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Abstract 

 

Background: Abdominal computed tomography (CT) is highly accurate in diagnosing 

pediatric acute appendicitis; however, there is concern regarding radiation exposure. Point-

of-care ultrasound (POCUS) and low-dose CT (LDCT) may facilitate diagnosis in the 

emergency department (ED) when radiologist-performed ultrasound (RADUS) is 

unavailable. We designed a stepwise protocol for diagnosis of pediatric acute appendicitis 

integrating these modalities and conducted a study to evaluate its usefulness. 

Methods: We prospectively studied patients aged <16 years with clinically suspected acute 

appendicitis who presented to the ED. POCUS was first performed by a pediatric emergency 

physician (stage 1); patients with undetermined or suspicious results for appendicitis were 

enrolled in this study and received LDCT (stage 2). RADUS was done selectively in cases 

that remained inconclusive after LDCT (stage 3). 

Results: Two hundred 84 patients (155 males, 54.6%) with a mean age of 9.32 ± 3.08 years 

were enrolled in the study and underwent LDCT. Among them, 109 patients (38.4%) had 

surgically proven appendicitis. POCUS was indeterminate in 72 patients (25.3%) and 

suspicious for appendicitis in 212 patients (74.6%). LDCT was performed with a mean 

effective radiation dose of 1.03 ± 0.47 mSv and demonstrated equivocal results in 23 cases 

(8.1%). The incomplete protocol after LDCT (stage 2) demonstrated a 14.2% negative 

appendectomy rate, 89.0% sensitivity, 90.9% specificity, and 9.73 positive likelihood ratio. 

RADUS was performed in 32 patients (11.3%), including 18 cases with equivocal results on 

LDCT. The final diagnostic protocol integrating POCUS, LDCT, and selective RADUS 

(stage 3) demonstrated a 9.7% negative appendectomy rate, 93.6% sensitivity, 93.7% 

specificity, and 14.89 positive likelihood ratio. 
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Conclusion: The stepwise protocol achieved useful outcomes for diagnosing pediatric acute 

appendicitis in the ED with reduced radiation exposure. For inconclusive cases after LDCT, 

supplementary RADUS may be helpful in increasing diagnostic accuracy. 

 

Keywords: Appendicitis; Children; Computed tomography; Point-of-care system; Radiation 

dose; Ultrasonography  
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INTRODUCTION 

 

Acute appendicitis is diagnosed in 1%−8% of patients presenting with abdominal pain in the 

emergency department (ED) and is the most common cause of urgent abdominal surgery in 

the pediatric population.
1,2)

 The perforation rate has been reported to range from 22%−62% 

in pediatric acute appendicitis,
3-7)

 with a delayed diagnosis being one of the most important 

risk factors.
8-11)

 It can be challenging for pediatric emergency physicians to suspect acute 

appendicitis because pediatric patients occasionally present with ambiguous clinical features, 

especially in the early stage, and clinical and laboratory findings can be of limited value.
11,12)

 

Consequently, radiologic imaging modalities have been increasingly utilized for the accurate 

diagnosis of acute appendicitis. 

Abdominal computed tomography (CT) imaging is highly accurate for the diagnosis of 

acute appendicitis in pediatric patients, with 95% sensitivity and 94% specificity.
13,14)

 One of 

its advantages is that patient body habitus and/or the presence of prominent bowel gas do not 

interfere with the interpretation of images. However, the large amount of radiation exposure 

and subsequent increased risk of cancer has been a concern in pediatric patients, considering 

their long life expectancy.
15)

 For this reason, ultrasound is recommended as the primary 

modality for evaluating and diagnosing pediatric acute appendicitis. This modality has 

acceptable accuracy, with 88% sensitivity and 94% specificity.
13,16)

 Nonetheless, many 

pediatric EDs in community hospitals still perform abdominal CT due to absence of an 

available radiologist during the night, urgency for diagnosis, or physician convenience,
17)

 

and utilization of abdominal CT has been reported to be greater than ultrasound (14.6% vs. 

10.9%) among pediatric patients presenting with non-traumatic abdominal pain in the United 

States.
18) 

Recently, several promising investigations to decrease the utilization of high-dose radiation 

have been reported. First, point-of-care ultrasound (POCUS) performed by pediatric 



 

2 
 

emergency physicians has shown potential in screening for acute appendicitis,
19,20)

 although 

only a few studies have reported its utility in a relatively small number of pediatric patients.
12)

 

Second, low-dose CT (LDCT) protocols with reduced radiation dosage have emerged in 

adult patients with acute appendicitis.
21-24)

 Recent technical progress in CT imaging could 

possibly overcome the problem of poor image resolution seen in LDCT and allow it to be as 

accurate as standard-dose CT.
25,26)

 

We designed a stepwise protocol for the diagnosis of pediatric acute appendicitis to obviate 

the need for standard-dose abdominal CT in the ED when primary radiologist-performed 

ultrasound (RADUS) was unavailable. This protocol integrated pediatric emergency 

physician-performed POCUS, LDCT, and selective RADUS sequentially. We then 

conducted a prospective study to validate the protocol by evaluating the negative 

appendectomy rate (NAR) and its diagnostic performance for pediatric acute appendicitis. 
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METHODS 

 

1. Study design  

A prospective study was performed among pediatric patients aged <16 years who presented 

to the ED with clinically suspected acute appendicitis between March 2017 and January 

2019. Clinical suspicion of acute appendicitis was based on the presence of >3 components 

of the pediatric appendicitis score (PAS), which are commonly recognized symptoms and 

signs of pediatric acute appendicitis (Table 1).
27,28)

 Initial clinical assessments were made by 

pediatric emergency physicians. A diagnostic protocol integrating three stepwise imaging 

modalities including POCUS (stage 1), LDCT (stage 2), and RADUS (stage 3) was 

performed in all patients enrolled in this study (Fig. 1). 

