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ABSTRACT 

Diagnostic imaging utilization in 

cases of acute appendicitis: multi-

center experience 

 

Ji Hoon Park 

The Department of Radiology 

The Graduate school 

Seoul National University 

 

Introduction: The purpose of this cross-sectional study was to 

measure imaging utilization rates and the negative appendectomy 

rate (NAR) in metropolitan Seoul, Korea. 

Methods: The study included 2321 adolescents and adults (≥ 15 

years; median [interquartile range] age, 37 [27-50] years; 46.7% 

female) undergoing appendectomy in 2011 at eight tertiary and 

three secondary hospitals. 

Results: Imaging utilization rate was 99.7% (95% confidence 

interval, 99.4%-99.9%). CT and ultrasonography utilization rates 
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as an initial imaging modality were 93.1% (92.0%-94.1%), and 

6.5% (5.6%-7.6%), respectively. The NAR in patients undergoing 

CT only, complementary ultrasonography following CT, 

ultrasonography only, and complementary CT following 

ultrasonography were 3.3% (2.6%-4.1%), 27% (14%-44%), 9% 

(4%-16%), and 8% (2%-20%), respectively. The use of 

ultrasonography instead of CT as the initial imaging modality was 

significantly associated with higher NAR (adjusted odds ratio 

[AOR], 2.28 [1.22-4.27]; risk difference, 4.4 [0-8.8] percentage 

points), however, the population attributable risk was 0.3 [0-0.6] 

percentage points.  

Conclusions: We observed a very high CT utilization rate and a low 

NAR in metropolitan Seoul. Although the use of CT was 

significantly associated with the lower NAR, CT utilization rate 

already has reached the level that increase in CT utilization from 

the status quo would hardly decrease the NAR further. 

------------------------------------- 

Keywords: Appendicitis; Tomography, X-ray computed; 

Ultrasonography 

Student number: 2013-30543    
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INTRODUCTION 

Previous studies (1-7) consistently showed that increases 

in preoperative imaging utilization coincide with reductions in the 

negative appendectomy rate (NAR). The use of preoperative 

imaging in patients with suspected appendicitis is now accepted as 

the standard of practice in many developed countries. However, 

important questions still remain regarding how the imaging tests are 

being used and how they can be better used in practice. 

First, the generalizability of the previous studies is uncertain, 

mostly limited to single institutional studies conducted at leading 

academic centers in the United States. Considerable regional 

variations may exist in factors affecting imaging utilization patterns 

and the NAR, including reimbursement system, patient body habitus, 

and incidences of alternative diagnoses (8-10). Second, although 

several experimental (11) and observational (12, 13) studies as 

well as meta-analyses (14, 15) demonstrated that CT outperforms 

ultrasonography in terms of diagnostic performance, there has been 

no study directly comparing CT and ultrasonography in terms of 

clinical outcomes such as NAR and appendiceal perforation rate. 

Third, there has been no study capturing an overview of current 

imaging utilization patterns, in how the choice of CT versus 

ultrasonography is made for the initial imaging test, how often 

complementary ultrasonography (or CT) is needed following the 

initial CT (or ultrasonography), and how the imaging tests at each 
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of those steps affect clinical outcomes. Fourth, while powerful CT 

machines became widely available, studies have paid little attention 

to whether new CT techniques have been truly disseminated 

throughout clinical practice. Modern CT technology has enabled 

unprecedentedly superb visualization of the appendix with excellent 

through-plane resolution and multiplanar capability (16). Attempts 

have been also made to lower the radiation dose (9, 17). 

To this end, we investigated imaging utilization rates and the 

NAR in 2011 in metropolitan Seoul, Korea. 

 

MATERIALS AND METHODS 

The study included adolescents and adults undergoing non-

incidental appendectomy in 2011 at 11 hospitals in metropolitan 

Seoul. Data were collected from medical records as well as from 

questionnaires and interviews of site investigators by two study 

coordinators in conjunction with site investigators from November 

2012 through April 2013. 

 

Investigating sites 

We invited all members of the Korean Society of Abdominal 

Radiology (a nationwide society of abdominal radiologists) from 119 

hospitals (including 67 in metropolitan Seoul [Seoul and Gyeonggi]) 

to participate in this study. Finally, eight tertiary and three 
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secondary hospitals with a median bed number of 800 (range, 554-

1,950) participated in the study (Appendix Fig. 1, Appendix Table 

1). All hospitals were located in metropolitan Seoul, and accounted 

for 18% of the 63 hospitals having 300 or more beds in 

metropolitan Seoul (18) where 40,000 appendectomies are 

performed annually from a total population of 21 million (19). 

 

Patients 

We included patients with 15 years of age or older who 

visited the site emergency departments and then underwent non-

incidental appendectomies from January through December 2011. 

The site investigators initially searched hospital information 

systems to identify patients who visited the emergency 

departments and then underwent appendectomy, cecectomy, or 

ileocecectomy. In this study, cecectomy and ileocecectomy as well 

as simple appendectomy performed for the treatment of 

presumptive appendicitis were collectively termed non-incidental 

appendectomy. Through medical record review, the study 

coordinators then excluded cases of incidental appendectomy, age 

under 15 years, or pregnant women (Fig. 1).  
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Fig. 1. Study flow diagram. 

APR indicates appendiceal perforation rate; cCT, complementary 

computed tomography; cUS, complementary ultrasonography; iCT, 

initial computed tomography; iUS, initial ultrasonography; NAR, 

negative appendectomy rate.  

Cases with unavailable computed tomography (n = 106) or 

ultrasonography (n = 67) reports were not included when 

calculating the sensitivities. When calculating the sensitivities, 

indeterminate results were counted as a positive diagnosis.  

*Includes one patient with a missing pathology report.  

†The order of the two imaging tests was unclear. 
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Patterns of patient care and imaging protocols 

We gathered the information using questionnaires and 

through interviews with site investigators (Appendix). 

 

Imaging utilization rates 

The analysis included all imaging examinations performed at 

the sites or at outside hospitals before the patient transfer to the 

site emergency departments. The imaging utilization rate was 

defined as the percentage of any preoperative cross-sectional 

imaging utilization in all non-incidental appendectomies (1, 3, 5, 

20). CT utilization rate was defined as the percentage of CT 

utilization as the initial imaging modality for all non-incidental 

appendectomies. Similarly, ultrasonography utilization rate was 

measured. Our definition of CT (or ultrasonography) utilization rate 

may be different from those in previous studies (2-4) which are 

likely to have included complementary CT (or ultrasonography) 

following initial ultrasonography (or CT). 

 

Negative appendectomy rate (NAR) 

NAR was defined as the percentage of uninflamed 

appendices in all non-incidental appendectomies (9). The study 

coordinators determined the presence of appendicitis based on clear 

documentation of appendicitis or neutrophil infiltration in the 
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appendiceal wall (21) in pathology reports. If neutrophilic collection 

was confined to the mucosa, the diagnosis was based on the 

documentation of mucosal ulcerations (22). Cases involving interval 

appendectomies were counted as cases of appendicitis even if such 

pathologic documentation was not present. Cases involving 

appendiceal diverticulitis were also counted as cases of appendicitis 

since the distinction between the two diseases is not clinically 

important and the two diseases commonly coexist (23, 24). 

 

Appendiceal perforation rate 

Appendiceal perforation rate was defined as the percentage 

of perforations in all confirmed appendicitis (2, 6, 9, 25). The study 

coordinators determined the presence of perforation based on 

spillage of the appendiceal contents, peritonitis, or abscess 

documented in surgical records; or appendiceal wall defect from 

transmural necrosis documented in pathologic reports (9). Even if 

such documentation was not present, cases undergoing interval 

appendectomies following percutaneous drainage procedures for 

periappendiceal abscesses were counted as perforations. 

 

Diagnostic sensitivities of imaging modalities 

At least 12 weeks after reviewing the pathologic reports and 

surgical records, the study coordinators categorized all available CT 

and ultrasonography reports by using a 3-point scale (grade 1, 
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absent; grade 2, indeterminate; or grade 3, present) for the 

diagnosis of appendicitis (Appendix Table 2). The diagnostic 

sensitivity was defined as the percentage of positive test results of 

confirmed appendicitis with two different thresholds: grades ≥ 2 

and only grade 3, as positive. We did not calculate diagnostic 

specificity, positive predictive value, or negative predictive value as 

our sample included only patients who underwent appendectomy. 

 

Statistical analysis 

The number of cases at the participating sites during the 

study period determined the sample size. All analyses were pre-

planned, except for the test for the interaction and the effect on the 

study population NAR. Univariable and multivariable subgroup 

analyses were performed by using logistic regression models 

involving generalized estimating equations to account for clustering 

effect by site. In the univariable subgroup analyses, we tested 

patient demographics, body mass index, time of presentation in the 

emergency department, the use of CT versus ultrasonography as 

the initial imaging modality, times needed for patient dispositions, 

mode of surgical approach, and site annual appendectomy volume. 

