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ABSTRACT 51 

This clinical policy from the American College of Emergency Physicians is a revision of the 2010 52 

Clinical Policy: Critical Issues in the Evaluation and Management of Emergency Department Patients 53 

with Suspected Appendicitis. A writing subcommittee conducted a systematic review of the literature to 54 

derive evidence-based recommendations to answer the following clinical questions: 1) In emergency 55 

department patients with possible acute appendicitis, can a clinical prediction rule be used to identify 56 

patients for whom no advanced imaging is required? 2) In emergency department patients with suspected 57 

acute appendicitis, is the diagnostic accuracy of ultrasound comparable to CT or MRI for the diagnosis of 58 

acute appendicitis? 3) In emergency department patients who are undergoing CT of the abdomen and 59 

pelvis for suspected acute appendicitis, does the addition of contrast improve diagnostic accuracy? 60 

Evidence was graded, and recommendations were made based on the strength of the available data. 61 

 62 

INTRODUCTION  63 

Abdominal pain is a high-volume, high-risk chief complaint. In 2016, patients with abdominal 64 

pain composed 8.6% of emergency department (ED) visits and almost 200,000 patients have the diagnosis 65 

of appendicitis each year.1 Missed diagnosis of appendicitis remains an area at high risk for litigation.2 66 

Among children, appendicitis is the fifth most common cause of malpractice litigation against emergency 67 

physicians.3 The diagnosis of appendicitis can be challenging even in the most experienced of clinical 68 

hands.  69 

Despite the increasing utilization of computed tomography (CT) in patients with possible appendicitis, 70 

such widespread use may be unnecessary. Traditional teaching suggests that clinical indicators (eg, signs, 71 

symptoms, laboratory tests) exist that may be utilized to identify patients with acute appendicitis. It has 72 

been suggested that such indicators may be used to facilitate the early identification of ED patients who 73 

have acute appendicitis. Of particular interest to the emergency medicine physician is the identification of 74 

patients who are so unlikely to have appendicitis that do not warrant imaging to confirm the diagnosis.  75 
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Similarly, patients with high clinical suspicion for appendicitis may be referred to a surgeon with minimal 76 

or no testing.4  77 

Once the decision is made to image, performing a CT may or may not involve the use of contrast. If 78 

contrast is used, does it increase diagnostic performance in a clinically meaningful way? In children, 79 

some clinicians use ultrasound before or in lieu of CT to diagnose appendicitis. Although ultrasound does 80 

not involve ionizing radiation or the risks associated with contrast, the accuracy of either a positive or 81 

negative ultrasound result merits discussion.  More recently, magnetic resonance imaging (MRI) has been 82 

suggested as an alternative imaging modality in patient with suspected appendicitis as it also does not 83 

involve ionizing radiation.  Understanding the differences in diagnostic accuracy of ultrasound, CT, and 84 

MRI can inform decisions about imaging.  85 

This policy is an update of the 2010 ACEP “Clinical Policy: Critical Issues in the Evaluation and 86 

Management of Emergency Department Patients with Suspected Appendicitis.”5 All the previous critical 87 

questions from the 2010 policy were updated in this version with some expansion with different 88 

comparators. The prior questions were the following (1) Can clinical findings be used to guide decision-89 

making in the risk stratification of patients with possible appendicitis? (2) In adult patients with suspected 90 

acute appendicitis who are undergoing a computed tomography scan, what is the role of contrast? (3) In 91 

children with suspected acute appendicitis who undergo diagnostic imaging, what are the roles of 92 

computed tomography and ultrasound in diagnosing acute appendicitis? 93 

 94 

METHODOLOGY 95 

 96 

This ACEP clinical policy is based on a systematic review and critical descriptive analysis of the 97 

medical literature and is reported in accordance with PRISMA guidelines.6 98 

 99 

Search and Study Selection 100 

This clinical policy is based on a systematic review with a critical analysis of the medical literature 101 

meeting the inclusion criteria. Searches of PubMed, SCOPUS, Embase, Web of Science, and the Cochrane 102 
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Database of Systematic Reviews were performed by a librarian. Search terms and strategies were peer-103 

reviewed by a second librarian. All searches were limited to human studies published in English. Specific 104 

key words/phrases, years used in the searches, dates of searches, and study selection are identified under 105 

each critical question. In addition, relevant articles from the bibliographies of included studies and more 106 

recent articles identified by committee members and reviewers were included.  107 

Two subcommittee members independently read the identified abstracts to assess them for possible 108 

inclusion. Of those identified for potential inclusion, each full-length text was reviewed for eligibility. 109 

Those identified as eligible were subsequently forwarded to the committee’s methodology group 110 

(emergency physicians with specific research methodological expertise) for methodological grading using 111 

a Class of Evidence framework (Appendix A). 112 

 113 

Assessment of Risk of Bias and Determination of Classes of Evidence 114 

Each study identified as eligible by the subcommittee was independently graded by two 115 

methodologists. Grading was done with respect to the specific critical questions; thus, the Class of Evidence 116 

for any one study may vary according to the question for which it is being considered. For example, an 117 

article that is graded an “X” due to “inapplicability” for one critical question may be considered perfectly 118 

relevant for another question and graded I – III. As such, it was possible for a single article to receive a 119 

different Class of Evidence grade when addressing a different critical question.  120 

Design 1 represents the strongest possible study design to answer the critical question, which relates 121 

to whether the focus was therapeutic, diagnostic, or prognostic, or a meta-analysis. Subsequent design types 122 

(ie, Design 2 and Design 3) represent respectively weaker study designs. Articles are then graded on 123 

dimensions related to the study’s methodological features and execution, including but not limited to 124 

randomization processes, blinding, allocation concealment, methods of data collection, outcome measures 125 

and their assessment, selection and misclassification biases, sample size, generalizability, data 126 

management, analyses, congruence of results and conclusions, and potential for conflicts of interest.  127 
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Using a predetermined process that combines the study’s design, methodological quality, and 128 

applicability to the critical question, two methodologists independently assigned a preliminary Class of 129 

Evidence grade for each article. Articles with concordant grades from both methodologists received that 130 

grade as their final grade. Any discordance in the preliminary grades was adjudicated through discussion 131 

which involved at least one additional methodologist, resulting in a final Class of Evidence assignment (ie, 132 

Class I, Class II, Class III, or Class X) (Appendix B). Studies identified with significant methodologic 133 

limitations and/or ultimately determined to not be applicable to the critical question received a Class of 134 

Evidence grade “X” and were not used in formulating recommendations for this policy. However, content 135 

in these articles may have been used to formulate the background and to inform expert consensus in the 136 

absence of evidence. Question-specific Classes of Evidence grading may be found in the Evidentiary Table 137 

included at the end of this policy. 138 

 139 

Translation of Classes of Evidence to Recommendation Levels 140 

Based on the strength of evidence for each critical question, the subcommittee drafted the 141 

recommendations and supporting text synthesizing the evidence using the following guidelines: 142 

Level A recommendations. Generally accepted principles for patient care that reflect a high degree 143 

of scientific certainty (eg, based on evidence from one or more Class of Evidence I, or multiple Class of 144 

Evidence II studies that demonstrate consistent effects or estimates). 145 

Level B recommendations. Recommendations for patient care that may identify a particular 146 

strategy or range of strategies that reflect moderate scientific certainty (eg, based on evidence from one or 147 

more Class of Evidence II studies, or multiple Class of Evidence III studies that demonstrate consistent 148 

effects or estimates). 149 

Level C recommendations. Recommendations for patient care that are based on evidence from 150 

Class of Evidence III studies or, in the absence of adequate published literature, based on expert consensus. 151 

In instances where consensus recommendations are made, “consensus” is placed in parentheses at the end 152 

of the recommendation. 153 



 

6 

 

There are certain circumstances in which the recommendations stemming from a body of evidence 154 

should not be rated as highly as the individual studies on which they are based. Factors such as consistency 155 

of results, uncertainty of effect magnitude, and publication bias, among others, might lead to a downgrading 156 

of recommendations. When possible, clinically-oriented statistics (eg, likelihood ratios [LRs], number 157 

needed to treat) are presented to help the reader better understand how the results may be applied to the 158 

individual patient. This can assist the clinician in applying the recommendations to most patients but allow 159 

adjustment when applying to patients with extremes of risk (Appendix C).  160 

 161 

Evaluation and Review of Recommendations 162 

Once drafted, the policy was distributed for internal review (by members of the entire committee) 163 

followed by external expert review and an open comment period for all ACEP membership. Comments 164 

were received during a 60-day open comment period with notices of the comment period sent electronically 165 

to ACEP members, published in EM Today, posted on the ACEP Web site, and sent to other pertinent 166 

physician organizations. The responses were used to further refine and enhance this clinical policy, although 167 

responses do not imply endorsement. Clinical policies are scheduled for revision every 3 years; however, 168 

interim reviews are conducted when technology, methodology, or the practice environment changes 169 

significantly.  170 

 171 

Application of the Policy 172 

This policy is not intended to be a complete manual on the evaluation and management of adult 173 

patients with acute heart failure syndromes but rather a focused examination of critical questions that have 174 

particular relevance to the current practice of emergency medicine. Potential benefits and harms of 175 

implementing recommendations are briefly summarized within each critical question. 176 