Our institution is a tertiary, university-affiliated hospital, with a pediatric ED that provides 

care for approximately 35,000 children annually. We excluded a small number of patients 

who were transferred from other hospitals after receiving an imaging study (ultrasound or 

CT), as well as those who did not agree to participate, and those who received standard-dose 

CT. Patient data were recorded and analyzed. This study was approved by the institutional 

review board of Asan Medical Center in Seoul, South Korea (IRB 2017-0202). Written 

informed consent to participate in the study was provided by each patient’s parent, and 

written assent was obtained from children aged ≥ 7 years who sufficiently understood the 

study procedure and the potential benefits and risks. This study was supported by a grant 

from Asan Medical Center Children’s Hospital, Seoul, South Korea (2017-012). 
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Fig. 1. Flowchart showing the diagnostic protocol for pediatric acute appendicitis 

RADUS was done selectively in cases, which remained inconclusive after LDCT (equivocal 

results on LDCT or discordance between LDCT interpretation and clinical assessment) 

(dotted lines). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Clinically suspected acute appendicitis 

among the pediatric patients aged <16 years 

Stage 1: POCUS 

Undetermined or suspicious  

Enrolled in this prospective study  

Stage 2: LDCT (n = 284) 

Stage 3: RADUS (n = 32) 

Definitely not 

Completion of the diagnostic protocol 

Reassess and make a decision. 

Antibiotics or clinically follow up  

 
Appendectomy 

 

Definitely not  

Probably not  

Definite appendicitis 

Probable appendicitis 

Equivocal 

Equivocal Definitely not  Definite appendicitis 



 

5 
 

Table 1. Components of pediatric appendicitis score (PAS) 

 Diagnostic indicants Point value 

Symptoms Anorexia 1 

 Nausea/vomiting 1 

 Migration of pain to RLQ  1 

Signs Elevated temperature (≥38.0℃) 1 

 RLQ tenderness on light palpation  2 

 Heel tapping tenderness at RLQ 2 

Laboratory test Leukocytosis (>10,000/mm
3
) 1 

 Neutrophil shift to the left (>75%) 1 

Total score   10 

RLQ; right lower quadrant   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

6 
 

2. Diagnostic protocol 

2-1. Stage 1: POCUS 

The main purpose of POCUS was to differentiate definitely not appendicitis from possible 

acute appendicitis. POCUS was performed by one of seven board-certified pediatric 

emergency physicians. Each completed a 4-hour pediatric ultrasound course certified by the 

Korean Society of Pediatric Emergency Medicine and had approximately a mean of 3 years 

(range, 0–6) POCUS experience in the ED at the beginning of the study. Descriptive findings 

of POCUS were dilation of the appendix (>6 mm in diameter), presence of non-compressible 

appendix, and mural thickening. 

The patients were classified as definitely not appendicitis when the three descriptive 

findings above were all negative. No further examination was recommended when the 

interpretation of POCUS was definitely not appendicitis with low clinical suspicion on PAS; 

these patients were not included in this study and discharged. Indeterminate results were 

classified when POCUS failed to find an appendix-like apparatus due to body habitus, severe 

abdominal pain, or prominent bowel gas. POCUS with the presence of any one of the three 

aforementioned findings were interpreted as suspicious for appendicitis. Patients with 

indeterminate or suspicious results on POCUS were enrolled in this study and underwent 

LDCT. 

 

2-2. Stage 2: LDCT  

LDCT images were interpreted by an experienced pediatric radiologist; a second radiologist 

was consulted to obtain consensus in several debatable cases. The primary diagnostic criteria 

for acute appendicitis included dilation of the appendix, mural thickening with contrast 

enhancement, and periappendiceal infiltration.
29,30)

 Supplementary diagnostic criteria for 

perforated appendicitis included diffuse peritoneal thickening, mural defects, extraluminal 

appendicolith, periappendiceal phlegmon, free air, or abscess.
31)

 The interpretation of LDCT 
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included confidence level of appendicitis, visualization of the appendix, perforation of the 

appendix, presence of appendicolith, and alternative diagnosis. The confidence level of 

appendicitis was categorized into definitely not, probably not, equivocal, probable 

appendicitis, and definite appendicitis; the last two categories were regarded as acute 

appendicitis. The visualization of the appendix was categorized as not identified, partially 

visible, and entirely visible. 