For multivariable models, covariates were selected by considering 

the potential causality and collinearity in a clinical context. Missing 

data were not included in the analysis. P values less than 0.05 were 

considered statistically significant. All statistical analyses were 
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performed using STATA version 12.1 (StataCorp, College Station, 

TX, USA). 

 

Ethics statement 

The institutional review boards at all investigating sites 

approved the study and waived the requirement for informed 

consent (IRB No. KUGH12252-001; AS12192; 13-009; B-

1301/188-113; DR13-01; SMC 2013-02-009-001; 

SCHBC_IRB_2013-11; 2013-009; 2013-02-07; 2013-I024; 

HYUH 2013-02-002-003).  

 

RESULTS 

Patient characteristics 

During the study period, 3,023 patients visited the site 

emergency departments and underwent appendectomy. This 

number accounted for 7.6% of total appendectomies in metropolitan 

Seoul during the same period (19). After excluding 702 patients 

according to the aforementioned criteria, 2,321 patients (46.7% 

female; median [interquartile range, IQR] age, 37 [27-50] years) 

were included (Fig. 1, Table 1). Of these patients, 323 had been 

included in other studies (9, 26). In 35 cases with original 

pathology reports inconclusive for the presence of appendicitis, site 

pathologists re-examined the primary tissue sections. Appendicitis 
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was confirmed in 2,226 patients, including 49 with appendiceal 

diverticulitis and 13 with appendiceal neoplasms complicated with 

appendicitis. One case missing the pathology report was not 

included in some subsequent analyses. 
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Table 1. Patient characteristics  

Characteristics 
Patients iCT** iUS†† 

(n = 2321) (n = 2160) (n = 152) 

Age, y    

 Median (IQR) 37 (27-50) 37 (27-50) 32 (23-46) 

 15-44, n (%) 1513 (65.2) 1396 (64.6) 111 (73.0) 

 ≥ 45, n (%) 808 (34.8) 764 (35.4) 41 (27.0) 

Female, n (%) 1083 (46.7) 993 (46.0) 87 (57.2) 

Reproductive female, n (%)* 690 (29.7) 624 (28.9) 64 (42.1) 

Body mass index, kg/m2†    

 Median (IQR) 22.8 (20.6-

25.0) 

22.8 (20.7-

25.1) 

21.8 (19.8-

24.1) 

 Underweight (< 18.5), n (%) 170 (7.3) 152 (7.0) 18 (11.8) 

 Normal (18.5-24.9), n (%) 1540 (66.4) 1432 (66.3) 103 (67.8) 

 Overweight (25.0-29.9), n (%) 496 (21.4) 469 (21.7) 24 (15.8) 

 Obesity (≥ 30.0), n (%) 86 (3.7) 82 (3.8) 4 (2.6) 

 Missing, No (%) 29 (1.2) 25 (1.2) 3 (2.0) 

Time of presentation in emergency 

department 

   

 Working hours, n (%)‡ 767 (33) 680 (31.5) 82 (54.0) 

 After hours, n (%) 1554 (67.0) 1480 (68.5) 70 (46.1) 

Time to appendectomy, hr§¶    

 Median (IQR) 6.6 (4.3-

11.6) 

6.7 (4.4-

11.7) 

5.0 (3.5-

8.7) 

 < 6, n (%) 1035 (45.0) 941 (44.0) 88 (58.3) 

 6-12, n (%) 740 (32.2) 697 (32.6) 40 (26.5) 

 ≥ 12, n (%) 523 (22.8) 500 (23.4) 23 (15.2) 

Mode of surgical approach    

 Laparoscopy, n (%) 1567 (67.5) 1477 (68.4) 82 (54.0) 

 Open, n (%) 721 (31.1) 653 (30.2) 67 (44.1) 

 Conversion, n (%) 33 (1.4) 30 (1.4) 3 (2.0) 
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Table 1. Patient characteristics (continued) 

Characteristics 
Patients iCT** iUS†† 

(n = 2321) (n = 2160) (n = 152) 

Time to discharge, d||¶ 

 Median (IQR) 3.8 (2.9-

5.4) 

3.8 (2.9-

5.6) 

3.9 (2.9-

5.1) 

 < 4, n (%) 1238 (53.9) 1150 (53.8) 82 (54.3) 

 ≥ 4, n (%) 1060 (46.1) 988 (46.2) 69 (45.7) 

*15-44 y. 
†Weight in kilograms divided by the square of height in meters. 
‡8:00 AM to 5:00 PM on working days. 
§Defined as the interval from the emergency department visit to the induction of 

anesthesia for appendectomy. 
∥Defined as the interval from the emergency department visit until hospital 

discharge. 
¶Does not include 23 cases of interval appendectomy. 
**Patients who underwent CT initially 
††Patients who underwent ultrasonography initially 

IQR, interquartile range. 
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Pattern of patient care 

The typical pattern of patient care at the sites is described 

in Appendix, including the number of doctors involved in the patient 

care (Appendix Table 3). Although the practice pattern was not 

uniform across the sites, the variations were deemed minor. 

 

CT imaging protocols 

Intravenous contrast-enhanced CT examinations of the 

abdomen and pelvis were performed using 8- or more detector-

row machines. No site had any CT order or automated scan 

program dedicated to appendicitis imaging. Ten sites acquired 

precontrast and/or arterial phase scans in addition to a portal 

venous phase scan. All sites used fixed tube potentials: 120 kVp at 

10 sites and 100 kVp at one site. One site did not use automatic 

tube current modulation for all patients and two sites used iterative 

reconstructions. Image thicknesses for primary interpretation 

ranged from 3 mm to 5 mm. Only one site used overlapping image 

reconstruction. Nine sites reconstructed additional thin (≤ 2 mm) 

sections. All sites used additional coronal reformation. According to 

the site investigators’ responses to the questionnaire, the typical 

effective dose of the CT radiation for an average-sized patient 

varied widely, 8 mSv at one site, exceeding 10 mSv at 10 sites and 

exceeding 20 mSv at two sites (Table 2). 
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Table 2. CT imaging protocols 

Imaging Parameters 
Sites  

(n = 11)
Number of detector rows 

8 1 

16 1 

64 4 

16 or 64 4 

16, 64, or 256 1 

Number of contrast-enhancement phases 

1 (Portal venous only) 1 

2 (Precontrast and portal venous) 6 

3 (Precontrast, arterial, and portal venous) 2 

1 or 2* 2 

Tube potential, kVp 

100 1 

120 10 

Automatic tube current modulation 

Used 10 

Partly used* 1 

Iterative reconstruction 

Used 1 

Partly used* 1 

Not used 9 

Transverse image reconstruction thickness, mm

3  1 

3.75  1 

5  7 

3 or 5† 1 

4 or 5* 1 
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Table 2. CT imaging protocols (continued) 

Imaging Parameters 
Sites 

(n = 11)

Reconstruction overlap, % 

 None 10 

 20 or 25* 1 

Additional transverse thin section (≤ 2 mm) 

reconstruction 
 

Used 9 

Not used 2 

Typical effective dose, mSv 

< 10 1 

< 10 or 10-20* 2 

1- 20 6 

 ≥ 20 2 

No site had any CT order or automated scan program dedicated to appendicitis 

imaging. All sites used intravenous contrast agents. No site used oral or rectal 

contrast agent. The scan range covered the entire abdomen and pelvis at all sites. 

All sites used additional coronal reformation.  
*Varied with machine within a site. 
†Varied with contrast-enhancement phase within a CT examination. 

CT, computed tomography
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Imaging utilization rates 

Imaging utilization rate was 99.7% (95% confidence interval 

[CI], 99.4%-99.9%; 2,315/2,321). CT was the initial imaging 

modality for 2,160 patients (CT utilization rate, 93.1% [95% CI, 

92.0%-94.1%]), 37 (1.7% [95% CI, 1.2%-2.4%]) of whom 

underwent subsequent complementary ultrasonography. 

Ultrasonography was the initial imaging modality for 152 patients 

(ultrasonography utilization rate, 6.5% [95% CI, 5.6%-7.6%]), 40 

(26.3% [95% CI, 19.5%-34.1%]) of whom underwent subsequent 

complementary CT. In three of the patients who underwent both CT 

and ultrasonography at outside hospitals, the order of the two 

imaging examinations was unclear. No patient underwent magnetic 

resonance imaging. Imaging utilization rates for individual sites and 

imaging utilization rate adjusted for clustering by site are available 

in Appendix Table 4. In 238 patients, 214 CT and 31 

ultrasonography examinations were performed at outside hospitals 

(Appendix Table 5).  