It is the goal of the Clinical Policies Committee to provide evidence-based recommendations when 177 

the scientific literature provides sufficient quality information to inform recommendations for a critical 178 

question. When the medical literature does not contain adequate empirical data to inform a critical question, 179 
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the members of the Clinical Policies Committee believe that it is equally important to alert emergency 180 

physicians to this fact.  181 

This clinical policy is not intended to represent a legal standard of care for emergency physicians. 182 

Recommendations offered in this policy are not intended to represent the only diagnostic or management 183 

options available to the emergency physician. ACEP recognizes the importance of the individual 184 

physician’s judgment and patient preferences. This guideline provides clinical strategies for which medical 185 

literature exists to inform the critical questions addressed in this policy. ACEP funded this clinical policy. 186 

 187 

 Scope of Application. This guideline is intended for physicians working in hospital-based EDs. 188 

 Inclusion Criteria.  This guideline is intended for patients presenting to the ED with acute, non-189 

traumatic abdominal pain, and possible or suspected appendicitis. 190 

Exclusion Criteria.  This guideline is not intended to address the care of patients with trauma-191 

related abdominal pain, or pregnant patients. 192 

 193 

CRITICAL QUESTIONS 194 

1. In emergency department patients with possible acute appendicitis, can a clinical prediction rule 195 

be used to identify patients for whom no advanced imaging is required? 196 

 197 

Patient Management Recommendations 198 

Level A recommendations. 199 

Level B recommendations. In pediatric patients, clinical prediction rules can be used to risk 200 

stratify for possible acute appendicitis. However, do not use clinical prediction rules alone to identify 201 

patients who do not warrant advanced imaging for the diagnosis of appendicitis. 202 

 203 

Level C recommendations. In adult patients, due to insufficient data, do not use clinical 204 

prediction rules to identify patients for whom no advanced imaging is required.  205 

 Potential Benefit of Implementing the Recommendations:  206 

• Reduction of CT imaging, radiation exposure, cost, and ED length of stay 207 

 208 

 Potential Harm of Implementing the Recommendations:  209 
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• Possible missed diagnosis of appendicitis in a patient presenting with low-risk symptoms, 210 

atypical presentations, or early in the disease course. 211 

 212 

Key words/phrases for literature searches:  213 

Appendicitis, Ruptured Appendicitis, Perforated Appendicitis, Clinical Decision Support Systems, 214 

Clinical Decision Rules, Clinical Prediction Rules, Clinical Prediction Tools, Computer Assisted 215 

Tomography, X-Ray Computed Tomography, CT Scans, Ultrasonic tomography, Medical Imaging, 216 

Ultrasonography, Diagnostic Ultrasound, Ultrasound Imaging, Ultrasonic imaging, Ultrasonic diagnosis, 217 

Ultrasonographic Imaging, Sonography, Medical Sonography, Diagnostic Imaging, echography, 218 

Computer echotomography, emergency, emergency health service, hospital emergency service, 219 

emergency ward, emergency medicine, emergency care, emergency treatment, emergency department, 220 

emergency room, emergency service, emergency services, and variations and combinations of the key 221 

words/phrases. Searches included January 2009 to search dates of May 10-11, 2020. 222 

 223 

Study Selection: One hundred and twenty articles were identified in searches. Eighteen articles 224 

were selected from the search results as potentially addressing this question and were candidates for 225 

further review. After grading for methodological rigor, 4 articles were selected from the search results for 226 

further review with zero Class I studies, 0 Class II studies, and 4 Class III study included for this critical 227 

question (Appendix D). 228 

 229 

The ability to accurately identify or exclude acute appendicitis using a clinical prediction rule 230 

without advanced imaging represents one of the holy grails in emergency medicine. After review of the 231 

initial set of 18 articles, only 4 met criteria for inclusion. All 4 articles were level III evidence. Gonzalez 232 

del Castillo et al7 compared a prospective observational cohort of younger patients ages 2-20 years old 233 

using the APPY1 test to risk stratify the patients. The APPY1 test evaluates for C- reactive protein and 234 

calprotectin levels that gets combined with a WBC result.  Patients were also broken out using Alvarado 235 

score into low, intermediate, or high-risk cohorts as part of a secondary data analysis.  An Alvarado score 236 

>4 had sensitivity 0.92 (95% CI 0.85-0.96), specificity 0.45 (95% CI 0.38-0.52), positive LR 1.7 237 

(95% CI 1.5-1.9), and negative LR 0.2 (95% CI 0.1-0.3) for the diagnosis of appendicitis. 238 

Saucier et al8 evaluated the pediatric appendicitis score (PAS) in patients 136 patients aged 3-17 years 239 

old with suspected appendicitis. In patients with a low PAS the prevalence of appendicitis was 0 (95% CI 240 

0.0-0.08 ). Fleishman et al9 performed a prospective study of children (3-18 years old) with suspected 241 

appendicitis and were categorized as low, intermediate, or high risk according to a previously derived 242 

score.  Classification as intermediate or high risk by score had sensitivity 0.97 (95% CI 88-100), 243 
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specificity 0.41 (95% CI 0. 31-0.50), positive LR 1.6 (95% CI 1.4-1.9), negative LR 0.06 (95% CI 0.02-244 

0.30). Mandeville et al10 performed a prospective study in children (4-17 years old) with suspected 245 

appendicitis and evaluated the Alvarado and PAS scores. The overall prevalence of appendicitis in this 246 

cohort was 54%. The authors report the Cohen’s kappa coefficients for interrater reliability of score 247 

calculation between 2 providers to be 0.67 for Alvarado and 0.59 for PAS. This suggests moderate 248 

agreement between providers.  All studies did not have adequate LR to rule in or rule out appendicitis by 249 

using a risk score alone. It is important to note that no studies of adult patients met the methodology 250 

criteria for this clinical policy.  251 

 252 

Summary  253 

The diagnosis of appendicitis remains a clinical challenge for even the most experienced 254 

emergency physician.  The Alvarado score is a well-known clinical scoring system from a retrospective 255 

study of patients with abdominal pain discussed in the prior guideline from 2010 in the Annals of 256 

Emergency Medicine.5  It is often used by emergency physicians to assist in detection of appendicitis and 257 

determine need for CT scan.  These scores low diagnostic accuracy and agreement make them insufficient 258 

to use alone to identify pediatric and adolescent patients that do not need additional imaging. There is 259 

insufficient data to support the use of the Alvarado score in adult patients.  260 

 261 

Future Research  262 

 Develop a prospectively validated clinical prediction rule that is reproducible across institutions 263 

to identify high-risk patients that do not need further imaging, but likely have appendicitis. There is a 264 

similar need for the prediction rule to identify patients at low risk for appendicitis that can be treated 265 

conservatively without advanced imaging. 266 

 267 

2. In emergency department patients with suspected acute appendicitis, is the diagnostic accuracy 268 

of ultrasound comparable to CT or MRI for the diagnosis of acute appendicitis?  269 

 270 



 

10 

 

Patient Management Recommendations 271 

Level A recommendations. 272 

Level B recommendations. In pediatric patients with suspected acute appendicitis, if readily 273 

available and reliable, use right lower quadrant (RLQ) ultrasound (US) to diagnose appendicitis. 274 

An unequivocally* positive RLQ US with complete visualization of a dilated appendix has 275 

comparable accuracy to a positive CT or MRI in pediatric patients. 276 

Level C recommendations. In adult patients with suspected acute appendicitis, an unequivocally* 277 

positive RLQ US has comparable accuracy to a positive CT or MRI for ruling in appendicitis. 278 

 279 

*A non-visualized or partially-visualized appendix should be considered equivocal. Reasonable 280 

options for pediatric patients with an equivocal ultrasound and residual suspicion for acute appendicitis 281 

include MRI, CT, surgical consult, and/or observation, depending on local resources and patient 282 

preferences with shared decision making. 283 

 284 

 Potential Benefit of Implementing the Recommendations:  285 

• Lower rates of abdominal/pelvic CT for appendicitis evaluation, which in turn would 286 

lessen the risks of ionizing radiation. 287 

• Faster throughput for ED patients when ultrasound results are unequivocal (see text for a 288 

description of the characteristics defining an unequivocal exam vs.  an equivocal/non-289 

diagnostic exam) 290 

• Patient-centering of care when diagnostic options are at equipoise for pediatric patients 291 

(e.g. US vs. CT or MRI, serial exam or observation after non-diagnostic US vs. follow-up 292 

CT or MRI) 293 

 294 

 Potential Harm of Implementing the Recommendations:  295 

• Prolonged ED patient throughput when US is equivocal/non-diagnostic 296 

• Increased resource utilization when US is ordered, and results as non-diagnostic, in 297 

patients already at a very low pretest probability for acute appendicitis (ie, those unlikely 298 

to need any imaging in the first place).  For instance, in a patient with very low pretest 299 

probability an equivocal US may lead to CT, MRI, hospital observation, or surgical 300 

consult which are unnecessary based on the patient’s pretest odds of acute appendicitis. 301 

• Reduced diagnostic accuracy when point of care US (POCUS), rather than radiology-302 

performed US, is used by clinicians lacking experience in POCUS for acute appendicitis. 303 

 304 

Key words/phrases for literature searches: Appendicitis, Ruptured Appendicitis, Perforated Appendicitis, 305 