 

2-3. Stage 3: RADUS  

RADUS was performed by one of two experienced pediatric radiologists if requested by the 

pediatric emergency physician in consultation with a pediatric surgeon among the cases that 

remained inconclusive after LDCT (equivocal results on LDCT or discordance between 

LDCT interpretation and clinical assessment). 

The interpretation of RADUS included descriptive findings, the confidence level of 

appendicitis (definitely not, equivocal, or definite), perforation of the appendix, and 

alternative diagnoses. Descriptive findings of RADUS included the location (postileal, 

subcecal, retrocolic, preileal, and pelvic) and diameter of the appendix (base, body, and tip), 

presence of non-compressible appendix, mural thickening, periappendiceal fluid or abscess, 

prominent periappendiceal fat, increased vascularity on Doppler scan, sonographic 

tenderness, and presence of appendicolith. 

 

3. Technical imaging methods 

POCUS and RADUS procedures were performed in a dedicated room using the iE33 

ultrasound (Philips Ultrasound, Bothell, WA, USA) with 3–11 MHz linear or 5–8 MHz 

curvilinear transducer, and EPIQ5 ultrasound (Philips Ultrasound, Bothell, WA, USA) with 

5–12 MHz linear transducer, respectively. 
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LDCT imaging was performed using a 128-channel MDCT scanner (SOMATOM 

Definition AS Plus; Siemens Medical Solutions, Forchheim, Germany). The tube potential 

ranged from 80 to 120 kVp with a reduced volume CT dose index (CTDIvol) of 0.28–

1.16 mGy (20% of standard-dose CT, aiming at an effective radiation dose of approximately 

1 mSv) according to the patient’s body weight (Table 2). Automatic tube current modulation 

was applied, and other parameters were as follows: thickness, 3–5 mm; gantry rotation, 0.33 

s; pitch, 1.0; kernel, I30f. All CT images were acquired at the portal venous phase after 

administration of intravenous iodinated, non-ionic contrast medium (Iomeron 300; Bracco 

Imaging, Milan, Italy) using a weight-based dose (1.5 mL/kg) through a power injector. 
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Table 2. Standard CT dose index and reduced CT dose index for LDCT  

Weight (kg) Tube potential (kVp) Standard CTDIvol Reduced CTDIvol 

< 5 80 1.44 0.28 

5–9.9 80 1.77 0.35 

10–19.9 80 2.31 0.46 

20–39.9 100 2.85 0.57 

40–59.9 100 4.29 0.85 

>60 100 5.84 1.16 

CTDIvol; volume CT dose index  
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4. Effective radiation dose calculation 

To estimate effective radiation dose, total dose-length product (DLP) was obtained from the 

dose report in the study patients. The conversion factor was modified to 16 cm diameter CT 

dosimetry phantom in reference to age- and sex-specific conversion factors for DLP-based 

CT dosimetry based on International Commission on Radiological Protection guidelines 

(Table 3).
32)

 After being multiplied by relevant conversion factors, the effective dose was 

calculated (DLP = CTDIvol (mGy) × scan length (cm); effective radiation dose (mSv) = 

DLP (mGy-cm) × conversion factor). 
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Table 3. Modified conversion factor for 16-cm CT dosimetry phantom 

Age Tube potential (kVp) Male Female 

≤ 1 month 80 0.0818 0.1056 

 100 0.0732 0.0944 

 120 0.0702 0.0906 

2 months–1 year 80 0.05 0.0646 

 100 0.0462 0.0596 

 120 0.0448 0.0578 

2–5 years 80 0.0328 0.0424 

 100 0.0312 0.0402 

 120 0.0306 0.0394 

6–10 years 80 0.0224 0.0288 

 100 0.0216 0.0278 

 120 0.0214 0.0276 

>10 years 80 0.0264 0.034 

 100 0.0264 0.034 

 120 0.0268 0.0346 
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5. Final diagnosis  

The final diagnosis of acute appendicitis (reference standard) was based on surgical and 

pathologic findings. If delays in surgery were expected due to insufficient hospital room 

availability or human resources, the patient was transferred to a nearby surgical hospital, and 

the final diagnosis was confirmed by a phone call a week later. Acute appendicitis was 

categorized as simple appendicitis or complicated appendicitis (presence of gangrene, 

phlegmon, abscess, or perforation) based on the surgical or pathologic findings. 

The final diagnosis of not appendicitis included cases with negative surgical and pathologic 

findings, those which were admitted and managed non-operatively (received antibiotics), and 

those discharged from the ED without admission. These patients were recommended to visit 

our pediatric outpatient clinic within a week, and phone calls to the patient’s parents were 

usually made a week later to prevent a misdiagnosis of not appendicitis. The NAR was 

determined by the percentage of false positives for acute appendicitis among positive results 

in the diagnostic protocol.
33) 

 

6. Sample size calculation  

The appropriate sample size was calculated to demonstrate the noninferiority of this 

diagnostic protocol compared with standard-dose CT with respect to NAR. We postulated a 

4.5% NAR in standard-dose CT,
34,35)

 noninferiority margin of 8%,
36)

 and a two-sided alpha 

value of 0.025 to obtain 95% statistical power. We calculated that the number of patients 

undergoing appendectomy should exceed 100, without considering the drop-out rate. 