As virtually all patients underwent CT or ultrasonography, 

the subgroup analysis results are presented only for 

ultrasonography utilization rates. Only small differences were 

observed between subgroups. Relatively higher ultrasonography 

usage was associated with younger age, female gender, 

presentation during working hours, and open surgery in the 

univariable analysis; and with younger age (adjusted odds ratio 
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[AOR], 1.54; 95% CI, 1.04-2.27; P = 0.029), female gender (AOR, 

1.60; 95% CI, 1.12-2.27; P = 0.009), and presentation during 

working hours (AOR, 2.54; 95% CI, 1.79-3.61; P < 0.001) in the 

multivariable analysis (Table 3). 
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Table 3. Subgroup analysis for the ultrasonography utilization rate 

Variable 
Ultrasonography Utilization Rate, % 

(95% CI) [Numerator/Denominator]*

Univariable Analysis, 

OR (95% CI) 

Multivariable Analysis, 

AOR (95% CI) 

Age, year 

15-44 7.3 (6.1-8.8) [111/1,513] 1.49 (1.01-2.18) 1.54 (1.04-2.27) 

≥ 45 5.1 (3.7-6.8) [41/808] 1 [Reference] 1 [Reference] 

Sex 

Male 5.3 (4.1-6.6) [65/1,238] 1 [Reference] 1 [Reference] 

Female 8.0 (6.5-9.8) [87/1,083] 1.62 (1.14-2.29) 1.60 (1.12-2.27) 

Reproductive female ... 

Female 15-44 y 9.3 (7.2-11.7) [64/690] 1.85 (1.30-2.64) 

Others 5.4 (4.3-6.6) [88/1,631] 1 [Reference] 

Body mass index, kg/m2† 

Underweight (< 18.5) 11 (6-16) [18/170] 1.65 (0.96-2.84) 1.46 (0.85-2.51) 

Normal (18.5-24.9) 6.7 (5.5-8.1) [103/1,540] 1 [Reference] 1 [Reference] 

Overweight (25.0-29.9) 4.8 (3.1-7.1) [24/496] 0.70 (0.44-1.13) 0.82 (0.51-1.32) 

Obesity (≥ 30.0) 5 (1-11) [4/86] 0.64 (0.22-1.89) 0.66 (0.23-1.89) 

Missing 10 (2-27) [3/29] NA NA 
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Table 3. Subgroup analysis for the ultrasonography utilization rate (continued) 

Variable 
Ultrasonography Utilization Rate, % 

(95% CI) [Numerator/Denominator]* 

Univariable Analysis, 

OR (95% CI) 

Multivariable Analysis, 

AOR (95% CI) 

Time of presentation in emergency 

department    

Working hours‡ 10.7 (8.6-13.1) [82/767] 2.47 (1.75-3.50) 2.54 (1.79-3.61) 

After hours  4.5 (3.5-5.7) [70/1,554] 1 [Reference] 1 [Reference] 

Time to appendectomy, hr§¶ ... 

< 6 8.5 (6.9-10.4) [88/1,035] 1 [Reference] 

6-12 5.4 (3.9-7.3) [40/740] 0.63 (0.42-0.94) 

≥ 12 4.4 (2.8-6.5) [23/523] 0.56 (0.35-0.90) 

Mode of surgical approach ... 

Laparoscopy  5.2 (4.2-6.5) [82/1,567] 1 [Reference] 

Open  9.3 (7.3-11.7) [67/721] 1.52 (1.02-2.26) 

Conversion 9 (2-24) [3/33] 1.82 (0.56-5.96) 

Time to discharge, d||¶ ... 

< 4 6.6 (5.3-8.2) [82/1,238] 1.12 (0.79-1.59) 

≥ 4 6.5 (5.1-8.2) [69/1,060] 1 [Reference] 
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Table 3. Subgroup analysis for the ultrasonography utilization rate (continued) 

Variable 
Ultrasonography Utilization Rate, % 

(95% CI) [Numerator/Denominator]*

Univariable Analysis, 

OR (95% CI) 

Multivariable Analysis, 

AOR (95% CI) 

Site annual appendectomy volume** 

< 240 5.1 (3.9-6.5) [57/1,120] 1 [Reference] 1 [Reference] 

≥ 240  7.9 (6.4-9.6) [95/1,201] 1.42 (0.82-2.43) 1.30 (0.78-2.16) 

Numerators do not include three patients who underwent both CT and ultrasonography where the order of imaging was unclear. Ellipsis 

indicates that the variable was not tested in the multivariable analysis.  

*Defined as the percentage of ultrasonography utilization for an initial imaging test of all non-incidental appendectomies. 

†Weight in kilograms divided by the square of the height in meters. 

‡8:00 AM to 5:00 PM on working days. 

§Defined as the interval from the emergency department visit to the induction of anesthesia for appendectomy. 

∥Defined as the interval from the emergency department visit until hospital discharge. 

¶Does not include 23 cases of interval appendectomy. 

**Number of patients included in the study. 

AOR, adjusted odds ratio; CI, confidence interval; NA, not applicable; OR, odds ratio.
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NAR  

The overall NAR was 4.1% (95% CI, 3.3%-4.9%; 

94/2,320). If 15 cases of appendiceal neoplasms without 

appendicitis were excluded from the negative appendectomies, the 

NAR would decrease to 3.4% (95% CI, 2.7%-4.2%). NARs for 

individual sites and the overall NAR adjusted for clustering by site 

are available in Appendix Table 6. The NAR in patients who 

underwent CT only was 3.3% (95% CI, 2.6%-4.1%). Higher 

NARs were observed in patients who underwent ultrasonography 

only (9% [95% CI, 4%-16%]) as well as in patients who required 

complementary ultrasonography following initial CT (27% [95% CI, 

14%-44%]) or complementary CT following initial 

ultrasonography (8% [95% CI, 2%-20%]) (Fig. 1).  

Only small differences in NAR were observed between 

subgroups. In the univariable analysis, higher NARs were 

associated with the use of ultrasonography as the initial imaging 

modality and with longer hospitalization. Although not statistically 

significant, underweight patients tended to have more negative 

appendectomies. In the multivariable analysis, the use of 
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ultrasonography instead of CT as the initial imaging modality was 

significantly associated with the higher NAR (AOR, 2.28; 95% CI, 

1.22-4.27; P = 0.010) (Table 4). No significant interaction was 

observed between the use of initial ultrasonography and other 

factors. 
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Table 4. Subgroup analysis for the negative appendectomy rate 

Variable 

Negative Appendectomy Rate 

Percentage, % (95% CI) 

[Numerator/Denominator]* 

Univariable Analysis, 

OR (95% CI) 

Multivariable Analysis, 

AOR (95% CI) 

Age, year 

15-44 4.3 (3.3-5.4) [65/1,512] 1.21 (0.77-1.90) 1.15 (0.73-1.83) 

≥ 45 3.6 (2.4-5.1) [29/808]  1 [Reference] 1 [Reference] 

Sex 

Male 4.0 (2.9-5.2) [49/1,238] 1 [Reference] 1 [Reference] 

Female 4.2 (3.0-5.5) [45/1,082] 1.05 (0.70-1.60) 1.03 (0.67-1.58) 

Reproductive female ... 

Female 15-44 y 4.6 (3.2-6.5) [32/689]  1.24 (0.80-1.92) 

Others 3.8 (2.9-4.8) [62/1,631] 1 [Reference] 

Body mass index, kg/m2† 

Underweight (< 18.5) 7 (4-12) [12/170] 1.94 (1.02-3.70) 1.81 (0.94-3.48) 

Normal (18.5-24.9) 3.8 (2.9-4.8) [58/1,539] 1 [Reference] 1 [Reference] 

Overweight (25.0-29.9) 3.6 (2.2-5.7) [18/496]  0.96 (0.56-1.65) 1.01 (0.58-1.75) 

Obesity (≥ 30.0) 6 (2-13) [5/86]  1.57 (0.61-4.03) 1.61 (0.62-4.13) 

Missing 3 (0-18) [1/29] NA NA 
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Table 4. Subgroup analysis for the negative appendectomy rate (continued) 

Variable 

Negative Appendectomy Rate 

Percentage, % (95% CI) 

[Numerator/Denominator]* 

Univariable Analysis, 

OR (95% CI) 

Multivariable Analysis, 

AOR (95% CI) 

Time of presentation  

Working hours‡ 5.1 (3.6-6.9) [39/767]  1.45 (0.95-2.21) 1.42 (0.92-2.19) 

After hours  3.5 (2.7-4.6) [55/1,553] 1 [Reference] 1 [Reference] 

Initial imaging test 

CT 3.7 (2.9-4.6) [80/2,159] 1 [Reference] 1 [Reference] 

Ultrasonography 9 (5-14) [13/152] 2.42 (1.31-4.48) 2.28 (1.22-4.27) 

None 0 (0-46) [0/6] NA NA 

Unclear 33 (0-91) [1/3]  NA NA 

Time to appendectomy, hr§¶ 

< 6 3.4 (2.4-4.7) [35/1,034] 1 [Reference] 

6-12 3.9 (2.6-5.6) [29/740]  1.17 (0.70-1.96) 

≥ 12 5.7 (3.9-8.1) [30/523] 1.83 (1.09-3.08) 
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Table 4. Subgroup analysis for the negative appendectomy rate (continued) 

Variable 

Negative Appendectomy Rate 

Percentage, % (95% CI) 

[Numerator/Denominator]* 

Univariable Analysis, 

OR (95% CI) 

Multivariable Analysis, 

AOR (95% CI) 

Mode of surgical approach ... 