Computer Assisted Tomography, X-Ray Computed Tomography, CT Scans, Ultrasonic tomography, 306 
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Medical Imaging, Ultrasonography, Diagnostic Ultrasound, Ultrasound Imaging, Ultrasonic imaging, 307 

Ultrasonic diagnosis, Ultrasonographic Imaging, Sonography, Medical Sonography, Diagnostic Imaging, 308 

echography, Computer echotomography, steady-state free precession MRI, Magnetic Resonance Imaging, 309 

Magnetization Transfer Contrast Imaging, MRI Scan, fMRI, Functional MRI, Functional Magnetic 310 

Resonance Imaging, emergency, emergency health service, hospital emergency service, emergency ward, 311 

emergency medicine, emergency care, emergency treatment, emergency department, emergency room, 312 

emergency service, emergency services, and variations and combinations of the key words/phrases. 313 

Searches included January 2009 to search dates of May 10-11, 2020.  314 

 315 

 316 

Study Selection: Two hundred and eighty-eight articles were identified in searches. Ninety-four 317 

articles were selected from the search results as potentially addressing this question and were candidates 318 

for further review. After grading for methodological rigor, 13 articles were selected from the search 319 

results for further review with zero Class I studies, 2 Class II studies, and 11 Class III studies included for 320 

this critical question.  321 

 322 

Diagnosis of acute appendicitis in the emergency department (ED) is typically accomplished with 323 

one of three medical imaging modalities: computed tomography (CT), magnetic resonance imaging 324 

(MRI), and/or ultrasound (US).  US represents an attractive alternative to CT and MRI.  Image acquisition 325 

is fast, US is generally more available than MRI, and requires no ionizing radiation like CT.  US may also 326 

reduce costs compared to CT and can be performed as a bedside a point of care (POCUS) exam by trained 327 

practitioners. 11, 12 Because of these advantages, an US-first approach to pediatric appendicitis diagnosis 328 

has been previously recommended by the American College of Radiology13 and the previous version of 329 

this ACEP Clinical Policy.5 Utilizing an US first approach requires skilled sonographers who are able to 330 

clearly report when the appendix has been fully visualized.  The role for US in adults with suspected 331 

acute appendicitis is less well-defined.  In adult patients, there is a concern for false negative studies 332 

especially in women, older patients, and those patients with an elevated BMI.14 This Critical Question 333 

sought to evaluate whether its diagnostic accuracy of US was comparable to CT and/or MRI in suspected 334 

acute appendicitis in both pediatric and adult ED patients. 335 

 336 

Characteristics of the search and included studies 337 

Two hundred and eighty-eight articles were retrieved in the search for this Critical Question.  On 338 

full text screening, 94 were of these were determined to be ED-based studies where the diagnostic test 339 
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characteristics (e.g. sensitivity, Specificity, positive likelihood ratio {positive LR}, negative likelihood 340 

ratio {negative LR}) of US for suspected acute appendicitis was reported and/or could be calculated from 341 

the reported results.  After methodologist review, 2 studies were graded as class II, 11 graded as class III, 342 

and 81 graded as class X (Appendix D).  Two class III studies were meta-analyses,11,15 in which four other 343 

class III studies16, 17, 18, 19 were included, leaving an effective total of 7 unique class III studies.  One class 344 

II study20 was included in a class III meta-analysis15 for its results on MRI, but not for its results on US. 345 

Prevalence of acute appendicitis in the primary research reports ranged from 32%21 to 54%.20  In 346 

one class III meta-analysis assessing CT, MRI, and US separately in adult and pediatric patients,15 347 

prevalence ranged from 26% (pediatric CT) to 80% (adult ultrasound).  Each imaging modality, for both 348 

adults and children, was assessed by at least one included article.  349 

 350 

CT and MRI Diagnostic Accuracy 351 

 Diagnostic test characteristics for studies evaluating CT and MRI in suspected acute appendicitis, 352 

including both adults and children, are summarized in Table 1.  A primary limitation of most studies on 353 

CT and MRI in this population is that US was often performed first, with CT or MRI as a second study.  354 

This had the potential to introduce incorporation bias in those studies where CT or MRI interpreters were 355 

unblinded to US results, spectrum bias, and partial verification or differential verification bias for studies 356 

where the indication to obtain CT or MRI was a non-diagnostic ultrasound exam.  Nevertheless, 357 

sensitivity and specificity for CT in the included studies were similar to previously published values of 358 

94% and 95%, respectively.11  Likewise, MRI studies included had similar accuracy to prior reports 359 

(sensitivity .97, specificity .96).21 360 

 361 
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Table 1 - Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) for Appendicitis Diagnosis 362 

Study Class Age 

Group 

Prevalence 

(n total) 

 

Imaging Protocol Features of Note Sensitivity 

(%) 

Specificity 

(%) 

LR Positive LR Negative 

CT 

Abo 201122 III Pediatric 43% (128) 29 did not receive US. 99 had US and 

CT, with CT performed second in the 

majority of cases. 

96 (86-99) 97 (90-

100) 

35.2 (9-138) 0.04 (0.01-0.15) 

Eng 201815 III Pediatric 26% (1498) Meta-analysis, includes Kaiser 2002 96 (93-98) 95 (93-96) 18 (14-23) 0.04 (0.02-0.07) 

Kaiser 

200223 

III Pediatric 43% (317) CT always performed after US. 

Radiologist unblinded to US at time of 

CT interpretation 

97 (93-99) 93 (89-97) 15 (8.5-25) 0.03 (0.01-0.08) 

Eng 201815 III Adult 29% (1027) Meta-analysis 90 (85-93) 94 (91-95) 14 (11-18) 0.11 (0.08-0.15) 

Repplinger21 

2018 

III Pediatric 

and Adult 

(Age >12) 

32% (198) All patients had CT and MRI, but 

clinically-indicated CT was the 

impetus for enrollment 

98 (90-100) 90 (83-94) 9.4 (5.9-16) 0.02 (0.00-0.06) 

CT Means, Weighted by Study N (Total N = 2851, 4 Studies. Eng 2018 includes Kaiser 

2002) 

94 94 16.7 0.06 

MRI 

Orth 201424 II Pediatric 37% (81) All patients had MRI and US, with 

blinded interpretations 

93 (78-99) 94 (84-99) 15 (5.2-46) 0.07 (0.02-0.28) 

Thieme 

201420 

II Pediatric 54% (104) All patients had MRI after US 100 (92-

100) 

89 (76-96) 9.1 (3.9-18) 0.00 (0.00-0.16) 

Eng 201815 III Pediatric 27% (287) Meta-analysis, includes Theime 2014 97 (86-100) 97 (92-99) 34 (15-75) 0.03 (0.01-0.10) 

Eng 201815 III Adult 52% (223) NR 90 (85-94) 94 (91-96) 15 (7.1-30) 0.04 (0.01-0.10) 

Repplinger 

201821 

III Pediatric 

and Adult 

(Age >12) 

32% (198) All patients had CT and MRI, but 

clinician-ordered CT was required for 

enrollment.   

97 (88-99) 81 (74-87) 5.2 (3.7-7.7) 0.04 (0.00-0.11) 

MRI Means, Weighted by Study N (Total N = 789, 4 Studies. Eng 2018 includes Thieme 

2014) 

95 92 11.6 0.06 

NR = Not Reported, LR = Likelihood Ratio 363 

 364 

US Diagnostic Accuracy Overall 365 
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 Table 2 summarizes test characteristics for US studies.  The value of a positive test was high across nearly all studies. A positive 366 

(unequivocal) test was defined as complete visualization of a dilated appendix except in one class II24 and one class III study.17 In the former, non-367 

visualization of the appendix with inflammatory signs was considered positive; in the latter, positive studies were subclassified by certainty of 368 

interpretation (probable vs. equivocal).  Nine pediatric studies showed a positive LR ≥10.  Those pediatric studies with a positive LR<10 included 369 

one small class II study,20 one class III meta-analysis which exclusively studied point-of-care US (POCUS),11 and a small class III POCUS study 370 

within that same meta-analysis.16  A recent class III meta-analysis including 548 pediatric patients15 showed test characteristics similar to CT and 371 

MRI (sensitivity .91, specificity .95, positive LR 18, negative LR 0.09).   372 

 Only 2 class III studies reported results on US for suspected acute appendicitis in adults.15,16  Both had reasonably strong specificities 373 

(92%,16 95%15) and positive LRs (7.2,16 1715), comparable to CT and MRI.  Neither had comparable sensitivity (Table 2) to CT or MRI (Table 1).  374 

The dearth of adult studies prevents strong recommendations regarding US in this patient population, but the two class III studies available would 375 

at least suggest a positive ultrasound in adults may be similarly interpreted to a positive result in children. 376 

 377 

 378 

Table 2 - Ultrasound for Appendicitis Diagnosis 379 

Study Class Prevalence 

(n total) 

 

Non-

Diagnostic 

US % 

How Were Non-Diagnostic (ND) 

Exams Considered? 