 

7. Statistical analysis 

First, NAR and performance of the diagnostic protocol integrating POCUS, LDCT, and 

RADUS (stage 3) were analyzed. Second, NAR and performance of the incomplete protocol 

after LDCT (stage 2) were analyzed and compared with those of the diagnostic protocol to 
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evaluate the usefulness of supplementary RADUS. The measures of diagnostic performance 

were reliability values (sensitivity, specificity, and accuracy), predictive values (positive and 

negative), and likelihood ratio (positive and negative). Positive likelihood ratio >10 and 

negative likelihood ratio <0.1 were considered to provide strong evidence for clinical 

diagnosis.
37)

 Performance analyses were performed using MedCalc software version 18.11.6 

(MedCalc, Ostend, Belgium), and are presented with a 95% confidence interval. 

Comparison of clinical features and laboratory and radiologic findings between the groups 

was analyzed using the χ
2
 test for categorical variables and t-test for continuous variables 

using SPSS software version 20.0 (SPSS Inc, Chicago, IL, USA). A P <0.05 was considered 

statistically significant. 
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RESULTS 

 

1. Study patients  

A total of 284 patients were enrolled in this study and underwent LDCT with a mean 

effective radiation dose of 1.03 ± 0.47 mSv (range, 0.46–2.9). During the study period, 17 

patients with clinically suspected acute appendicitis did not agree to participate in this study 

and received standard-dose CT. The mean age of study patients was 9.32 ± 3.08 years (range, 

2.38–15.83), and there were 155 males (54.6%) and 129 females (45.4%). A total of 110 

patients (38.7%) underwent appendectomy, including 64 patients (22.5%) in our institution 

and 46 patients (16.2%) in other hospitals. Other surgeries were performed in five patients: 3 

cases of suspicious ovarian torsion, a case of perforated Meckel’s diverticulitis, and a case of 

mechanical ileus due to the mesenteric band. The final diagnosis of acute appendicitis was 

made in 109 patients (38.4%). Among these, complicated appendicitis was observed in 57 

patients (52.3%), including 45 patients (41.3%) with a perforated appendix. Fifty-two 

patients (41.3%) were diagnosed with simple appendicitis. The characteristics of study 

patients including disposition, time management, and final diagnosis, are summarized in 

Table 4. 
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Table 4. Characteristics of the study patients (n = 284)  

 Values 

Age, years, mean ± SD 9.32 ± 3.08 

Sex, males 155/284 (54.6%) 

Duration of symptoms, hours, mean ± SD 24.4 ± 27.6 

Pediatric appendicitis score (PAS) 5.89 ± 2.03 

Door-to-LDCT time, hours, mean ± SD 3.53 ± 1.89 

ED length of stay, hours, mean ± SD 7.35 ± 3.96 

Admission  122/284 (43.0%) 

To our institution 76/284 (26.8%) 

     To other hospitals 46/284 (16.2%) 

Requirement of surgery 115/284 (40.5%) 

     Appendectomy 110/284 (38.7%) 

     Another surgery 5/284 (1.8%) 

Managed non-operatively 10/284 (3.5%) 

Final diagnosis of acute appendicitis 109/284 (38.4%) 

Simple appendicitis   52/109 (44.7%) 

Complicated appendicitis  57/109 (52.3%) 

Perforated appendicitis  45/109 (41.3%) 

Effective radiation dose, mSv, mean ± SD 1.03 ± 0.47 mSv 

ED; emergency department, SD; standard deviation 
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2. Comparison between appendicitis and not appendicitis groups 

The clinical and laboratory data, including components of PAS, were compared between the 

appendicitis group and not appendicitis group (Table 5). The mean PAS in the appendicitis 

group was significantly higher than the not appendicitis group (6.98 ± 1.6 vs. 5.21 ± 1.9). 

Among the components of PAS, heel tapping tenderness at RLQ, leukocytosis 

(>10,000/mm
3
), neutrophil shift to the left (>75%), nausea/vomiting, and migration of pain 

to the RLQ demonstrated statistically significant differences between the groups, whereas 

anorexia and elevated temperature (≥38.0℃) did not. In addition, C-reactive protein (CRP) 

level was significantly higher in the appendicitis group than the not appendicitis group; 

however, the level of procalcitonin was not significantly different (procalcitonin was 

selectively examined according to clinical necessity among 188 patients). 
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Table 5. Comparison of clinical and laboratory findings between appendicitis and not 

appendicitis groups 

 

Appendicitis  

(n = 109) 

Not appendicitis  

(n = 175) 