Laparoscopy 4.0 (3.1-5.1) [63/1,566] 1 [Reference] 

Open 3.9 (2.6-5.6) [28/721]  0.90 (0.54-1.50) 

Conversion 9 (2-24) [3/33]  2.35 (0.69-7.98) 

Time to discharge, d∥¶ ... 

< 4 2.8 (2.0-3.9) [35/1,237] 1 [Reference] 

≥ 4 5.6 (4.3-7.1) [59/1,060] 2.04 (1.33-3.12) 

Site annual appendectomy volume** 

< 240 4.4 (3.3-5.7) [49/1,119] 1.31 (0.72-2.37) 1.28 (0.86-1.93) 

≥ 240  3.7 (2.7-5.0) [45/1,201] 1 [Reference] 1 [Reference] 

Ellipsis indicates that the variable was not tested in the multivariable analysis.  

*Does not include one case with a missing pathology report. 

†Weight in kilograms divided by the square of the height in meters. 

‡8:00 AM to 5:00 PM on working days. 
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§Defined as the interval from the emergency department visit to the induction of anesthesia for appendectomy. 

∥Defined as the interval from the emergency department visit until hospital discharge. 

¶Does not include 23 cases of interval appendectomy. 

**Number of patients included in the study. 

AOR, adjusted odds ratio; CI, confidence interval; CT, computed tomography; NA, not applicable or unable to calculate; OR, odds ratio 
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Effect of the initial imaging modality on the 

population NAR 

From the AOR, we estimated the effect (27). If 

ultrasonography instead of CT was used as the initial imaging 

modality in every 1,000 patients, there would be 44 additional 

negative appendectomies (risk difference, 4.4 [95% CI, 0-8.8] 

percentage points). 56% (95% CI, 18%-77%) of negative 

appendectomies that occurred following initial ultrasonography 

were attributable to choosing ultrasonography instead of CT as 

the initial imaging modality (attributable fraction).  

With the very high imaging utilization rate and 

overwhelming preference of CT to ultrasonography in our results, 

the use of ultrasonography instead of CT would be responsible for 

three additional negative appendectomies in every 1,000 patients 

in the study population (population attributable risk, 0.3 [95% CI, 

0-0.6] percentage points). Similarly, it would be responsible for 

8% (95% CI, 0%-15%) of all negative appendectomies in the 

study population (population attributable fraction) (Table 5). 
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Table 5. Effect of the initial imaging modality on the population 

NAR 

Measures of 

the Effect 
Definition 

Values (95% 

CI) 

Risk 

difference 

The difference of the risk of negative 

appendectomy between the patients who 

underwent CT initially and the patients 

who underwent US initially.  

4.4 percentage 

points (0-8.8 

percentage 

points) 

Attributable 

fraction 

The proportion of negative appendectomy 

in the patients who underwent US initially 

that is attributable to the fact that they 

underwent US initially. 

56 % (18%-

77%) 

Population 

attributable 

risk 

The difference of the risk of negative 

appendectomy between the whole 

patients and the patients who underwent 

CT initially.  

0.3 percentage 

points (0-0.6 

percentage 

points) 

Population 

attributable 

fraction 

The proportion of negative appendectomy 

in the whole patients that is attributable to 

the fact that they underwent US initially. 

8 % (0%-15%) 

Values were adjusted for multivariable estimation and clustering effect by sites. 

CI, confidence interval; CT computed tomography; US ultrasonography.
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Appendiceal perforation rate 

The overall appendiceal perforation rate was 31.9% (95% CI, 

30.0%-33.9%; 710/2,226). The appendiceal perforation rate at 

each step of the imaging work-up is detailed in Fig. 1 Appendiceal 

perforation rates for individual sites and the overall appendiceal 

perforation rate adjusted for clustering by site are available in 

Appendix Table 6. The appendiceal perforation rate was particularly 

low in patients who underwent CT and then complementary 

ultrasonography (7% [95% CI, 1%-24%]).  

Higher appendiceal perforation rates were associated with 

older age, male gender, presentation during working hours, mode of 

surgical approach, and longer hospitalization in the univariable 

analysis; and with older age (AOR, 2.40; 95% CI, 1.96-2.94; P < 

0.001), male gender (AOR, 1.31; 95% CI, 1.08-1.59; P = 0.006), 

and presentation during working hours (AOR, 1.25; 95% CI, 1.02-

1.54; P = 0.030) in the multivariable analysis (Table 6). The choice 

between CT and ultrasonography as the initial imaging modality was 

not significantly associated with appendiceal perforation in 

univariable (odds ratio, 1.18; 95% CI, 0.81-1.72) or multivariable 

(AOR, 1.11; 95% CI, 0.74-1.66) analysis.
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Table 6. Subgroup analysis for the Appendiceal Perforation Rate 

Variable 
Appendiceal Perforation Rate 

Percentage, % (95% CI) 
[Numerator/Denominator]* 

Univariable Analysis, 
OR (95% CI) 

Multivariable Analysis, 
AOR (95% CI) 

Age, year 

15-44 25.2 (22.9-27.5) [364/1,447] 1 [Reference] 1 [Reference] 

≥ 45 44.4 (40.9-48.0) [346/779] 2.42 (2.00-2.92) 2.40 (1.96-2.94) 

Sex 

Male 34.6 (31.9-37.3) [411/1,189] 1.28 (1.07-1.53) 1.31 (1.08-1.59) 

Female 28.8 (26.1-31.7) [299/1,037] 1 [Reference] 1 [Reference] 

Reproductive female ... 

Female 15-44 y 23.1 (20.0-26.6) [152/657] 1 [Reference] 

Others 35.6 (33.2-38.0) [558/1,569] 1.83 (1.48-2.25) 

Body mass index, kg/m2† 

Underweight (< 18.5) 29 (22-37) [46/158] 0.95 (0.67-1.36) 1.08 (0.74-1.57) 

Normal (18.5-24.9) 30.9 (28.6-33.3) [458/1,481] 1 [Reference] 1 [Reference] 

Overweight (25.0-29.9) 34.7 (30.5-39.2) [166/478] 1.18 (0.95-1.47) 1.03 (0.82-1.30) 

Obesity (≥ 30.0) 32 (22-43) [26/81] 1.06 (0.66-1.70) 1.10 (0.66-1.81) 

Missing 50 (31-69) [14/28] NA NA 

Time of presentation     

Working hours‡ 37.0 (33.4-40.6) [269/728] 1.34 (1.11-1.62) 1.25 (1.02-1.54) 

After hours  29.4 (27.1-31.8) [441/1,498] 1 [Reference] 1 [Reference] 
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Table 6. Subgroup analysis for the Appendiceal Perforation Rate (continued) 

Variable 
Appendiceal Perforation Rate 

Percentage, % (95% CI) 
[Numerator/Denominator]* 

Univariable Analysis, 
OR (95% CI) 

Multivariable Analysis, 
AOR (95% CI) 

Initial imaging test 

CT 32.1 (30.1-34.1) [667/2,079] 1.18 (0.81-1.72) 1.11 (0.74-1.66) 

Ultrasonography 29 (21-37) [40/139] 1 [Reference] 1 [Reference] 

None 50 (12-88) [3/6] NA NA 

Unclear 0 (0.0-84) [0/2] NA NA 

Time to appendectomy, hr§¶    

< 6 32.6 (29.7-35.6) [326/999] 1 [Reference] 1 [Reference] 

6-12 31.1 (27.7-34.6) [221/711] 0.96 (0.78-1.19) 0.95 (0.76-1.18) 

≥ 12 28.4 (24.5-32.6) [140/493] 0.89 (0.70-1.13) 0.95 (0.73-1.22) 

Mode of surgical approach ... 

Laparoscopy 28.6 (26.3-31.0) [430/1,503] 1 [Reference] 

Open 37.1 (33.5-40.8) [257/693] 1.50 (1.19-1.89) 

Conversion 77 (58-90) [23/30] 7.61 (3.31-17.50) 

Time to discharge, d∥¶ ... 