Sensitivity 

(%) 

Specificity 

(%) 

LR Positive LR Negative 

Pediatric Ultrasound 

Orth 201424 II 37% (81) NR Non-visualized, inflammation present 

= Positive 

No inflammation, partial or no 

visualization = Negative  

86 (69-96) 100 (93-

100) 
∞ (5.6-∞) 0.14 (0.07-0.35) 

Thieme 201420 II 54% (104) 42% ND = Negative 76 (63-86) 89 (76-96) 6.9 (3.1-16) 0.27 (0.17-0.43) 

Abo 201122 III 37% (147) 81% ND = Negative 38 (26-52) 97 (90-99) 11.7 (3.7-37.0) 0.64 (0.52-0.79) 
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Benabbas 

201711 

Fox 200816 

Sivitz 201418 

III 

   III 

   III 

 

35% (461) 

54% (42) 

33% (264) 

 

NR 

NR 

30% 

 

- 3 studies: ND = Negative 

- 1 study: ND = Positive or Negative 

based on Likert scale 1-5 of how well 

visualized the appendix was.  

86 (79-91) 

74 (52-90) 

85 (75-95) 

91 (87-94) 

90 (81-95) 

93 (85-100) 

 

9.2 (6.4-13.3) 

4.7 (1.6-13.6) 

11.7 (6.9-19.8) 

0.17 (0.09-0.30) 

0.31 (0.15-0.63) 

0.16 (0.10-0.27) 

Eng 201815 III 27% (548) NR NR 91 (84-96) 95 (92-97) 18 (12-28) 0.09 (0.06-0.16) 

Mittal 201325 

ND Excluded 

III 33% (968) 

NR (469) 

52% 

NA 

ND = negative (primary analysis) 

ND = excluded (secondary analysis) 

73 (59-86) 

98 (95-100) 

97 (96-98) 

92 (87-97) 

24.5 (15.6-38.3) 

11.8 (NR) 

0.28 (0.24-0.34) 

0.02 (NR) 

Schuh 201519 

Initial US 

Second US 

III 38% (294) 

38% (294) 

43% (40) 

6% 

42% 

43% 

If initial US was ND (n=123), patient 

was observed. If clinical suspicion 

remained on reevaluation, a second 

US and surgical consultation were 

obtained (n=40), where ND = 

negative. 

97 (94-100) 

80 (71-87) 

70 (44-89) 

91 (87-95) 

95 (90-97) 

96 (76-100) 

11 (6.8-17) 

27 (12-61) 

17 (2.3-134) 

0.03 (0.01-0.09) 

0.21 (0.14-0.30) 

0.31 (0.15-0.65) 

Sola Jr 201826 III NR (766) 10% ND = negative 69 (NR) 94 (NR) 11.5 (NR) 0.33 (NR) 

van Atta 201517 

Unequivocal 

only 

 

III 

 

34% (512) 

 

55% (231) 

55%  

 

NA 

4 category results based on 

interpretation = positive vs. negative, 

and certainty = probable vs. 

unequivocal.  

87 (81-91) 

 

99 (96-100) 

94 (91-96) 

 

97 (92-99) 

15 (9.8-23) 

 

34 (11-104) 

0.14 (0.09-0.21) 

 

0.01 (0.00-0.06) 

Kaiser 200223 III 41% (600) NR ND results not allowed. Radiologist 

must report positive or negative only, 

even if confidence in diagnosis was 

low or appendix non-visualized. 

80 (75-85) 94 (91-96) 13 (8.8-20) 0.21 (0.17-0.27) 

Adult Ultrasound 

Fox 200816 III NR (83) NR ND = negative 59 (42-74) 92 (81-97) 7.2 (2.7-19.2) 0.64 (NR) 

Eng 201815 III 80% (169) NR NR 83 (70-91) 95 (92-97) 17 (3.8-72) 0.18 (0.12-0.26) 

NR = Not Reported, LR = Likelihood Ratio 380 
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Equivocal exams  381 

One of the most significant limitations of US for suspected acute appendicitis is a high rate of 382 

non-diagnostic(ND)/equivocal exams. The most common and challenging type of ND exam is when no 383 

part of the appendix is visualized by the sonographer. In other ND exams, the appendix may be only 384 

partially visualized, or described with an indeterminate impression by the responsible clinician (i.e. 385 

radiologist or, for POCUS scan, the performing physician). The rate of ND exams varied markedly 386 

between studies, likely reflecting differences in practice environment and expertise with US for acute 387 

appendicitis, ranging from 10% to 81%. Equivocal examinations present a serious challenge to the 388 

clinician as well as a point of potential confusion, since quoted diagnostic statistics for US may be 389 

calculated with different methods for reporting and summarizing non-diagnostic studies.  Diagnostic 390 

accuracy differed markedly between studies in relation to the way ND exams were included in 391 

calculations (Table 2 and Table 3), particularly sensitivity and negative LR. Multiple diagnostic 392 

strategies, which are beyond the scope of this question, are available to follow up and evaluate a non-393 

visualized exam.  394 

Table 3 - Comparison of Pediatric US Test Characteristics by Method of Counting Non-395 

Diagnostic Exams  396 

How Were Non-

Diagnostic (ND) 

Exams 

Considered? 

Number of 

Studies (Classes) 

N 

total 

 

Sensitivity Specificit

y 

LR 

Positive 

LR 

Negative 

Mean, Weighted by Study N 

ND = negative 4 Studies * 

- 3 Class III 

- 1 Class II 

2362 70% 95% 15.2 0.31 

ND Excluded 2 Studies*† 

- 2 Class III 

700 98% 94% 15.5 0.02 

Method Other Than 

Above 

5 Studies*†‡ 

- 4 Class III 

- 1 Class II 

2202 85% 93% 12.2 0.16 

Any Method 9 Studies‡ 

- 7 Class III 

- 2 Class II 

4187 78% 95% 14.4 0.23 

*Mittal 201325 reported 2 analyses: Non-diagnostic (ND) as negative, and ND exams excluded. 397 

†van Atta 201517 reported 2 analyses: Non-diagnostic (ND) as “likely positive” or “likely negative”, and 398 

ND exams excluded. 399 
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‡Studies included in Eng 201816 or Bennabas 201711 are only counted once, as part of each meta-analysis. 400 

Eng 201811 includes Schuh 2015.19 Bennabas 201711 includes Fox 200816 and Sivitz 2014.18 401 

LR = Likelihood Ratio 402 

 403 

The most common way included studies treated ND exams was to count anything other than an 404 

unequivocally positive study (a dilated appendix which is completely visualized) as a negative (4 studies, 405 

2362 patients).  In this methodology exams resulting in non-visualization of the appendix, partial 406 

visualization with or without dilation, and non-dilated appendices with secondary signs (e.g. 407 

inflammation) were counted the same as an unequivocally-negative exam (complete visualization of a 408 

non-dilated appendix without any secondary signs of acute appendicitis).  Five studies did not report how 409 

the ND were counted or utilized other methods in reporting ND results. Specificity and positive LR 410 

remained high regardless of the handling of ND exams (Table 3).  This likely reflects the fact that 411 

counting any ND exam as negative was a particularly common practice and strengthens the confidence in 412 

the value of a positive US result.   413 

 414 

US, CT, and MRI by Pretest vs. Post-test Probability 415 

When ordering an imaging test for appendicitis, providers often have some estimation of the risk 416 

for the diagnosis. Figure 1 demonstrates post-test probability for each of the 3 modalities (US, CT, MRI) 417 

at varying pretest probabilities (15%, 30%, and 50%).  For each, the study-size weighted mean sensitivity 418 

and specificity were used to calculate an average positive LR and negative LR.  US was divided into 419 

those studies reporting ND exams as negative, and those excluding ND exams.  In general, regardless of 420 

the reporting of ND exams, post-test probability after a positive US was similar to probability after 421 

positive CT or MRI, at any pretest probability.  Post-test probabilities after a negative CT or MRI, or an 422 

unequivocally-negative US, were similarly low for pretest probabilities of 15% and 30%.  At a high 423 

pretest probability of 50%, post-test probability after negative CT or MRI approaches 5%, and 2-3% by 424 

an unequivocally-negative US.  By contrast, among studies considering a ND US as “negative,” a 425 

negative result yielded a >5% post-test probability for acute appendicitis even when pretest probability 426 
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was low (15%).  Therefore independent of a clinicians pre-test probability the results of unequivocally 427 

negative US are comparable to CT or MRI.  428 

One class III study11 derived test-treatment thresholds for pediatric acute appendicitis based on 429 

published complication rates of appendectomy and risk of ionizing radiation from CT or MRI (i.e. zero in 430 

the latter). They calculated that a test with positive LR ≥ 5.8 would meet the treatment threshold for ruling 431 

in acute appendicitis without further testing, and negative LR ≤0.03 for ruling out acute appendicitis.  432 

Every class II or III US study except one16 showed a positive LR >5.8, in both adults and children.  The 433 

lone study with positive LR<5.7 was included in another class III study as part of a meta-analysis,11 for 434 

which the overall positive LR was 9.2.  Both of the US studies excluding ND exams had negative LR < 435 

0.03 (Tables 2 and 3). One additional class III US study involving a re-evaluations pathway in the case of 436 

ND exam showed a negative LR of 0.03.19  All other US studies, 3 of 5 CT studies, and 3 of 5 MRI 437 

studies had a negative LR > 0.03. 438 
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 439 