P 

Age, mean ± SD 9.32 ± 2.79 9.32 ± 3.25 0.978 

Sex, males 61 (56.0%) 94 (53.7%) 0.711 

Pediatric appendicitis score (PAS) 6.98 ± 1.6 5.21 ± 1.9 <0.001 

Anorexia 89/109 (81.7%) 131/175 (74.9%) 0.183 

Nausea/vomiting 69/109 (63.3%) 84/175 (48.0%) 0.012 

Migration of pain to RLQ  40/109 (36.7%) 42/175 (24.0%) 0.022 

Elevated temperature (≥38.0℃) 23/109 (21.1%) 46/175 (26.3%) 0.322 

RLQ tenderness on light palpation  105/109 (96.3%) 154/175 (88.0%) 0.017 

Heel tapping tenderness at RLQ 71/109 (65.1%) 60/175 (34.3%) <0.001 

Leukocytosis (>10,000/mm
3
) 99/109 (90.8%) 95/175 (54.3%) <0.001 

Neutrophil shift to the left (>75%) 89/109 (81.7%) 85/175 (48.6%) <0.001 

Duration of symptoms, hours, mean ± SD 24.4 ± 24.9 24.3 ± 29.4 0.992 

Loose stool   15/70 (21.4%) 73/505 (14.5%) 0.129 

Leucocyte count, /mm
3
, mean ± SD 15990 ± 4445 11397 ± 5175 <0.001 

Percentage of neutrophil, %, mean ± SD 82.1 ± 17.2 70.15 ± 16.4 <0.001 

C-reactive protein, mg/dL, mean ± SD  3.63 ± 5.54 2.43 ± 3.59 0.045 

Procalcitonin, ng/mL, mean ± SD* 0.92 ± 2.62 0.36 ± 1.12 0.098 

*Procalcitonin was selectively examined among 188 patients. 
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3. Interpretations of each imaging modality in the diagnostic protocol  

Interpretations were obtained from each imaging modality for the diagnosis of acute 

appendicitis (Table 6). After POCUS, 72 patients (25.4%) were undetermined, and 212 

patients (74.6%) were suspicious for acute appendicitis. Among the patients with 

undetermined results on POCUS, body habitus in 22 patients (30.5%) and severe abdominal 

pain in seven patients (9.7%) were notable causes. The number of patients who were 

discharged after definitely not appendicitis on POCUS was not counted, but no patient 

revisited the ED or was diagnosed with acute appendicitis after only receiving POCUS. 

All 284 patients underwent LDCT without any apparent complications, and 23 cases (8.1%) 

demonstrated equivocal results. The appendix was visualized on LDCT in 100% of cases 

(entirely visible in 63.4% and partially visible in 36.6%), including the 23 cases with 

equivocal results. Appendicolith was observed in 70 patients (24.5%) and 11 cases had 

incidental findings which were not related to acute appendicitis. 

Among the 23 cases with equivocal results on LDCT, five cases were assessed without 

performing RADUS (4 cases underwent appendectomy, and the other case was managed 

non-operatively). RADUS was performed in 32 cases, which remained inconclusive after 

LDCT (18 cases of equivocal results on LDCT and 14 cases of discordance between LDCT 

interpretation and clinical assessment). Cases with equivocal results decreased from 23 to 11 

after supplementary RADUS (Table 7). 
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Table 6. Interpretations of each imaging modality  

Imaging Values 

POCUS   

     Undetermined  72/284 (25.4%) 

Suspicious 212/284 (74.6%) 

LDCT (n = 284)  

Confidence level of appendicitis  

          Definitely not  57/284 (20.1%) 

Probably not  103/284 (36.3%) 

Equivocal 23/284 (8.1%) 

Probable appendicitis 33/284 (11.6%) 

Definite appendicitis 68/284 (23.9%) 

Visualization of the appendix   

Not identified 0 (–) 

Partially visible 104/284 (36.6%) 

Entirely visible 180/284 (63.4%) 

Perforation of appendix  38/284 (13.4%) 

Presence of appendicolith 70/284 (24.5%) 

RADUS (n = 32)  

Confidence level of appendicitis  

          Definitely not   18/32 (56.3%) 

Equivocal 6/32 (18.8%) 

Definite appendicitis 8/32 (25.0%) 

Perforation of appendix  0 (–)  
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Table 7. Results of RADUS according to confidence level on LDCT 

LDCT N RADUS 

N of RADUS 

done or (N/D) 

Appendectomy 

Definitely not 57 (N/D) (57) 0 

Probably not 103 (N/D) (90) 1 

  Definitely not 13 0 

Equivocal 23 (N/D) (5) 4 

  Definitely not 5 0 

  Equivocal 6 2 

  Definite appendicitis 7 5 

Probable appendicitis 33 (N/D) (32) 29 

  Definite appendicitis 1 1 

Definite appendicitis 68 (N/D) (68) 68 

Total 284  32 (252) 110 

N/D; not done 
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4. Distribution of patients in the diagnostic protocol by stages 

Distribution of the 284 patients after the completion of each stage of the diagnostic protocol 

for acute appendicitis is presented in Table 8. There were several notable categories of 

unexpected treatment outcomes: 

1) A missed case (acute appendicitis with a negative result on diagnostic protocol) 

A 10-year old boy who presented to the ED with 4 hours of abdominal pain had LDCT 

interpreted as probably not appendicitis. He revisited the ED the next day and finally was 

diagnosed with perforated appendicitis. 

2) Six cases of not acute appendicitis despite positive results on diagnostic protocol 

A 9-year old boy with probable appendicitis on LDCT underwent an appendectomy, but 

pathologic results demonstrated chronic granulomatous appendicitis (not acute appendicitis) 

(Fig. 2). The other 5 cases of positive results in the diagnostic protocol were managed non-

operatively (received intravenous antibiotics) and finally improved without surgery; these 

were regarded as not acute appendicitis. 