< 4 12.0 (10.2-14.0) [144/1,202] 1 [Reference] 

≥ 4 54.2 (51.1-57.4) [543/1,001] 8.56 (6.81-10.76) 
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Table 6. Subgroup analysis for the Appendiceal Perforation Rate (continued) 

Variable 
Appendiceal Perforation Rate 

Percentage, % (95% CI) 
[Numerator/Denominator]* 

Univariable Analysis, 
OR (95% CI) 

Multivariable Analysis, 
AOR (95% CI) 

Site annual appendectomy volume**    

< 240 32.6 (29.8-35.5) [349/1,070] 1.29 (0.65-2.56) 1.22 (0.60-2.49) 

≥ 240  31.2 (28.6-34.0) [361/1,156] 1 [Reference] 1 [Reference] 

Ellipsis indicates that the variable was not tested in the multivariable analysis.  
*Does not include one case with a missing pathology report. 
†Weight in kilograms divided by the square of the height in meters. 
‡8:00 AM to 5:00 PM on working days. 
§Defined as the interval from the emergency department visit to the induction of anesthesia for appendectomy. 
∥Defined as the interval from the emergency department visit until hospital discharge. 
¶Does not include 23 cases of interval appendectomy. 
**Number of patients included in the study. 

AOR, adjusted odds ratio; CI, confidence interval; CT, computed tomography; NA, not applicable or unable to calculate; OR, odds ratio 
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Diagnostic sensitivities of imaging modalities 

With the indeterminate results counted as positives and 

negatives, the respective sensitivities were 96.4% (95% CI, 

95.5%-97.2%) and 94.0% (95% CI, 92.8%-95.0%; 1,858/1,977) 

for CT as the initial imaging modality, and 100% (95% CI, 95%-

100%) and 92% (95% CI, 84%-97%; 70/76) for ultrasonography as 

the initial imaging modality, respectively (Fig. 1). The sensitivities 

for individual sites and overall sensitivities adjusted for clustering 

by site are available in Appendix Table 7. The subgroup analysis 

results are available in Appendix Table 8. 

 

DISCUSSION 

We attempted to capture an overview of diagnostic imaging 

pathways and clinical outcomes in patients undergoing 

appendectomy in one of the most densely populated areas in the 

world (28). The imaging utilization rate was 99.7%, indicating that 

virtually all patients undergoing appendectomy underwent 

preoperative imaging tests, regardless of whether they had typical 

or equivocal presentations. The rate appears slightly higher than 

those in 2006-2011 reported from the United States (ranging from 

93% to 98%) (1, 3-5). The minor difference may be associated 

with regional differences in reimbursement system and incidences 

of alternative diagnoses, (8, 9) in addition to our inclusion of 

outside imaging tests, of which consideration was unclear in 
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previous studies (1, 3, 5). 

In our results, CT was used as much as 15 times more 

frequently than ultrasonography as the initial imaging modality, 

comparable to the ratio in the multi-institutional study from 

Washington State (91% vs 9%) (2). The overwhelming preference 

for CT over ultrasonography may be common in other developed 

countries. CT performed with modern machines outperforms 

ultrasonography in terms of rapidity, diagnostic accuracy, and 

provision of alternative diagnoses (10, 29, 30). 

The overall NAR was 4.1%, comparable to those in 2006-

2007 from leading academic centers in the United States (ranging 

from 1.7% to 7.1%) (1, 4, 5) and that in 2011 in Washington State 

(approximately 4.5%) (3). Importantly, our multivariable analysis 

revealed that the use of CT instead of ultrasonography as the initial 

imaging modality significantly decreased NAR. The similar trend 

can be found in the data from the Washington State study (3), 

although no formal comparison was made in that study. The NARs 

according to different diagnostic imaging pathways in our results 

(Fig. 1) also imply that the use of CT, whether as an initial or 

complementary modality, is a strong determinant of a lower NAR. 

 Nevertheless, we are not claiming additional increase of CT 

utilization. Despite the considerable risk difference and attributable 

fraction, additional CT utilization would only marginally decrease 

the NAR further in the population, because virtually all patients are 
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already undergoing preoperative imaging and CT is overwhelmingly 

preferred to ultrasonography. Had all patients undergone initial CT, 

only three negative appendectomies for every 1,000 patients, or 8% 

of all negative appendectomies, would be additionally avoided from 

the status quo in the study population. This minute reduction in the 

NAR may not be meaningful, as the NAR we observed was already 

as low as 4.1%, considerably lower than reported historically (1, 3-

5). We believe our observation can be generalized to other areas 

having high CT utilization rates similar to ours. In contrast, areas 

where CT is currently underutilized may have a greater margin for 

the NAR reduction by means of increased utilization of CT. 

 On the other hand, concerns should be noted rather 

regarding the CT radiation. The typical effective doses at the sites 

often exceeded the reference doses frequently quoted for abdomen 

and pelvis CT (7-10 mSv) (31-33). This discrepancy may be 

common in many CT applications besides appendicitis (34). The 

typical effective dose exceeded 10 mSv or even 20 mSv at some 

sites, being close to the range where epidemiologic evidences exist 

for significant carcinogenic risk (35, 36). Even at the lowest typical 

dose across the sites (8 mSv), exposure at the age of 30 years has 

been estimated to result in a lifetime excess risk of 63 and 72 

cancers per 100,000 male and female patients, respectively (9, 37). 

More than 40,000 and 250,000 appendectomies are performed 

annually in metropolitan Seoul (19) and in the United States (38), 
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respectively. Very high CT utilization rates and even greater 

numbers of CT examinations performed in patients who do not 

finally undergo appendectomy (9, 39) may imply real occurrence of 

cancer in the future in the populations having normal life 

expectancy. 

Therefore, it is now necessary to consider the radiation 

dose, in addition to the CT utilization rate and NAR, as an index of 

quality of care. Hopefully, a diagnostic guideline should be 

established to determine which patients do not need CT. Efforts are 

needed to optimize and standardize CT imaging protocols across 

hospitals by discarding unnecessary scan phases (40) and 

disseminating low-dose CT techniques (9). 

Although we observed comparable diagnostic sensitivities 

between CT and ultrasonography, our results need cautious 

interpretation. A considerable number of cases with unavailable 

reports were not included in the sensitivity calculations. 

Ultrasonography was used relatively more in subgroups that were 

more amenable to ultrasonography, who were younger female or 

presented in working hours. In general, CT is known to be better 

than ultrasonography in terms of diagnostic performance (14, 15). 

Our study had limitations. First, our site recruitment relied 

on voluntary participation, limiting study generalizability. The 

participating sites potentially had greater study motivation and more 

extensive hospital resources than did hospitals not participating. 
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Second, as a limited number of patients underwent initial 

ultrasonography, we were unable to explore in which patients 

ultrasonography instead of CT would suffice as the initial imaging 

modality. Likewise, we were unable to explore which patients do 

not even require any imaging examination. Third, as our study 

sample consisted of patients who underwent appendectomy, we 

were unable to measure the overall imaging utilization pattern in 

patients having suspected appendicitis. Fourth, we did not analyze 

alternative diagnoses, as it was unfeasible to form reasonable 

reference standards in many diagnosis categories. 

We observed a very high CT utilization rate and a low NAR 

in metropolitan Seoul, similar to those recently reported from the 

United States. In these areas, CT utilization seems to have reached 

the level that further increase of CT utilization would not 

meaningfully reduce the NAR. Efforts now need to be directed to 

optimize and standardize CT imaging protocols and to reduce 

radiation dose. 
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Diagnostic imaging utilization in cases of acute 

appendicitis: multi-center experience 

Appendix 

 

1. Investigating sites 

We sent out a letter to all members of the Korean Society of 

Abdominal Radiology (a nationwide society of abdominal 

radiologists) from 119 hospitals in Korea (including 67 in 

metropolitan Seoul [Seoul and Gyeonggi]) to invite them to 

participate in this study. The initial requisites for study participation 

stated in the invitation were: (a) at least 50 non-incidental 

appendectomies had been performed annually in recent years, and 

(b) multidisciplinary services were provided for patients with 

suspected appendicitis 24 hours per day, seven days per week. As 

only 2 of 27 hospitals which responded to the invitation were 

located outside metropolitan Seoul, we decided to limit the study 

region to metropolitan Seoul with a total population of 21 million (1) 

and where 40,000 appendectomies were performed in 2011 (2). We 

then sent a second letter to the 25 hospitals in metropolitan Seoul 

to inform them of additional requisites for study participation and to 

solicit information regarding their practice patterns. Eleven 

hospitals responded to the second letter and participated in the 
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study (Appendix Table 1, Appendix Fig. 1). They were eight 

tertiary and three secondary hospitals with a median bed number of 

800 (range, 554-1950), accounting for 18% of the 63 hospitals 

having 300 or more beds and 26% of 42 hospitals having 500 or 

more beds in metropolitan Seoul in 2011 (3). 