Reevaluation 440 

and serial 441 

examination 442 

after non-443 

diagnostic US 444 

Patients 445 

with non-446 

diagnostic 447 

ultrasounds may 448 

not warrant 449 

immediate CT or 450 

MRI imaging.  451 

One class III 452 

study evaluated 453 

a wait-and-454 

reassess pathway 455 

for pediatric 456 

patients with a ND US in the ED[Schuh].  Patients with a ND US (42%) were reassessed by clinical 457 

exam.  Based on clinician discretion of the reexamination, a majority of remaining patients were 458 

discharged from the ED (73/123), while those with ongoing clinical suspicion for acute appendicitis 459 

received a surgical consult. Among the latter group, 80% received a second US at a mean of 9.2 hours 460 

after the initial scan.  The overall pathway had excellent negative and positive predictive value 461 

Figure 1 - Fagan 

nomograms for various 

acute appendicitis imaging 

strategies at low (15%), 

moderate (30%), and high 

pretest probability 
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comparable to CT and MRI (Sensitivity. 97, specificity .91, positive LR 11, negative LR 0.03) without 462 

requiring either. Notably, the pathway had far superior performance to either US alone when ND exams 463 

were considered as negative.  This study suggests that observation, consultation, and reassessment may be 464 

reasonable alternatives to immediate CT or MRI in the case of a ND initial US. 465 

Summary 466 

US is useful for ruling in acute appendicitis, and when positive is typically the only test needed 467 

prior to surgical consultation.  This fact, along with its lack of ionizing radiation, as well as likely broader 468 

availability for most emergency providers compared to MRI, should make it the initial first test of choice 469 

for pediatric patients. While its role in adults is less clear, it may be a reasonable first test in select 470 

situations given a similarly high positive predictive value. The greatest limitation of US is a large amount 471 

of ND results, the rate of which varies widely between studies and settings.  Negative predictive 472 

performance of US varies far more than MRI or CT but in pediatric patients, this variation in performance 473 

appears closely related with whether or not ND exams are counted as negative or excluded. An 474 

unequivocal negative US (visualization of a compressible tubular structure from tip to cecum <6 mm in 475 

diameter without secondary signs of inflammation) in a pediatric patient may be comparable to a negative 476 

CT or MRI based on low certainty of evidence (3 class III studies).  For non-diagnostic US exams in 477 

children, a strategy of watchful waiting including clinical reevaluation, surgical consultation, hospital 478 

observation, and/or serial US exam may be a reasonable alternative to immediate MRI or CT.  Shared 479 

decision making of the relative risks and benefit is, as well as an assessment of local resources (e.g. rapid 480 

MRI availability), is likely reasonable to guide such a decision. 481 

 482 

Future Research 483 

Future research should focus on reducing the rate of equivocal US examinations, increasing inter-484 

operator reliability, standardization of result reporting for both radiology performed US and POCUS, and 485 

further examination of specific decision pathways integrating US that may enhance diagnostic 486 

performance and decrease the need for CT and/or MRI.  To the latter point, further elaboration of the 487 
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utility of serial examination, observation, combination with clinical decision tools, and/or serial US 488 

testing could be significantly useful to provide stronger evidence to inform shared decision making with 489 

equivocal US scans.  Additional high-quality literature addressing the role of US in adult patients is likely 490 

to be beneficial as well.   491 

 492 

3. In emergency department patients who are undergoing CT of the abdomen and pelvis for 493 

suspected acute appendicitis, does the addition of contrast improve diagnostic accuracy? 494 

 495 

Patient Management Recommendations 496 

 497 

Level A recommendations. 498 

Level B recommendations. In adult and pediatric ED patients undergoing CT for suspected acute 499 

appendicitis, use IV contrast when feasible. The addition of oral or rectal contrast does not improve 500 

diagnostic accuracy.  501 

Level C recommendations. In adult ED patients undergoing CT for suspected acute appendicitis, 502 

non-contrast CT scans may be used for the evaluation of acute appendicitis with minimal reduction in 503 

sensitivity. 504 

Potential Benefit of Implementing the Recommendations: 505 

• The use of Intravenous contrast alone when obtaining a CT for patients with suspected 506 

appendicitis will result in sufficient diagnostic accuracy and improved ED throughput. 507 

Potential Harm of Implementing the Recommendations: (Sokolove, Dierks) 508 

• The use of IV contrast is dependent upon adequate IV access. This may result in 509 

additional discomfort to patients.  In addition, there is a small risk of anaphylactoid 510 

reaction when using IV contrast.  511 

• Use of non-contrast CT scans may result in additional imaging if patients present again 512 

with recurrent symptoms. 513 

 514 

Key words/phrases for literature searches:  515 

Appendicitis, Ruptured Appendicitis, Perforated Appendicitis, Diagnosis, Diagnostic accuracy, accuracy, 516 

Computer Assisted Tomography, X-Ray Computed Tomography, CT Scans, Contrast Media, Contrast 517 

Agent, Contrast Materials, Radiocontrast Media, Radiocontrast Agent, Radiopaque media, IV Contrast, 518 

intravenous contrast, oral contrast, rectal contrast , emergency, emergency health service, hospital 519 

emergency service, emergency ward, emergency medicine, emergency care, emergency treatment, 520 

emergency department, emergency room, emergency service, emergency services, and variations and 521 

combinations of the key words/phrases. Searches included January 2009 to search dates of May 10-11, 522 

2020. 523 

 524 

 525 
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Study Selection: Two hundred and twenty articles were identified in searches. Nine articles were selected 526 

from the search results as potentially addressing this question and were candidates for further review. 527 

After grading for methodological rigor with zero Class I studies, 1 Class II study, and 8 Class III studies 528 

included for this critical question.  529 

 530 

Summary  531 

CT imaging is frequently used when evaluating patients with suspected appendicitis. Review of 532 

the literature notes similar diagnostic accuracy of CT imaging for appendicitis for both adult and pediatric 533 

patients who receive IV or IV and oral contrast.  In adult patients in whom the CT is performed without 534 

IV contrast, should be considered comparable to CT with IV contrast alone.  535 

 536 

Background 537 

Computed tomography of the abdomen and pelvis (CTAP) imaging is frequently used to in the 538 

evaluation of patients with suspected appendicitis. Radiology protocols for CTAP often include the use of 539 

enteric or intravenous (IV) contrast. There is still debate regarding the diagnostic advantage of using 540 

contrast. The previously published clinical policy on the evaluation and management of patients with 541 

suspected appendicitis, summarized the potential benefit of enteric contrast which includes better 542 

differentiation of the appendix from surrounding structures, in particularly in those patients with low body 543 

mass. In addition, this prior policy suggested that IV and enteric contrast help identify conditions other 544 

than appendicitis that may result in abdominal pain.5 However, over the last decade, there have been 545 

significant advancements in CT imaging technology (e.g., increased use of multi-row detector CT and 546 

reduced slice width) resulting in improved image quality. This may impact the diagnostic advantage of 547 

enteric of IV contrast previously identified. The 2018 American College of Radiology Appropriateness 548 

Criteria for adult and children27 reports that CT abdomen and pelvis with IV contrast or without IV 549 

contrast may both be appropriate, further highlighting the uncertainty in this area. However, this 550 
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document does not comment on the use of enteric contrast.27 With this critical question, we set out to 551 

review the recent literature on the role of contrast in the evaluation for appendicitis. 552 

In 2012, a Class II study by Kepner et al,28 227 adult patients were randomized to receive IV 553 

contrast or oral contrast. Imaging was done using a now somewhat older generation 16-slice scanner. The 554 

diagnosis of appendicitis was based on a combination of CT findings and clinical follow-up. If patients 555 

were admitted or had appendicitis, they had follow-up through electronic medical record review. The 556 

discharge patients were followed by phone call. A total of 80 patients has a CT diagnosis of appendicitis.  557 

The authors report that for IV contrast alone the sensitivity was 100% (95% CI 89.3-100) and specificity 558 

was 98.6 (95% CI 91.6-99) resulting in a positive LR of 72 (CI 10.3-504) and negative LR 0.00. For IV 559 

and oral contrast the sensitivity was 100% (95% CI 87.4-100), specificity 94.9 (95% CI 86.9-98.4), 560 

positive LR of 25 (95%CI 8.24-75.8).  There was no statistically significant difference between the use of 561 

IV and IV with oral contrast leading the authors to report that there was similar diagnostic performance.  562 

One difference that was noted, however, was that patients receiving IV contrast alone were discharged 563 

faster. Two other Class III studies directly evaluated the role of contrast. Anderson et al,29 using a 64-slice 564 

MDCT on a convenience sample of 303 adult patients, and Keyzer et al,30 using a 4 slide MDCT in 131 565 

adult patients. Both studies showed not difference in diagnostic accuracy, with the former demonstrating a 566 

positive LR of 34 (CI 13.04-89.9) and negative LR 0.00 for IV and positive LR 35 (95%CI 13.3-91.9) 567 

with negative LR 0.00 for IV and oral contrast. In another Class III study by Jacobs et al,31 228 patients 568 

with suspected appendicitis underwent both a focused CT of the right lower quadrant with oral contrast 569 

and a CT with both oral and IV contrast. They reported that the sensitivity of oral contrast was 0.76 and 570 

specificity 0.94 and for both the oral and IV contrast the sensitivity was 0.91 and specificity 0.95. Specific 571 

to pediatric patients, a 2018 Class III study by Farrell et al32 retrospectively compared pediatric cohorts 572 

receiving IV contrast alone versus oral contrast. A total of 558 64-MDCT scans met inclusion criteria. 573 

Appendicitis was diagnosed in 22.4% of patients. The authors reported similar sensitivities of 93.8% 574 