3) Eleven cases with equivocal results after completion of diagnostic protocol 

Among the 11 cases with equivocal results (6 cases of equivocal results after RADUS and 

five cases without RADUS), 6 cases underwent appendectomy, which were all consistent 

with simple appendicitis. The other 5 cases with equivocal results were managed non-

operatively (received intravenous antibiotics) and finally improved without surgery, which 

were regarded as not acute appendicitis. 
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Table 8. Distribution of patients according to each stage in the diagnostic 

protocol   

Imaging Appendicitis Not appendicitis Total  

Stage 1 (POCUS)    

     Undetermined  23 49 72 

Suspicious 86 126 212 

Stage 2 (POCUS + LDCT)    

Negative 1 159 160 

Equivocal 11 12 23 

Positive 97 4 101 

Stage 3 (POCUS + LDCT + RADUS)    

Negative 1 164 165 

Equivocal 6 5 11 

Positive 102 6 108 

Total  109 175 284 
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Fig. 2. A case of negative appendectomy 

A 9-year old underwent appendectomy for presumed acute appendicitis but pathologic 

findings were consistent with chronic granulomatous appendicitis with micro-granulomas 

and lymphoid hyperplasia. A: An axial LDCT image shows dilation of the appendix with 

maximal size of 11 mm (arrow) and suspicious periappendiceal infiltration. The 

interpretation of the LDCT was probable appendicitis. B: A surgical image shows multiple 

erosions on the appendiceal wall (arrow). 
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5. Negative appendectomy rate and diagnostic performance for pediatric acute 

appendicitis 

In analyzing the diagnostic performance of the protocol, equivocal results were handled by 

two different methods: 1) main method – equivocal results were regarded as negative for 

final diagnosis of acute appendicitis and positive for final diagnosis of not acute appendicitis; 

2) alternative method – equivocal results were regarded as negative for final diagnosis of 

acute appendicitis. NAR and performance of the incomplete protocol after LDCT (stage 2) 

and the diagnostic protocol (stage 3) were analyzed and compared (Table 9). In an analysis 

by the main method, the incomplete protocol after LDCT demonstrated a NAR of 14.2%, 

89.0% sensitivity, 90.9% specificity, and 9.73 positive likelihood ratio, whereas the 

diagnostic protocol demonstrated a NAR of 9.7%, 93.6% sensitivity, 93.7% specificity, and 

14.89 positive likelihood ratio. 
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Table 9. Negative appendectomy rate and diagnostic performance 

In the main method, equivocal results were regarded as negative for final diagnosis of acute 

appendicitis and as positive for final diagnosis of not acute appendicitis. In the alternative 

method, all equivocal results were regarded as negative for final diagnosis of acute 

appendicitis. 

 Values (95% CI) 

Main method  After stage 2 After stage 3 

Negative appendectomy rate 14.2% (9.3%–20.9%) 9.7% (5.7%–16.1%) 

Sensitivity 89.0% (81.6%–94.2%) 93.6% (87.2%–97.4%)  

Specificity 90.9% (85.6%–94.7%) 93.7% (89.0%–96.8%) 

Accuracy 89.9% (85.8%–93.2%) 93.6% (90.1%–96.2%) 

Positive predictive value  85.8% (79.1%–90.7%) 90.3% (83.9%–94.3%) 

Negative predictive value 93.0% (88.6%–95.8%) 95.9% (92.0%–98.0%) 

Positive likelihood ratio 9.73 (6.07–15.60) 14.89 (8.38–26.44) 

Negative likelihood ratio 0.12 (0.07–0.21) 0.07 (0.03–0.14) 

Alternative method After stage 2 After stage 3 

Negative appendectomy rate 4.0% (1.5%–9.8%) 5.6% (2.6%–11.5%) 

Sensitivity 89.0% (81.6%–94.2%) 93.6% (87.2%–97.4%) 

Specificity 97.7% (94.3%–99.4%) 96.6% (92.7%–98.7%) 

Accuracy 93.4% (89.8%–96.0%) 95.1% (91.9%–97.3%) 

Positive predictive value  96.0% (90.2%–98.5%) 94.4% (88.5%–97.4%) 

Negative predictive value 93.4% (89.3%–96.0%) 96.0% (92.2%–98.0%)  

Positive likelihood ratio 38.93 (14.75–102.81) 27.29 (12.41–60.01) 

Negative likelihood ratio 0.11 (0.07–0.19) 0.07 (0.03–0.14) 

CI; confidence interval 
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DISCUSSION 

 

In this prospective study, we proposed a stepwise protocol that integrated POCUS, LDCT, 

and selective RADUS for diagnosis of acute appendicitis among pediatric patients in the ED, 

which proved to be useful with acceptable NAR and favorable diagnostic performance. The 

suggestions from this diagnostic protocol can be summarized according to the imaging 

modality for each stage. First, POCUS by pediatric emergency physicians might be helpful 

as an initial screening test for pediatric acute appendicitis. Second, LDCT achieved 

remarkable safety with a reduced effective radiation dose than standard-dose CT. Third, 

supplementary RADUS for inconclusive cases after LDCT seemed to increase the diagnostic 

value. 