 

Appendix Table 1. Number of beds and study patients per site 

Site Beds, No. 
Patients Included in the 

Study, No. 

Overall 9,557 2,321 

Site 1 689 667* 

Site 2 561 290 

Site 3 800 244 

Site 4 554 230 

Site 5 900 229† 

Site 6 749 166 

Site 7 1,034 142 

Site 8 1,950 130 

Site 9 920 105 

Site 10 840 71 

Site 11 560 47 
*Includes 320 patients included in another study (4). 
†Includes three patients included in another study (5). 
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Appendix Fig. 1—Locations of the 11 sites  

DMC indicates Daejin Medical Center (Bundang Jesaeng General 

Hospital); HUSHH, Hallym University Sacred Heart Hospital; 

HUKNHH, Hallym University Kangnam Sacred Heart Hospital; 

HYUH, Hanyang University Medical Center; KUASH, Korea 

University Ansan Hospital; KUGH, Korea University Guro Hospital; 

KDMC, Kwandong University College of Medicine; SMC, Samsung 

Medical Center; SNUBH, Seoul National University Bundang 

Hospital; SCHBC, Soonchunhyang University Bucheon Hospital; 

SCH, Soonchunhyang University Hospital. 
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2. Questionnaires for investigating sites 

The purpose of the questionnaires was to inform the site 

principal investigator (PI) of the requisites for study participation 

and to solicit information regarding practice patterns at the site. 

The questionnaires included the following: (2.1. Site Information, 

2.2. Requisites for study participation, and 2.3. Pattern of Patient 

Care). 

2.1. Site Information  

 Hospital name 

 Hospital address 

 Name of site principal investigator (PI) 

 Signature of site PI 

 Number of beds in the hospital 

 Annual number of appendectomies in recent years 

2.2. Requisites for study participation  

The site PI understands that the site can participate in the 

study only when the site meets all the following requisites: 

 At least 50 non-incidental appendectomies have been performed 

annually in recent years. 

 Multidisciplinary services were provided for patients with 

suspected appendicitis 24 hours per day, seven days per week 

during the study period. 

 The site PI should identify all patients who visited the emergency 

department and then underwent non-incidental appendectomies 
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during the study period. 

 The study coordinators and research associates should be 

privileged by relevant authorities, including the site Institutional 

Review Board, to review the medical records of the study 

patients. 

 The site PI should allocate adequate time and space for data 

collection, and allow study coordinators and their assistants 

access to all study-related documents and facilities. 

 The site PI should provide the numbers and experience levels of 

physicians, radiologists, surgeons, and pathologists involved in 

the care of the patients. 

 The site PI should provide the CT parameters and typical 

effective radiation dose used to examine the patients. 

 There should be clear documentation of the presence or absence 

of appendicitis in pathology reports in the patients. 

 In cases with pathology reports inconclusive for the presence of 

appendicitis, a site pathologist should re-examine the primary 

tissue sections. 

2.3. Pattern of Patient Care 

From each site, we solicited information on the patterns of 

patient care, including the doctors involved in patient care, initial 

clinical evaluation in the emergency department, determination of 

the need for imaging examination(s), CT machines and imaging 

parameters, typical effective radiation dose of CT examinations, 
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interpretation of imaging test(s), surgical plan, and discharge and 

follow-up protocol. In addition to the questionnaires, two or more 

interview sessions with site investigators were conducted for each 

site. The interviewees included, but were not limited to, an 

emergency department physician, a radiologist, a surgeon, a 

pathologist, and a radiology technologist who played major roles in 

patient care. The questions included: 

 Who initially evaluated patients with suspected appendicitis in the 

emergency department? Choose one or more from residents, 

fellows, attending physicians, or other (describe). 

 Who supervised the clinical evaluation in the emergency 

department? Choose one or more from residents, fellows, 

attending physicians, or other (describe). 

 Who determined the need for imaging test(s)? Choose one or 

more from emergency department residents, emergency 

department fellows, emergency department attending physicians, 

surgical residents, surgical fellows, attending surgeons, or other 

(describe). 

 Detail the CT imaging parameters. 

 What was the typical effective radiation dose of a CT scan for an 

average-sized patient, based on dose reports from CT machines? 

 Detail the ultrasonography procedure. Who performed the 

ultrasonography? 

 Who interpreted the CT and ultrasonography for the patients 
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during working hours? Choose one or more from radiology 

residents, fellows, attending radiologists, or other (describe). 

 Who interpreted the CT and ultrasonography performed after 

hours? Choose one or more from radiology residents, fellows, 

attending radiologists, or other (describe). 

 When were the on-call radiologists ’  preliminary reports 

verified by attending abdominal or emergency radiologists? 

 If the attending abdominal or emergency radiologists made any 

important changes to the preliminary report, did they 

immediately notify the referring physicians or surgeons so that 

the patient management could be changed? 

 Which surgeon first evaluated the patient? Choose one or more 

from surgical residents, surgical fellows, attending surgeons, or 

other (describe). 

 What general policy did the surgeons have in determining the 

surgical plan, discharge, and follow-up?
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3. Categorization of CT and ultrasonography reports 

The study coordinators retrospectively categorized the CT and ultrasonography reports using a 3-point scale for 

the diagnosis of appendicitis using the criteria in Appendix Table 2. 

  

Appendix Table 2. Categorization of CT and ultrasonography reports for the presence of appendicitis 

Grades Details 

Grade 1. Appendicitis absent Definite conclusion of the absence of appendicitis, or conclusion of the absence of appendicitis 

with a likelihood modifier such as 'possibly not', 'probably not', ‘less likely' and 'unlikely' 

Grade 2. Indeterminate Direct statement of equivocality of the diagnosis, or an equivalent probability of appendicitis and 

other diseases 

Grade 3. Appendicitis present Definite conclusion of the presence of appendicitis, or conclusion of the presence of appendicitis 

with a likelihood modifier such as 'possibly', 'probably' and 'likely' 

CT, computed tomography. 



 

 49

4. General pattern of patient care 

4.1. Doctors involved in patient care 

 The numbers and experience of attending and trainee 

doctors involved in patient care are provided in Appendix Table 3. 

 

Appendix Table 3. Doctors involved in patient care 

Doctors 

Department 

Emergency 

Medicine 
Radiology* Surgery† Pathology‡ 

Attending 44 (3) 33 (2) 80 (7) 54 (4) 

 

Experience after 

board certification, y     

< 5  14 (1) 3 (0) 12 (1) 9 (1) 

5-10 19 (2) 8 (1) 27 (2) 12 (0) 

≥ 11 11 (1) 22 (2) 41 (5) 33 (2) 

Fellow 17 (1) 8 (1) 19 (2) – 

Resident 81 (7) 76 (6) – – 

1-year 24 (2) 14 (1) – – 

2-year 21 (2) 27 (2) – – 

3-year 19 (2) 26 (2) – – 

 4-year 17 (1) 9 (0) – – 

Data are numbers of doctors.  

Numbers in parentheses are medians for sites. 
*Number of radiologists who performed or read the imaging tests for suspected 

appendicitis. The number of radiology residents includes only those who had duties 

after hours. 
†Number of surgeons who supervised the appendectomy. 
‡Number of pathologists who verified the pathologic reports. 

 

4.2. Clinical suspicion of appendicitis 

Because of the high prevalence of appendicitis, many 

physicians having different experience levels were involved in the 

clinical evaluation (4.1. Doctors involved in patient care). Typically, 

patients were initially evaluated by one of the emergency 
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department physicians, including attending physicians, fellows, and 

residents. Each of them, under the supervision of one of the 

attending physicians, performed history-taking and physical 

examination, determined the need and timing of diagnostic tests 

including imaging studies, contacted radiologists or surgeons for a 

consultative discussion, and determined the timing of hospital 

discharge. 

4.3. Need for imaging test(s) 

The need for imaging or other diagnostic tests was 

individualized for the patient at the discretion of the emergency 

department physicians in service. 

4.4. CT and ultrasonography techniques 

The imaging tests were performed as a part of the daily 

clinical practice at each site. Modern CT and ultrasonography 

machines were used at all sites. We did not investigate the 

machines or imaging techniques used for imaging tests performed at 

outside hospitals before the patient was transferred to the site 

emergency departments.  

 The CT scanners and imaging parameters from the 

individual sites are summarized in Table 2. 

 At all sites, ultrasonography examinations were typically 

performed by attending abdominal radiologists or senior radiology 

residents during working hours and by on-call radiologists after 

hours. The on-call radiologists were mostly residents at all sites. 
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At one site (Site 1), more than half of ultrasonography 

examinations were performed by emergency department physicians. 