(95%CI 84.8-98.3) and 94.6% (95% CI 84.9-98.9) and specificities of 98.5% (%CI 95.8-99.7) and 98.3% 575 

(95% CI 95.7-99.5) regardless of the administration of oral contrast.   576 
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A search of the medical literature identified 2 Class III meta-analyses and 2 Class III studies that 577 

addressed the use of rectal contrast or non-contrast CT diagnostic accuracy. A Class III meta-analysis by 578 

Hlibczuk et al33 included 7 studies with adult patients who had non-contrast CT for the evaluation of 579 

appendicitis. He reported a pooled sensitivity of 92.7% (95% CI 89.5-95%) and specificity of 96.1% 580 

(95% CI 94.2-97.5%). In another Class III meta-analysis, Rud et al34 reported the pooled sensitivities for 581 

unenhanced CT 91% (95% CI 87-93%), oral contrast only 89% (95% CI 81-94%), IV contrast 96% (95% 582 

CI 92-98), IV with oral contrast 96% (95% CI 93-98), and rectal contrast 96% (95% CI 92-98). There 583 

were no differences in pooled specificity estimates.  Both of these meta-analyses included studies that 584 

were low quality, included high risk of bias, and had high prevalence of appendicitis. In a Class III study, 585 

Seo et al35 reported no difference in the sensitivity and specificity between low radiation dose non-586 

contrast CT and standard radiation dose IV contrast CT in a 200-patient study. This study is limited by the 587 

confounder of different radiation doses.  Chiu et al36 evaluated the sensitivity of non-contrast CT to IV 588 

contrast CT in 100 patients with suspected appendicitis. In this cohort, with 44/100 patients diagnosed 589 

with appendicitis, he reported non-contrast CT had a lower sensitivity than IV contrast CT (91% versus 590 

100%, p=0.04), and greater specificity (100% versus 95%, p=0.04) for the diagnosis of appendicitis.  In 591 

Class X study by Hershko et al,37 232 adult patients with suspected appendicitis were randomized to 592 

receive a non-contrast, rectal contrast, or dual contrast (oral and IV). The noted positive LR of  8.9, 12.3, 593 

8.2 and negative LR of 0.1, 0.05, and 0.0 in no contrast, rectal contrast, and dual contrast CTs 594 

respectively. In another Class X study by Ozdemir et al,38 293 patients >16 yo with abdominal pain 595 

underwent non-contrast enhanced imaging using a 16-MDCT. They noted a sensitivity of 70.1% and 596 

specificity of 76.0% for a correct diagnosis in a non-contrast CT. It is important to note that the non-597 

contrast studies have included only adult patients.  598 

Future Research  599 

Studies that look at the diagnostic accuracy of the non-contrast CT stratified by BMI would 600 

further clarify the need for contrast in patients presenting with suspected appendicitis. 601 

  602 
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Appendix A. Literature classification schema.* 733 

 
Design/ 

Class 

 

Therapy† 

 

Diagnosis‡ 

 

Prognosis§ 

 

1 

 
Randomized, controlled trial or 

meta-analysis of randomized 

trials 

 
Prospective cohort using 

a criterion standard or 

meta-analysis of 

prospective studies 

 
Population prospective 

cohort or meta-analysis 

of prospective studies 

 

2 

 
Nonrandomized trial  

 
Retrospective 

observational 

 
Retrospective cohort 

Case control 
 

3 

 
 

Case series 

 

 
 

Case series 

 

 
 

Case series 

 

*Some designs (eg, surveys) will not fit this schema and should be assessed individually. 734 
†Objective is to measure therapeutic efficacy comparing interventions. 735 
‡Objective is to determine the sensitivity and specificity of diagnostic tests. 736 
§Objective is to predict outcome, including mortality and morbidity. 737 

 738 

Appendix B. Approach to downgrading strength of evidence. 739 

_______________________________________________________ 740 

 741 

    Design/Class 742 

   _______________________________ 743 

Downgrading  1  2  3 744 

 745 

None   I  II  III 746 

1 level   II  III  X 747 

2 levels   III  X  X 748 

Fatally flawed  X  X  X 749 

 ____________________________________________________________________________________ 750 

 751 

Appendix C. Likelihood ratios and number needed to treat.* 752 

  753 

LR (+) LR (-)  

1.0 1.0 Does not change pretest probability 

1-5 0.5-1 Minimally changes pretest probability 

10 0.1 May be diagnostic if the result is concordant with 

pretest probability 

20 0.05 Usually diagnostic 

100 0.01 Almost always diagnostic even in the setting of low 

or high pretest probability 

 LR, likelihood ratio. 754 

 *Number needed to treat (NNT): number of patients who need to be treated to achieve 1  755 

additional good outcome; NNT=1/absolute risk reduction×100, where absolute risk reduction is the 756 

risk difference between 2 event rates (ie, experimental and control groups). 757 
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 758 

 759 
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Evidentiary Table. 761 

Study & Year 

Published 

Class of 

Evidence 

Setting & Study 

Design 

Methods & Outcome 

Measures 

Results Limitations & 

Comments 

Gonzalez Del 

Castillo et al 

(2016)7 

III for Q1 Prospective cohort 

study at 4 academic 

medical centers in 

Spain from June to 

December 2014 

Pediatric patients (2-20 years 

of age) with suspected 

appendicitis and abdominal 

pain < 72 hours; study 

investigators recorded 

Alvarado Score elements 

blinded to diagnosis, but not 

imaging results; criterion 

standard was surgical 

pathology and telephone 

follow-up at two weeks 

N = 321 with prevalence of 

appendicitis 111/321 (35%); 

Alvarado Score > 4 had 

sensitivity 0.92 (95% CI 

0.85-0.96) specificity 0.45 

(95% CI 0.38-0.52), positive 

LR 1.7 (95% CI 1.5-1.9), 

and negative LR 0.2 (95% 

CI 0.1-0.3); Alvarado Score 

> 6 had sensitivity 0.76 

(95% CI 0.66-0.83) 

specificity 0.73 (95% CI 

0.66-0.79), positive LR 2.8 

(95% CI 2.2-3.6), negative 

LR 0.3 (95% CI 0.2-0.5) 

All patients had 

appendectomy or 

telephone follow-up  

 

 

 

Saucier et al 

(2014)8 

III for Q1 Prospective cohort 

study at a single 

academic urban 

hospital 

 

Pediatric (3-17 years of age) 

with suspected appendicitis;  

Pediatric Appendicitis Score 

calculated by treating provider 

and incorporated into clinical 

pathway; Criterion standard 

was surgical pathology and 

one-day telephone follow-up 

N = 196 patients with 

appendicitis prevalence of 

33%; PPV for appendicitis 

by risk category: low risk 

(PAS 1-3) group 0 of 44 

(0.0%), intermediate (PAS 

4-7) risk 37 of 119 (31.1%), 

high (PAS 8-10) risk 28 of 

33 (84.8%); Negative 

predictive value is zero; 

AUC  0.86 for PAS (95% CI 

0.81–0.91); PAS ≥ 6 had 

sensitivity 0.82 (95% CI 

0.70-0.90) and specificity 

0.71 (95% CI 0.62-0.79) 

PAS guided imaging and 

consultation decisions, 

which may cause workup 

bias; limited telephone 

follow-up 
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Fleischman et 

al 

(2013)9 

III for Q1 Prospective cohort in 

a single academic 

center 

 

 

 

Children (3-18 years of age) 

with suspected appendicitis; 

patients categorized as low, 

intermediate or high risk 

according to previously derived 

score; physician judgement 

stratified patients as very low, 

low, intermediate, or high risk; 

criterion standard was surgical 

pathology, chart review, and 

two-week telephone follow-up 

 

 

N = 178 patients with 

appendicitis prevalence of 

37%; classification as 

intermediate or high risk by 

score had sensitivity 0.97 

(95% CI 88-100),  

specificity 0.41 (95% CI 0. 

31-0.50), positive LR 1.6 

(95% CI 1.4-1.9), negative 

LR 0.06 (95% CI 0.02-0.30); 

classification as intermediate 

or high risk by physician 

judgment: sensitivity 1.0, 

specificity 0.50 (95% CI not 

provided) 

Small sample size 

Mandeville et al 

(2011)10 

 

III for Q1 Prospective cohort; 

single center, urban, 

academic center 

 

 

Children (4-17 years of age) 

with suspected appendicitis; 

Alvarado and Pediatric 

Appendicitis Scores recorded 

by treating physicians; 63% 

patients had scores recorded by 

2 providers; Criterion standard 

was surgical pathology, chart 

review, and two-week 

telephone follow-up 

 

N = 287 with appendicitis 

prevalence of 54%; Cohen’s 

kappa coefficients for 

interrater reliability were 

0.67 for Alvarado and 0.59 

for PAS; PAS ≥ 6 had 

sensitivity 0.88 (95% CI 

0.83-0.93) and specificity 

0.50 (95% CI 0.42-0.59). 

AUC 0.78 (95% CI 0.72-

0.83); Alvarado score ≥ 7 

had sensitivity 0.76 (95% CI 

0.69-0.82) and specificity 

0.72 (95% CI 0.65-0.80);  

AUC 0.77 (95% CI 0.72-

0.83) 

High prevalence of 

appendicitis may result in 

spectrum bias 

Abo et al 

(2011)22 

III for Q2 Prospective cohort; 

single center, urban, 

academic center 

 

 

Children (2-20 years) with 

suspected appendicitis;    

US and CT at discretion of 

treating providers; 

N = 176 with appendicitis 

prevalence of 42%; 147 

patients had US, 128 had 

CT, and 99 had both.  