A major concern of this study was how much the effective radiation dose could be reduced 

among pediatric patients. We performed LDCT with a recently developed algorithm that 

modulated CTDIvol of 20% compared with standard-dose CT and aimed for an effective 

radiation dose of approximately 1 mSv. The mean effective radiation dose on 284 pediatric 

patients in this study was 1.03 ± 0.47 mSv, which was remarkably lower than previous 

studies of LDCT. A retrospective study by Callahan et al.
34)

 investigated the diagnostic 

performance of LDCT in 250 pediatric acute appendicitis patients with a mean age of 12 

years and reported 97% sensitivity and 94% specificity with a mean effective radiation dose 

of 3.3 mSv. Another retrospective study by Sayed et al.
38)

 performed LDCT in 140 pediatric 

patients and also reported excellent performance (97.8% sensitivity and 100% specificity), 

with a mean effective radiation dose of 3.1 mSv. The effective radiation dose of 1.03 mSv in 

this study may have value, especially in pediatric patients, considering that the mean 

effective dose of an abdominal plain film in an adult is approximately 0.7 mSv.
25)
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The proposed diagnostic protocol in this study demonstrated an acceptable NAR of 9.7%, 

93.6% sensitivity, 93.7% specificity, and 14.89 positive likelihood ratio when equivocal 

results were regarded as negative for the final diagnosis of acute appendicitis and as positive 

for the final diagnosis of not appendicitis. This performance is comparable to the 95% 

sensitivity and 94% specificity of standard-dose CT in pediatric acute appendicitis.
13,14)

 

There are considerations about managing equivocal cases and defining the reference standard 

in this study. First, when we regarded all equivocal results as negative for the final diagnosis 

of acute appendicitis, the NAR decreased to 5.6%, whereas the specificity and positive 

likelihood ratio increased to 96.6% and 27.29, respectively. Additionally, all 6 of the 11 

equivocal cases that underwent appendectomy had final findings compatible with simple 

appendicitis (not complicated appendicitis). Therefore, equivocal cases should be reassessed 

judiciously by physicians and be observed closely for possible clinical deterioration rather 

than receive urgent surgery. Second, we defined the reference standard for acute appendicitis 

based on surgical and pathologic findings, and all cases which were managed non-

operatively (receiving antibiotics) were regarded as not appendicitis. As a result, although 

six cases were regarded as false positives in the performance analysis, a negative 

appendectomy was performed only once, which was diagnosed as chronic granulomatous 

appendicitis; the other 5 cases did not receive appendectomy. Most previous studies on acute 

appendicitis have defined appendectomy as the treatment of choice and used surgical and 

pathologic findings to make the final diagnosis. However, in recent years, it has been 

suggested that non-operative treatment with antibiotics can be considered as a reliable 

alternative.
39)

 Although non-operative treatment is still not accepted for all patients, this 

concept may change the definition for the final diagnosis of acute appendicitis. Therefore, 10 

negative appendicitis cases managed non-operatively in this study might have a chance of 

acute appendicitis, which has the possibility to improve the performance of this diagnostic 

protocol. 
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 In addition to the effort to reduce the radiation dose of LDCT, we also attempted to perform 

POCUS as the initial imaging modality to obviate the need for further CT imaging. A 

previous meta-analysis of the diagnostic performance of POCUS in 17 studies with 2385 

adult and pediatric acute appendicitis patients demonstrated 84% sensitivity and 91% 

specificity and concluded that POCUS might achieve an accurate diagnosis.
19)

 However, 

another meta-analysis suggested that POCUS might be appropriate as the initial imaging 

modality for diagnosing acute appendicitis, but noted that it was too premature to utilize 

POCUS as a stand-alone test.
12,20)

 Based on our experience, POCUS by pediatric emergency 

physicians had a limited capacity for a complete evaluation of appendicitis, including 

perforation or combined appendicoliths, which frequently accompany pediatric acute 

appendicitis. For these reasons, we strictly limited the diagnosis of definitely not appendicitis 

after POCUS only in cases satisfying all three findings of dilation of the appendix, presence 

of non-compressible appendix, and mural thickening; this may explain the relatively high 

25.4% rate of undetermined cases after POCUS. Although the number of patients who were 

discharged after definitely not appendicitis after POCUS was not counted, no patient 

revisited the ED or was diagnosed with acute appendicitis after only receiving POCUS. In 

comparing acute appendicitis and not appendicitis groups, PAS showed a significant 

difference (6.98 vs. 5.21, P < 0.001), but anorexia and elevated temperature, which are 

components of the PAS, did not. In laboratory tests excluding leucocyte count and 

percentage of neutrophils, CRP level demonstrated a significant difference between the two 

groups (3.63 mg/dL vs. 2.43 mg/dL, P = 0.045). In the clinical setting, utilization of POCUS 

with adjuvant PAS or selective laboratory tests such as CRP may be helpful in screening for 

pediatric acute appendicitis. 