The ultrasonography procedure typically included an evaluation of 

the abdomen and pelvic organs using a curvilinear transducer and 

then a thorough examination of the right lower quadrant with graded 

compression using a high-frequency linear transducer.  

4.5. Interpretation of imaging test(s) 

The imaging tests were interpreted as a part of daily clinical 

practice at each site. At all sites during working hours, the CT or 

ultrasonography reports were made by abdominal or emergency 

radiologists. Examinations performed after hours were given 

preliminary reports by on-call residents. Typically, all preliminary 

reports made by the on-call residents were revised or 

supplemented by one of the abdominal or emergency radiologists on 

the morning of the next working day. The referring physician or 

surgeon was immediately notified of any important changes in the 

report so that the patient ’ s management could be changed 

accordingly.  

Our analysis included only final reports. We were unable to 

separately analyze preliminary reports for two reasons. First, it was 

often unclear whether or not the preliminary report was changed or 

which part of the preliminary report was revised by the abdominal 

or emergency radiologists, as many sites did not have a strict policy 

of keeping the original preliminary report in their Radiology 
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Information Systems. However, it should be noted that the original 

preliminary report may have been more likely to affect patient 

disposition with regard to surgery. Second, because of the limited 

availability of abdominal radiologists around the clock, some of the 

addendum reports may have been made after patient disposition 

with regard to surgery. Therefore, the overall diagnostic 

sensitivities we measured may have been inflated to some extent.  

4.6. Surgery 

. At all sites, patients who potentially needed surgical 

exploration were referred to the surgical department. One of the 

surgical residents was typically the first surgeon to evaluate the 

patient, and the final decision to operate was approved by board-

certified surgeons who performed or supervised the surgery. The 

surgical plan was individualized for each patient as appropriate, 

including the need for preoperative percutaneous drainage of 

periappendiceal abscesses and the use of a laparoscopic approach 

4.7. Discharge and follow-up 

Typical criteria for hospital discharge following 

appendectomy were tolerance of a soft-blend meal, safe ambulation, 

and afebrile status without major complications. The short-term 

follow-up was generally scheduled around one to two weeks after 

appendectomy in outpatient clinics for the survey of complication 

and stitch-out. 
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5. Imaging utilization rates 

Imaging utilization rates for individual sites and overall rates adjusted for clustering by site are available in 

Appendix Table 4. 9.7% (213/2203) of the CT examinations and 16% (31/192) of the ultrasonography examinations 

were performed at outside hospitals before patient transfer to the site emergency departments (Appendix Table 5). 

 

Appendix Table 4. Overall imaging, CT, and ultrasonography utilization rates 

Investigating 

Site 

Imaging Utilization Rate, % (95% 

CI) [Numerator/Denominator]* 

CT Utilization Rate, % (95% CI) 

[Numerator/Denominator]† 

Ultrasonography Utilization Rate, % 

(95% CI) [Numerator/Denominator]‡ 

Overall 

(unadjusted) 
99.7 (99.4-99.9) [2,315/2,321] 93.1 (92.0-94.1) [2,160/2,321]§ 6.5 (5.6-7.6) [152/2,321]§ 

Overall 

(adjusted)∥ 
99.7 (99.4-100.0) [2,315/2,321] 93.4 (91.5-95.2) [2,160/2,321]§ 6.1 (4.2-8.1) [152/2,321]§ 

Site 1 99.9 (99.2-100) [666/667] 91.0 (88.6-93.1) [607/667] 8.8 (6.8-11.3) [59/667] 

Site 2 99.7 (98.1-100) [289/290] 89.7 (85.6-92.9) [260/290] 10.0 (6.8-14.0) [29/290] 

Site 3 100 (98.5-100) [244/244] 96.7 (93.6-98.6) [236/244]§ 2.9 (1.2-5.8) [7/244]§ 

Site 4 100 (98.4-100) [230/230] 98.3 (95.6-99.5) [226/230] 1.7 (0.5-4.4) [4/230] 

Site 5 100 (98.4-100) [229/229] 94.3 (90.5-96.9) [216/229] 5.7 (3.1-9.5) [13/229] 

Site 6 98 (95-100) [163/166] 94 (89-97) [156/166]§ 4 (1-8) [6/166]§ 
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Appendix Table 4. Overall imaging, CT, and ultrasonography utilization rates (continued) 

Investigating 

Site 

Imaging Utilization Rate, % (95% 

CI) [Numerator/Denominator]* 

CT Utilization Rate, % (95% CI) 

[Numerator/Denominator]† 

Ultrasonography Utilization Rate, % (95% 

CI) [Numerator/Denominator]‡ 

Site 7 100 (97-100) [142/142] 89 (83-94) [127/142]§ 10 (6-16) [14/142]§ 

Site 8 100 (97-100) [130/130] 99 (95-100) [128/130] 2 (0-5) [2/130] 

Site 9 100 (97-100) [105/105] 92 (86-97) [97/105] 8 (3-14) [8/105] 

Site 10 100 (95-100) [71/71] 92 (83-97) [65/71] 9 (3-18) [6/71] 

Site 11 98 (89-100) [46/47] 89 (77-97) [42/47] 9 (2-20) [4/47] 
*Defined as the percentage of any preoperative cross-sectional imaging utilization for all non-incidental appendectomies. 
†Defined as the percentage of use of CT as the initial imaging modality for all non-incidental appendectomies. 
‡Defined as the percentage of use of ultrasonography as the initial imaging modality for all non-incidental appendectomies. 
§Numerators do not include three cases in which the order of the two imaging tests was unclear. 
∥Adjusted for clustering by site. 

CT, computed tomography; CI, confidence interval. 
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Appendix Table 5. Radiology report availability 

  Total, n

  Reports Available, n  Reports Not Available, n 

  
Confirmed 

Appendicitis 

Negative 

Appendectomies

Confirmed 

appendicitis 

Negative 

Appendectomies 

CT 2,203* (214*) 2,012 (109) 80 (2) 106 (98) 4 (4) 

As initial imaging test 2,160* (206) 1,977 (108) 77 (1) 102 (94) 3 (3) 

As complementary imaging test 40 (4) 35 (1) 3 (1) 2 (2) 0 

Unclear  3 (3) 0 0 2 (2) 1 (1) 

Ultrasonography 192† (31) 101 (1) 16 (0) 67† (26) 8† (4) 

As initial imaging test 152† (28) 76 (1) 7 (0) 63† (24) 6† (3) 

As complementary imaging test 37 (0) 25 (0) 9 (0) 2 (0) 1 (0) 

Unclear  3 (3)  0 0 2 (2) 1 (1) 

Numbers in parentheses are numbers of CT or ultrasonography examinations performed at outside hospitals. 
*Includes one case with a missing pathology report. 
†Includes 40 ultrasonographic studies performed by emergency physicians at Site 1. 

CT, computed tomography. 
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6. Negative appendectomy rate 

Negative appendectomy rates for individual sites and the 

overall negative appendectomy rate adjusted for clustering by site 

are available in Appendix Table 6. 

 

7. Appendiceal perforation rate  

Appendiceal perforation rates for individual sites and the 

overall appendiceal perforation rate adjusted for clustering by site 

are available in Appendix Table 6. 
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Appendix Table 6. Negative appendectomy rate and appendiceal perforation rate per Site 

Site 
Negative Appendectomy Rate, % (95% CI) 

[Numerator/Denominator] 

Appendiceal Perforation Rate, % (95% CI) 

[Numerator/Denominator] 

Overall (unadjusted) 4.1 (3.3-4.9) [94/2,320]* 31.9 (30.0-33.9) [710/2,226]* 

Overall (adjusted)† 4.0 (3.0-4.9) [94/2,320]* 31.0 (25.6-36.4) [710/2,226]* 

Site 1 4.9 (3.4-6.9) [33/667] 40.2 (36.4-44.2) [255/634] 

Site 2 2.4 (1.0-4.9) [7/290] 17.7 (13.4-22.6) [50/283] 

Site 3 2.0 (0.7-4.7) [5/244] 23.4 (18.2-29.3) [56/239] 

Site 4 3.5 (1.5-6.7) [8/230] 28.4 (22.5-34.8) [63/222] 

Site 5 4.8 (2.4-8.4) [11/229] 35.3 (29.0-42.1) [77/218] 

Site 6 2 (1-6) [4/165]* 36 (29-44) [58/161]* 

Site 7 6 (3-12) [9/142] 34 (26-43) [45/133] 

Site 8 4 (1-9) [5/130] 35 (27-44) [44/125] 

Site 9 9 (4-16) [9/105] 23 (15-33) [22/96] 

Site 10 4 (1-12) [3/71] 35 (24-48) [24/68] 

Site 11 0 (0-8) [0/47] 34 (21-49) [16/47] 
*Numerators and denominators do not include one case with a missing pathology report. 
†Adjusted for clustering by site. 