 

Imaging interpretation not 

blinded to clinical data; 

CT generally used as 

second-line test 

 



 

32 

 

interpretation by treating 

radiologist; 

appendicitis diagnosis 

determined by surgical 

pathology, chart review and 1-

week phone follow-up 

 

 

If non-diagnostic US was 

categorized as negative, US 

sensitivity 0.38 (95% CI 

0.26-0.52), specificity 0.97 

(95% CI 0.90-0.99), positive 

LR 11.7 (95% CI 3.7-37), 

negative LR 0.64 (95% CI 

0.52-0.79); CT sensitivity 

0.96 (95% CI 0.86-0.99), 

specificity 0.97 (95% CI 

0.90-1.0), positive LR 35 

(95% CI 9-138), negative 

LR 0.04 (95% CI 0.01-0.15) 

Benabbas et al 

(2017)11 

III for Q2 Meta-analysis of 

prospective studies 

Included studies of pediatric 

(<21 years) ED patients with 

suspected appendicitis; 

Random effects models to 

estimate pooled test 

characteristics 

ED POCUS (N=4 studies): 

Pooled sensitivity 0.86 (95% 

CI 0.79–0.91), specificity 

0.91 (95% CI 0.87–0.94), 

positive LR 9.2 (95% CI 

6.4–13), negative LR 0.17 

(95% CI 0.09–0.30) 

Most studies at high risk 

of differential 

verification bias 

Eng et al 

(2018)15 

 

III for Q2 Meta-analysis of 

prospective and 

retrospective studies 

Included studies of second-line 

US, CT, or MR in pediatric and 

adult patients who had an initial 

non-diagnostic ultrasound; 

quality assessed by three 

investigators; separate fixed 

effect models were used to 

estimate pooled sensitivity and 

specificity in pediatric and 

adult populations  

37 studies were included; 9 

studies and evaluated 

ultrasound, 30 studies 

evaluated CT, and 11 studies 

evaluated MR 

Pediatric US: sensitivity 

0.91 (95% CI: 0.84-0.96), 

specificity 0.95 (95% CI 

0.92-0.97); Adult US: 

sensitivity 0.83 (95% CI: 

0.70-0.91), specificity 0.91 

(95% CI 0.59-0.99); 

Pediatric CT: sensitivity 

0.96 (95% CI: 0.93-0.98), 

specificity 0.95 (95% CI 

0.93-0.96);  

Unclear how these results 

apply to first-line imaging 

choice.  
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Adult CT: sensitivity 0.90 

(95% CI: 0.85-0.93), 

specificity 0.94 (95% CI 

0.91-0.95). 

Pediatric MR: sensitivity 

0.97 (95% CI: 0.86-1.0%), 

specificity 0.97 (95% CI 

0.92-0.99%). 

Adult MR: sensitivity 0.90 

(95% CI: 0.85-0.94), 

specificity 0.94 (95% CI 

0.91-0.96). 

Mittal et al 

(2013)25 

 

III for Q2 Retrospective cohort 

study of multicenter, 

academic center 

 

 

Children (3-18 years) with 

suspected appendicitis  

 

US ordered at discretion of 

treating provider and 

interpreted by treating 

radiologist.  

 

Appendicitis diagnosis 

determined by surgical 

pathology, chart review and 2-

week phone follow-up.   

N = 2635 with appendicitis 

prevalence of 39%. 

 

US performed in 965 

(36.8%) patients. 

 

Sensitivity 0.73 (95% CI 

0.59-0.86%), specificity 0.97 

(95% CI 0.96-0.98), positive 

LR 25 (95% CI 16- 38), 

negative LR 0.28 (95% CI 

0.24-0.34) 

Attrition not reported.  

Abstraction of US report 

was not blinded to patient 

outcome.   

Orth et al 

(2014)24 

 

II for Q2 Prospective cohort 

study in single 

academic center 

 

 

Pediatric (3- 17 years) patients 

with suspected appendicitis and 

US ordered; All patients had 

US and MR.  US and MR 

interpretations were blinded to 

one another and clinical 

outcome.  

 

Appendicitis diagnosis 

determined by surgical 

pathology, chart review, and 

phone follow-up 

N = 81 with appendicitis 

prevalence of 37%. 

 

US sensitivity 0.86 (95% CI 

0.69-0.96), specificity 1.0 

(95% CI 0.93-1.0). 

 

MR sensitivity 0.93 (95% CI 

0.78-0.99), specificity 0.94 

(95% CI 0.84-0.99). 

Small sample size. All 

patients received US and 

MR. 
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Repplinger et al 

(2018)21 

 

 

III for Q2 Prospective cohort 

study in single 

academic center 

 

 

Pediatric (> 12 years) and adult 

patients with suspected 

appendicitis and CT ordered; 

All patients had CT with 

IV/oral contrast and MR; CT 

and MR interpreted on 5-point 

scale for likelihood of 

appendicitis by three 

fellowship-trained abdominal 

radiologists blinded to clinical 

data; Appendicitis diagnosis 

determined by surgical 

pathology, chart review, and 

one-month phone follow-up  

N = 198. Appendicitis 

prevalence was 32%.  

 

For likelihood of 

appendicitis categorized as 

possible to definite, 

sensitivity and specificity 

were 0.97 (95% CI 0.88-

0.99) and 0.81 (95% CI 

0.74-0.87) for MR imaging 

and 0.98 (95% CI 0.90-1.0) 

and 0.90 (95% CI 0.83-0.94) 

for CT, respectively. 

 

Positive LR 5.2 (95% CI 

3.7-7.7) and Negative LR 

0.04 (95% CI 0-0.11) for 

MR 

 

Positive LR 9.4 (95% CI 

5.9-16) and negative LR 

0.02 (95% CI 0.00-0.06) for 

CT. 

1224 of 1551 eligible 

patients were not included.  

 

 

Schuh et al 

(2015)19 

III for Q2 Prospective cohort 

study in single 

academic center 

 

Pediatric (4-17 years) patients 

with suspected appendicitis, 

baseline pediatric appendicitis 

score ≥2, and need for imaging 

according to treating clinician; 

All patients received initial US. 

If initial US was equivocal, an 

additional interval US was 

performed at discretion of 

providers; appendicitis 

diagnosis determined by 

surgical pathology, chart 

N=294 with appendicitis 

prevalence of 38%. 294 had 

initial US and 40 had 

interval US. 

 

Initial US had sensitivity 

0.80 (95% CI 0.71-0.87), 

specificity 0.95 (95% CI 

0.90-0.97), and 0.42 (95% 

CI 0.36-0.48) equivocal rate. 

 

Interval US had sensitivity 

0.70 (95% CI 0.44-0.89), 
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review, and 1-month phone 

follow-up 

specificity 0.96 (95% CI 

0.76-1.0), and 0.43 (95% CI 

0.27-0.59) equivocal rate. 

Sola et al 

(2018)26 

III for Q2 Prospective cohort 

study in single 

academic center 

Patients at a pediatric ED with 

suspected appendicitis; use of 

US guided by Alvarado score; 

appendicitis diagnosis 

determined by surgical 

pathology, chart review, and 1-

week phone follow-up 

 

N=840 with appendicitis 

prevalence 28%. 766 had 

US; US sensitivity 0.69 and 

specificity 0.94. 

Possible spectrum bias 

because use of US 

depended stratified by 

Alvarado score; 

confidence intervals (or 

raw data) for sensitivity 

and specificity were not 

provided. 

Thieme et al 

(2014)20 

II for Q2 Prospective cohort 

study in single 

academic center 

Pediatric (4-18 years) ED 

patients with suspected 

appendicitis; patients received 

US and MR within 2h; 

appendicitis diagnosis by 

review of hospital and 

outpatient medical records 

N = 104 with appendicitis 

prevalence 56%. 

 

US sensitivity 0.76 (95% CI 

0.63-0.86), specificity 0.89 

(95% CI 0.76-0.96). 

 

MR sensitivity 1.0 (95% CI 

0.92-1.0), specificity 0.89 

(95% CI 0.76-0.96). 

Small study with high 

prevalence of appendicitis. 

van Atta et al 

(2015)17 

 

III for Q2 Prospective cohort 

study in single urban, 

academic center 

Patients at a pediatric ED with 

suspected appendicitis; patients 

received US as first-line 

imaging; appendicitis diagnosis 

by review of hospital records.  

No telephone follow up. 

N = 512 with appendicitis 

prevalence 34%; US 

sensitivity 0.86 (95% CI 

0.81-0.91), specificity 0.94 

(95% CI 0.91-0.96). 

 

No active follow-up of 

patients who did not have 

surgery 

Fox et al 

(2008)16 

III for Q2 Prospective cohort 

study in single 

academic center 

Patients (adult and pediatric) 

with suspected appendicitis and 

imaging (radiologist US or CT) 

ordered; bedside US performed 

by a study emergency 

physician but did not influence 

care; appendicitis diagnosis 

determined by surgical 

pathology, chart review and 

N = 132 with appendicitis 

prevalence 44%. 