 The supplementary RADUS in cases that remained inconclusive after LDCT demonstrated 

additional value in the diagnosis of acute appendicitis. The incomplete protocol after LDCT 

demonstrated a NAR of 14.2%, 89.0% sensitivity, 90.9% specificity, and 9.73 positive 
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likelihood ratio, showing relatively worse NAR and performance than the diagnostic 

protocol after supplementary RADUS. A total of 23 cases (8.1%) had an equivocal result on 

LDCT, despite a visible appendix. This suggests that an equivocal result on LDCT may not 

totally originate from low-resolution imaging. Although LDCT in this study failed to 

differentiate a case of chronic granulomatous appendicitis, which is a very rare condition 

occurring in idiopathic or secondary infectious or non-infectious forms,
40)

 we hypothesize 

that even standard-dose CT would not have been able to differentiate it either. 

This study has several limitations. First, all appendectomies were not performed in our 

institution; we transferred patients to nearby surgical hospitals if delays in surgery were 

expected from insufficient hospital room availability or human resources. Although the final 

diagnosis was confirmed by a phone call a week later, inconsistency in surgical or pathologic 

diagnosis of acute appendicitis may have affected the study results. Second, comparison of 

diagnostic performance between the period of standard-dose CT before the beginning of this 

prospective study and the period of LDCT study in our institution could not be performed 

because we could not confirm the surgical results of patients transferred to other hospitals 

during the standard-dose CT period. A well-designed prospective study with appropriate 

controls in pediatric acute appendicitis will be required to validate our current diagnostic 

protocol integrating POCUS, LDCT, and selective RADUS. 
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CONCLUSION 

 

The proposed stepwise protocol integrating POCUS, LDCT, and selective RADUS achieved 

an acceptable NAR and favorable diagnostic performance in diagnosing pediatric 

appendicitis in the ED with remarkably reduced radiation exposure. For inconclusive cases 

after LDCT, supplementary RADUS may increase the diagnostic value. This diagnostic 

protocol can be used to obviate the need for standard-dose CT in the ED when primary 

RADUS is unavailable. 
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국문 초록 

 

연구제목: 소아 급성충수염에서 복부 저방사선량 CT를 포함하는 진단 

프로토콜의 유용성 

 

연구배경: 응급실에서 소아 급성충수염을 정확하고 안전하게 진단하는 것은 

중요하다. 복부 CT는 매우 정확하지만 특히 소아 환자에서 많은 양의 방사선 

조사로 인해 제한점이 있다. 소아 급성충수염의 진단을 위한 일차적인 

영상초음파 시행이 불가능한 응급실에서 표준방사선량 CT의 사용을 피하기 

위해 최근 보고된 현장초음파와 저방사선량 CT를 이용한 새로운 프로토콜의 

개발이 필요하다.  

연구목적: 응급실에서 소아 급성충수염의 진단을 위한 현장초음파, 저방사선량 

CT, 선별적인 영상초음파를 통합하는 프로토콜의 유효성을 검증하고, 

저방사선량 CT 시행 이후에도 진단에 이르지 못한 증례들에서 추가적인 

영상초음파가 도움이 되는지 평가하고자 한다.  

연구방법: 응급실을 방문하여 임상적으로 급성충수염이 의심되는 16세 미만의 

소아 환자를 대상으로 전향적 연구가 시행되었다. 현장초음파(1단계)는 

소아응급의사에 의해 시행되었으며, 판독결과가 불충분하거나 급성충수염이 

의심되는 경우에 본 연구에 등록되어 저방사선량 CT(2단계)를 시행하였다. 

저방사선량 CT의 판독결과가 불명확하거나 임상증상과 잘 맞지 않아 진단에 

이르지 못한 경우 의료진의 요청에 의해 선별적으로 영상초음파(3단계)가 

시행되었다.  
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연구결과: 총 284명의 소아 환자가 연구에 포함되었으며, 남자는 155명(54.6%), 

평균 나이는 9.32 ± 3.08세였다. 이 중에 109명(38.4%)이 수술 결과 

급성충수염으로 진단되었다. 현장초음파 판독결과 72명(25.3%)에서 

불충분하였으며, 212명(74.6%)에서 급성충수염이 의심되었다. 저방사선량 CT의 

평균 유효선량은 1.03 ± 0.47 mSv이었으며, 23명(8.3%)에서 불명확한 

판독결과를 보였다. 2단계 저방사선량 CT까지 진행한 불완전한 프로토콜은 

14.2%의 음성충수절제율, 89.0%의 민감도, 90.9%의 특이도, 9.73의 

양성가능도비를 보였다. 선별적인 영상초음파는 32명(11.3%)의 환자에서 

시행되었다. 현장초음파, 저방사선량 CT, 선별적인 영상초음파를 통합하는 

프로토콜은 9.7%의 음성충수절제율, 93.6%의 민감도, 93.7%의 특이도, 14.89의 

양성가능도비를 보였다. 

결론: 본 연구에서 제시된 프로토콜은 주목할 만큼 낮은 방사선량으로 

응급실에서 소아 급성충수염의 진단에 유용한 것으로 판단된다. 저방사선량 CT 

시행 이후에도 진단에 이르지 못한 경우 추가적인 영상초음파가 도움이 될 수 

있다.  
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