CI, confidence interval. 
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8. Diagnostic sensitivities of imaging tests 

Appendix Table 5 summarizes the availability of radiology 

reports for the calculation of diagnostic sensitivities. The diagnostic 

sensitivities of CT and ultrasonography at each step of the imaging 

work-up are detailed in Fig. 1. The sensitivity was particularly low, 

even with indeterminate results counted as positives, for initial CT 

that required complementary ultrasonography (85%; 95% CI, 66%-

96%), complementary CT that followed initial ultrasonography 

(89%; CI, 73%-97%), and complementary ultrasonography that 

followed initial CT (88%; CI, 69%-97%). 

 The sensitivities for the individual sites and overall 

sensitivities adjusted for clustering by site are available in Appendix 

Table 7.  

 

Appendix Table 7. Sensitivities of initial CT and initial 

ultrasonography per site 

Site 

Sensitivity of Initial CT,  

% (95% CI) 

[Numerator/Denominator]* 

Sensitivity of Initial 

Ultrasonography, % (95% CI) 

[Numerator/Denominator]* 

Overall 

(unadjusted)

96.4 (95.5-97.2) 

[1,906/1,977] 
100 (95-100) [76/76] 

Overall 

(adjusted)† 

95.6 (93.5-97.8) 

[1,906/1,977] 
NA 

Site 1 99.1 (97.9-99.7) [550/555] 100 (72-100) [11/11] 

Site 2 98.3 (95.8-99.5) [237/241] 100 (86-100) [24/24] 

Site 3 96.0 (92.6-98.2) [218/227] 100 (48-100) [5/5] 

Site 4 93.6 (89.3-96.5) [190/203] 100 (40-100) [4/4] 

Site 5 95.5 (91.6-97.9) [191/200] 100 (74-100) [12/12] 

Site 6 96 (91-98) [135/141] 100 (16-100) [2/2] 

Site 7 88 (80-93) [100/114] 100 (59-100) [7/7] 
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Appendix Table 7. Sensitivities of initial CT and initial ultrasonography 

per site (continued) 

Site 

Sensitivity of Initial CT,  

% (95% CI) 

[Numerator/Denominator]* 

Sensitivity of Initial 

Ultrasonography, % (95% CI) 

[Numerator/Denominator]* 

Site 8 95 (89-98) [113/119] 100 (3-100) [1/1] 

Site 9 97 (91-100) [73/75] 100 (16-100) [2/2] 

Site 10 100 (94-100) [61/61] 100 (48-100) [5/5] 

Site 11 93 (80-99) [38/41] 100 (29-100) [3/3] 

Numerators and denominators do not include cases with unavailable CT (n = 102), 

ultrasonography (n = 63), or pathology (n = 1) reports.  
*Indeterminate results were counted as a positive diagnosis. 
†Adjusted for clustering by site. 

CI, confidence interval; CT, computed tomography; NA, unable to calculate. 
 

Subgroup analyses were performed with a threshold of 

grades ≥ 2 as positive.(6, 7) The low diagnostic sensitivity (or 

high false negative rate) of initial CT was associated with younger 

age, female gender, and smaller site appendectomy annual volume 

in the univariable analysis; and with younger age (95.9% vs. 97.3%; 

AOR, 0.56; 95% CI, 0.33-0.98), female gender (94.3% vs. 98.2%; 

AOR, 0.31; 95% CI, 0.18-0.54), and smaller site annual 

appendectomy volume (94.4% vs. 98.2%; AOR, 0.31; 95% CI, 

0.15-0.64) in the multivariable analysis (Appendix Table 8).  

The diagnostic sensitivity of initial ultrasonography was not 

significantly affected by any of the factors tested in the univariable 

analysis. A multivariable analysis was not performed. 
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Appendix Table 8. Subgroup analysis for the sensitivities of initial CT 

Variable 
Sensitivity, % (95% CI) 

[Numerator/Denominator]*
Univariable Analysis, 

OR (95% CI) 
Multivariable Analysis, 

AOR (95% CI) 
Age, year 

15-44 95.9 (94.7-96.9) [1,219/1,271] 0.61 (0.37-1.00) 0.56 (0.33-0.98) 
≥ 45 97.3 (95.8-98.4) [687/706] 1 [Reference] 1 [Reference] 

Sex 
Male 98.2 (97.2-98.9) [1,044/1,063] 1 [Reference] 1 [Reference] 
Female 94.3 (92.6-95.7) [862/914] 0.36 (0.21-0.60) 0.31 (0.18-0.54) 

Reproductive female ... 
Female 15-44 y  93.7 (91.3-95.5) [532/568] 0.41 (0.26-0.66) 
Others 97.5 (96.6-98.3) [1,374/1,409] 1 [Reference] 

Body mass index, kg/m2† 
Underweight (< 18.5) 94 (89-97) [129/137] 0.69 (0.33-1.40) 0.87 (0.40-1.90) 
Normal (18.5-24.9) 96.1 (94.9-97.1) [1,265/1,316] 1 [Reference] 1 [Reference] 
Overweight (25.0-29.9) 97.2 (95.1-98.5) [415/427] 1.26 (0.72-2.20) 0.95 (0.49-1.83) 
Obesity (≥ 30.0) 100 (95-100) [74/74] NA NA 
Missing 100 (85-100) [23/23] NA NA 

Time of presentation in 
emergency department    

Working hours‡ 95.8 (94.0-97.3) [600/626] 0.72 (0.46-1.13) 0.64 (0.39-1.06) 
After hours  96.7 (95.6-97.6) [1,306/1,351] 1 [Reference] 1 [Reference] 

Time to appendectomy, hr§¶ ... 
< 6 97.1 (95.8-98.2) [812/836] 1 [Reference] 
6-12 96.3 (94.6-97.6) [633/657] 0.89 (0.53-1.50) 
≥ 12 95.2 (92.9-97.0) [441/463] 0.75 (0.43-1.31) 

Mode of surgical approach ... 
Laparoscopy  95.3 (94.1-96.4) [1,289/1,352] 1 [Reference] 
Open  98.7 (97.4-99.4) [591/599] 1.78 (0.89-3.58) 
Conversion 100 (87-100) [26/26] NA 
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Appendix Table 8. Subgroup analysis for the sensitivities of initial CT (continued) 

Variable 
Sensitivity, % (95% CI) Univariable Analysis, 

OR (95% CI) 
Multivariable Analysis, 

AOR (95% CI)  [Numerator/Denominator]* 
Time to discharge, d∥¶ ... 

< 4 95.9 (94.6-97.1) [1,018/1,061] 0.80 (0.50-1.26) 
≥ 4 97.0 (95.6-98.0) [868/895] 1 [Reference] 

Site annual appendectomy 
volume**     

< 240 94.4 (92.8-95.8) [901/954] 0.36 (0.16-0.82) 0.31 (0.15-0.64) 
 ≥ 240  98.2 (97.2-99.0) [1,005/1,023] 1 [Reference] 1 [Reference] 
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초   록 
 

서론: 본 연구는 수도권에서 급성충수염 환자 진료에서의 영상검사 

사용과 음성충수절제율을 조사하는 다기관 단면 연구임. 

방법: 2011년에 수도권의 11개 2차 이상 종합병원에서 충수절제술을 

시행한 15세 이상의 환자 2321명이 포함되었음. 

결과: 환자의 99.7%가 수술 전 영상검사를 시행하였으며, CT와 

초음파가 각각 93.1%와 6.5%에서 첫 영상 검사로 사용되었음. 

음성충수절제율은 4.1% 였음. 수술 전 영상검사로써 CT만 시행한 환자, 

CT 후 초음파를 시행한 환자, 초음파만 시행한 환자, 초음파 후 CT를 

시행한 환자에서 음성충수절제율은 각각 3.3%, 27%, 9%, and 8%였음. 

첫 영상검사로서 CT 대신 초음파를 사용하는 것은 높은 

음성충수절제율과 의미 있는 상관관계가 있었음 (adjusted odds ratio: 

2.28). 하지만, 이미 상당히 높은 CT 사용률에 의해 attributable 

risk는 0.3 percentage point였음 (모든 환자가 CT를 첫 영상검사로 

사용한다고 가정하였을 때, 현 상황에서 음성충수절제를 피할 수 있는 

환자는 전체 1000명의 환자 중 3명임). 

결론: 수도권에서 충수염 환자의 CT 사용률은 매우 높았으며 또한 

음성충수절제율은 상당히 낮은 수준임. CT 사용이 낮은 

음성충수절제율과 상관관계가 있음이 입증 되었으나, CT는 추가적인 

CT 사용률의 증가가 음성충수절제율을 더 이상 의미 있게 감소시키지 

못할 만큼 이미 많이 사용되고 있음. 

------------------------------------- 
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