US sensitivity 0.65 (95% CI 

0.52-0.76), specificity 0.90 

(95% CI 0.81-0.95). 

 

Treating providers and 

radiologists blinded to 

bedside US result. 
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phone follow-up 2 weeks – 3 

months. 

Kaiser et al 

(2002)23 

III for Q2 Prospective 

randomized clinical 

trial in single 

academic center 

Patients at pediatric ED 

randomized to US v. US and 

CT; in US and CT arm, US 

performed first; appendicitis 

diagnosis determined by 

surgical pathology, chart 

review and 6-month 

questionaire 

 

N = 600 with appendicitis 

prevalence 41% 

 

283 patients in US only arm 

and 317 in US and CT arm.  

Total number who had US 

was 600.  

 

US sensitivity 0.80 (95% CI 

0.75-0.85), specificity 0.94 

(95% CI 0.91-0.96). 

 

CT sensitivity 0.94 (95% CI 

0.91-0.96), specificity 0.97 

(95% CI 0.92-0.99). 

Results biased in favor of 

CT, because radiologist 

who interpreted CT was 

not blinded to US result. 

Sivitz et al 

(2014)18 

III for Q2 Prospective cohort 

study in single 

academic center 

Pediatric patients with 

suspected appendicitis; US 

performed by pediatric 

emergency medicine 

physicians; appendicitis 

diagnosis determined by 

surgical pathology, chart 

review and phone follow-up 

 

N = 254. Among 231 

analyzed patients, 

prevalence of appendicitis 

was 33%.  

 

287 ultrasound examinations 

performed in 254 patients. 

 

Sensitivity 0.85 (95% 

CI 0.75-0.95), specificity 

0.93 (95% CI 0.85-1.0), 

positive LR 11.7 (95% CI  

6.9-20), negative LR 0.16 

(95% CI 0.1-0.27). 

9% patients lost to follow-

up.  Some patients 

received more than one 

ultrasound. 

Chiu et al 

(2013)36 

III for Q3 Retrospective cohort 

study in single 

academic center 

 

 

Adult patients with suspected 

appendicitis received CTs both 

with and without IV contrast. 

Patients who received oral 

contrast were excluded; CTs 

N=100 with appendicitis 

prevalence of 44%. 

 

Non-contrast CT had lower  

sensitivity than contrast CT 

Convenience sample with 

relatively high prevalence 

of appendicitis could result 

in spectrum bias. 
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interpretated by two study 

radiologists blinded to clinical 

data and original interpretation; 

diagnosis of appendicitis by 

pathology and 6-month chart 

review 

(91% v. 100%, p=0.04) and 

greater specificity (100% v 

95%, p=0.04) 

Anderson et al 

(2009)29 

 

III for Q3 Randomized 

controlled trial in 

single academic 

center 

 

 

Adults with acute abdominal 

pain randomized to CT with 

oral and IV contrast v. CT with 

IV contrast and no oral 

contrast; 2 study radiologists 

interpreted each CT with  

radiologist confidence 

measured by likelihood of 

appendicitis on 5-point scale; 

diagnosis of appendicitis by 

chart review 

N = 303 with appendicitis 

prevalence of 9%.  

 

No significant difference in 

distributions of radiologist 

confidence between the two 

groups.   Confidence not 

associated with BMI or 

intra-abdominal fat. 

 

 

Study did not assess 

differences in sensitivity 

and specificity with the 

addition of oral contrast.  

Kepner et al 

(2012)28 

 

II for Q3 Randomized 

controlled trial in 

single academic 

center 

 

 

Adults with suspected 

appendicitis randomized to CT 

with oral and IV contrast v. CT 

with IV contrast and no oral 

contrast; interpretation by 2 

independent study radiologists 

blinded to original 

interpretation and clinical data; 

diagnosis of appendicitis by 

pathology, chart review and 

telephone follow-up 

N = 227 with appendicitis 

prevalence of 35%; 

interpretation was discrepant 

for 6 patients in each group; 

IV contrast: sensitivity 100% 

(95% CI 89-100%), 

specificity 99% (95% CI 92-

100%); IV and oral contrast: 

sensitivity 100% (95% CI 

87-100%), specificity 95% 

(95% CI 87-98%) 

CTs were interpretated 

study radiologists.   

 

Contemporaneous CT 

interpretation influenced 

clinical management and 

outcome assessment 

(workup bias)  

 

16-slice CT scanner. 

Keyzer et al 

(2009)30 

 

III for Q3 Randomized 

controlled trial in 

single academic 

center 

 

 

Adults with suspected 

appendicitis. All patients had 

CTs with and without IV 

contrast; Arms: oral contrast 

and no oral contrast; 2 study 

radiologists, blinded to clinical 

data, interpretated 4 CTs for 

each patient: CT oral contrast, 

N = 131 with appendicitis 

prevalence of 25% (20/66 in 

oral contrast group and 

13/65 in no oral contrast 

group); sensitivity and 

specificity were not 

significantly different for 

CTs were interpretated 

study radiologists.  Small 

sample size. 

 

Contemporaneous CT 

interpretation influenced 

clinical management and 
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CT oral and IV contrast, CT no 

oral/no IV contrast, CT no 

oral/IV contrast; diagnosis of 

appendicitis by pathology, 

chart review and telephone 

follow-up 

either radiologist comparing 

4 types of CT scans. 

 

 

outcome assessment 

(workup bias)  

 

4-slice CT scanner. 

Seo et al 

(2009)35 

 

III for Q3 Retrospective cohort  

in single academic 

center 

 

 

Adult (≥15 years) patients with 

suspected appendicitis received 

low radiation dose , noncontrast 

CT and standard radiation dose, 

IV contrast CT; interpretation 

by 2 independent study 

radiologists blinded to original 

interpretation and clinical data; 

surgical pathology, chart 

review and telephone follow-up 

N = 207 with appendicitis 

prevalence 34%; sensitivity 

and specificity were not 

significantly different for 

either radiologist comparing 

2 types of CT scans. 

 

Small sample size.  

 

Unable to separate 

potential effects of 

radiation dose and IV 

contrast. 

Hlibczuk et al 

(2010)33 

 

III for Q3 Meta-analysis of 

prospective and 

retrospective studies 

Included studies of non-

contrast CT for evaluation of 

appendicitis in adult (≥16 

years), ED patients with at least 

two weeks follow-up 

 

Random effects model to 

estimate pooled sensitivity and 

specificity 

N = 7 studies 

 

Pooled sensitivity was 

92.7% (95% CI 89.5-95.0%) 

and specificity was 96.1% 

(95% CI 94.2-97.5%) 

 

Rud et al 

(2019)34 

III for Q3 Meta-analysis of 

prospective and 

retrospective studies 

Included ED and non-ED based 

studies of CT for evaluation of 

appendicitis in adult (≥14 

years) patients; random effects 

model to estimate pooled 

sensitivity and specificity for 

different types of contrast (oral, 

rectal and IV)  

N = 64 studies included with 

median appendicitis 

prevalence of 0.43; 

Pooled sensitivity estimates: 

unenhanced CT 91% (95% 

CI 87-93%), oral contrast 

only 89% (95% CI 81-94%), 

IV contrast 96% (95% CI 

92-98), IV and oral contrast 

96% (95% CI 93-98), rectal 

contrast (95% CI 92-98). 

Only 2/64 studies were 

assessed as low risk of 

bias in all four domains; 

relatively high prevalence 

of appendicitis; no study 

was considered high 

quality with differential 

verification a common 

threat to bias. 
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Pooled specificity estimates 

were similar for different 

types of contrast, with point 

estimates ranging from 93-

95%. 

 

Farrell et al 

(2018)32 

III for Q3 Retrospective cohort 

study in single urban, 

academic center  

 

Pediatric (0–17 years) ED 

patients with acute, non-

traumatic abdominal pain who 

received CT with IV contrast.  

CT protocol changed from 

addition of oral contrast to non-

contrast halfway during study 

period; surgical pathology and  

chart review for follow-up 

 

 

N = 588 with appendicitis 

prevalence 22%.  270 

patients in oral contrast 

group and 288 in non-

contrast group; oral contrast 

(N=270):  sensitivity  

0.94 (95% CI 0.85–0.98) and 

specificity 0.99 (95% CI 

0.96–1.0); non-contrast 

(N=288): sensitivity 0.95 

(95% CI 0.85–0.99) and 

specificity 0.98 (95% CI 

0.96-1.0).   

No active follow-up and 

attrition not reported.   

Jacobs et al 

(2001)31 

III for Q3 Prospective cohort 

study in single urban, 

academic center 

 

 

Patients with RLQ pain and 

suspected appendicitis with CT 

ordered; all patients received 2 

CT scans: (1) Focused (over 

RLQ) CT with oral contrast and 

(2) CT abdomen with oral and 

IV contrast; both CTs per 

patient were interpretated by 3 

study radiologists blinded to 

clinical data; diagnoses were 

established by surgical and/or 

chart review 

 

N = 228 with appendicitis 

prevalence 22%.  8% 

patients were lost to follow-

up, leaving 210 for analysis; 

focused CT with oral 

contrast only: mean 

sensitivity 0.76, mean 

specificity 0.94, AUC 0.92; 

CT with oral and IV 

contrast: mean sensitivity 

0.91, mean specificity 0.95, 

AUC 0.96. 

Chart review methods to 

establish diagnosis were 

not described.   
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