicitis prediction models.7-9,16 The most 

widely cited models to risk stratify children for appendicitis were derived by Samuel 9 and 

Alvarado.7 Both studies reported strong test performance, with the Alvarado's study 

reporting a sensitivity of 81% and specificity of 74% while the PAS study reported a 

sensitivity of 100% and a specificity of 92%. Independent validation studies, however, have 

noted varied performance, thus limiting their widespread acceptance.1,10,16,17 In one recent 

publication, the authors attempted to improve the performance of the Samuels score through 

alternative cut-points, unfortunately the PPV was no better than 85% with this approach.11 A 

more recent meta-analysis examined a range of cut-points for the Samuels and Alvarado 

score, which unfortunately also concluded that no high risk score adequately predicted 

appendicitis among pediatric patients (maximum PPV of 85% with a pre-test probability of 

40%).18

Rather than attempting to develop a rule that would be applicable all patients, we elected to 

design a rule that was age and gender specific. We hypothesized this narrow population 

would have less variability in presentation and a more limited differential diagnosis. 

Accordingly, our developed clinical scoring system provided a higher specificity and PPV 

than is reported in the previous studies.10,11,16 It is important to note that similar historical 

and physical examination variables have been found to be significant across all of the 

previous prediction models. In our study, maximum tenderness in RLQ, rebound tenderness, 

pain with walking/coughing/hopping, as well as the ANC were the most important factors. 

The major differentiation we note is that we did not select a discrete cut-point for the ANC 

in our study. By calculating a risk score across utilizing a wide range of values for the ANC, 

we were able to develop a better performing rule.

Ultimately, in order for a high risk appendicitis score to be accepted by surgeons and ED 

physicians, it will need to perform as well as current management options when integrated 

into a clinical setting. In this regard, several studies have tested clinical pathways that 

include existing scoring systems (i.e. PAS score) to identify low, high and moderate risk 

patients and recommend management.19-21 Unfortunately, when compared to judgment of 

experienced clinicians, these clinical pathways may not perform significantly better than 

clinicians at predicting appendicitis.1,19 However, these studies have indicated that 

Kharbanda et al. Page 6

Acad Pediatr. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



utilization of clinical pathways can standardize care and lower rates of CT.19-22 Our clinical 

score may improve on the currently established methods for risk stratifying patients, and in 

the case of male patients, provide a more nuanced approach to patient care. Given the 

unclear benefit of advanced imaging in males over age 5 in reducing rates of negative 

appendectomies,23 elevated values of our clinical score would have sufficient test 

performance to provide surgeons confidence in deferring the need for imaging and taking 

high risk children directly to the operating room.

Our study is subject to several limitations. Most notably, this study was conducted within a 

network of tertiary care, academic children's hospitals; therefore our findings may not be 

applicable in other settings. Although we collected data prospectively from multiple 

different hospital systems, external validation of our results, especially within non-academic 

settings, will be important prior to implementation. The overall rate of appendicitis in our 

cohort was high (50%). As such, the performance of our clinical score will need to be 

assessed among populations with lower background rates of appendicitis. Finally, the 

developed score is difficult to calculate without the assistance of a computer or other aid to 

remind the clinician of the score elements. Given this limitation, we did consider other 

methods for developing and deploying clinical decision rules, which can be used without the 

aid of electronic calculation.24 However, we believe that developments in bioinformatics and 

other technologies could facilitate the integration of algorithms into the electronic medical 

record, automatically accessing necessary data elements and generating risk scores. This 

approach may be most useful as part of larger risk stratification algorithms for care or for 

community clinicians to determine the urgency of referral.

Conclusions

We have developed a highly accurate scoring system for predicting appendicitis in boys 8-18 

years. This rule has the potential to facilitate a more standardized and judicious utilization of 

diagnostic imaging while maintaining high quality care. Further work to externally validate 

this rule is necessary before application should be considered.
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Abbreviations

ANC Absolute neutrophil count

CRF Case report forms

CT Computerized tomography

US Ultrasound IRB, Institutional review board

PEM-CRC Pediatric Emergency Medicine Collaborative Research Committee

PPV Positive predictive value

RLQ Right lower quadrant

WBC White Blood cell count

AUC Area Under the Curve
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What's New

Given recent emphasis on reducing diagnostic imaging as well as healthcare costs, we 

believe that our high risk clinical score could provide clinicians a more judicious and 

standardized approach to the care of male children with possible appendicitis.
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Figure 1. Flow Diagram of Study Population and Final Diagnosis
Proportions exceed 100% as patients may have had more than one study
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Figure 2. Full Distribution of Scores
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Table 1
Patient Demographics

Sex Male 100% (961)

Age (years) Mean 12.2, SD 2.6

Race

 American Indian/Alaska Native 0.1% (1)

 Asian 1.9% (18)

 Native Hawaiian or Pacific Islander 0.3% (3)

 Black or African American 12.4% (119)

 White 65.9% (633)

 Other 17.1% (164)

 Unknown/not reported 2.4% (23)

Ethnicity

 Not Hispanic or Latino 69.5% (668)

 Hispanic or Latino 30.3% (291)

 Unknown/not reported 0.2% (2)

Language

 English 82.1% (789)

 Spanish 17.2% (165)

 Other 0.7% (7)

Appendicitis Rate 49.9% (480)

Perforation Rate 22.3% (107)

Negative Appendectomy Rate 3% (17)
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Table 3
Final multivariable model predicting appendicitis (n=719)

Predictor Adjusted beta Adjusted OR (95% CI)

Maximal tenderness in RLQ 2.00 7.40 (4.38, 12.49)

Pain with walking, coughing or hopping 1.70 5.50 (3.29, 9.20)

ANC (103/μL)1 0.30 1.35 (1.28, 1.41)

1
A one unit change corresponds to an increase of 1,000 cells per mcL

Final Risk Score Formula
(maximum tenderness[y=1/n=0]* 2.0) + (pain with walking, coughing or hopping[y=1/n=0]*1.70) + ANC [WBC*neutrophil%]*0.30)
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