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INTRODUCTION

Although evidence that computed tomography (CT) 
radiation can be reduced to 2 mSv for diagnosing 
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Objective: To compare the diagnostic performance and clinical outcomes of 2-mSv computed tomography (CT) and 
conventional-dose CT (CDCT), following radiology residents’ interpretation of CT examinations for suspected appendicitis. 
Materials and Methods: Altogether, 3074 patients with suspected appendicitis aged 15–44 years (28 ± 9 years, 1672 females) 
from 20 hospitals were randomly assigned to the 2-mSv CT (n = 1535) or CDCT (n = 1539) groups in a pragmatic trial from December 
2013 and August 2016. Overall, 107 radiology residents participated in the trial as readers in the form of daily practice after online 
training for 2-mSv CT. They made preliminary CT reports, which were later finalized by attending radiologists via addendum reports, 
for 640 and 657 patients in the 2-mSv CT and CDCT groups, respectively. We compared the diagnostic performance of the residents, 
discrepancies between preliminary and addendum reports, and clinical outcomes between the two groups.
Results: Patient characteristics were similar between the 640 and 657 patients. Residents’ diagnostic performance was not 
significantly different between the 2-mSv CT and CDCT groups, with a sensitivity of 96.0% and 97.1%, respectively 
(difference [95% confidence interval {CI}], -1.1% [-4.9%, 2.6%]; P = 0.69) and specificity of 93.2% and 93.1%, respectively 
(0.1% [-3.6%, 3.7%]; P > 0.99). The 2-mSv CT and CDCT groups did not significantly differ in discrepancies between the 
preliminary and addendum reports regarding the presence of appendicitis (3.3% vs. 5.2%; -1.9% [-4.2%, 0.4%]; P = 0.12) 
and alternative diagnosis (5.5% vs. 6.4%; -0.9% [-3.6%, 1.8%]; P = 0.56). The rates of perforated appendicitis (12.0% vs. 
12.6%; -0.6% [-4.3%, 3.1%]; P = 0.81) and negative appendectomies (1.9% vs. 1.1%; 0.8% [-0.7%, 2.3%]; P = 0.33) were 
not significantly different between the two groups.
Conclusion: Diagnostic performance and clinical outcomes were not significantly different between the 2-mSv CT and CDCT 
groups following radiology residents’ CT readings for suspected appendicitis.
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appendicitis without negative ramifications is compelling 
[1-4], the implementation of low-dose CT techniques in 
clinical practice has been unsatisfactory [5]. This may be 
due to the fact that in many medical centers, especially 
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NCT01925014) [2,19], which included 3074 patients and 
> 500 healthcare providers from 20 sites. The institutional 
review boards of all the sites approved the study (IRB No. 
SNUBH B-2108-705-104, CAUH 2108-030-19386, GMC 2021-
343, DSMC 2021-08-132, JNUH 2021-08-010, SCHSH 2021-
08-013, HUKNHH 2021-08-032, YUHS 4-2021-1133, SNUH 
J-2109-122-1257, KNUH 2021-09-024-001, WKUH 2021-08-
027-002, KUAH 2021AS0266, KBSMC 2021-09-024, CNUH 
2021-381, WMCSB 202202-11, CMC KC14EIMI0655, KUGH 
2021GR0441, HUSHH HALLYM 2021-08-029-001, SCHBC 
2021-08-034-002, DMC 2021-09-009). Our patients have 
been included in previous studies [19,20], including the 
main report of the trial [2]. Compared to the main trial that 
aimed to prove the non-inferiority of 2-mSv CT over CDCT 
with respect to the negative appendectomy rate, this study 
analyzed the diagnostic performance and clinical outcomes 
following radiology residents’ CT readings. We adhered to 
reporting guidelines [21-23].

Patients
The eligibility criteria for the trial were patients aged 15–44 

years who were referred from the emergency department for 
a CT examination under the suspicion of appendicitis [24]. 
Between December 2013 and August 2016, 3074 patients 
(mean age ± standard deviation, 28 ± 9 years; 1672 females) 
were randomized into the 2-mSv CT (n = 1535) or CDCT 
groups (n = 1539). 

Diagnostic Intervention
As detailed elsewhere [2], 22 CT machines with 16–640 

channels from various manufacturers were used. The target 
effective dose for CDCT was individualized for each CT 
machine according to the institutional normal dose (median, 
7 mSv; interquartile range [IQR], 6–7 mSv). Size-specific dose 
estimates were 4.1 mGy (IQR, 3.7–4.5) and 14.4 mGy (IQR, 
12.9–16.2) for the 2-mSv CT and CDCT groups, respectively. 
The section thickness was ≤ 5 mm, with an overlap of ≥ 20%. 
All the patients received intravenous contrast agents, and 
none received an oral contrast agent.

Radiologists and Prospectively Issued CT Reports
Altogether, 161 radiologists issued CT reports in their 

daily practice: 53 attending radiologists, 107 residents, and 
1 board-certified on-call radiologist. For CT examinations 
performed after hours (times other than 0800–1700 h, 
Monday to Friday), it was a common practice in the catchment 
area for residents to make preliminary CT reports. All 

after hours, the diagnosis of appendicitis is dependent on 
the autonomous practice of radiology residents who are 
likely inexperienced with low-dose CT techniques. 

In fact, in many academic centers, preliminary reports 
of CT scans performed after hours are made by radiology 
residents and are later supplemented by attending 
radiologists [6,7]. Although around-the-clock coverage by 
attending radiologists may seem ideal for reporting accuracy, 
patient throughput, and overall quality of care, such coverage 
is often practically infeasible due to constrained financial and 
human resources [7]. For such in-house attendance coverage 
to be amenable to long-term operations, several competent 
radiologists who are comfortable with diverse body parts and 
modalities are required. Moreover, around-the-clock coverage 
by attending radiologists may have negative repercussions on 
resident education [7]. 

Discrepancy rates between preliminary CT reports made by 
residents and addendum reports made by attending radiologists, 
which are typically reported to be < 3% [8-16], are often cited 
as evidence that radiology residents can practice autonomously 
without causing detrimental impacts on patient care. 
However, evidence regarding whether residents’ performance 
in diagnosing appendicitis is adequately competent using 
low-dose CT is scarce. To the best of our knowledge, only two 
previous studies [17,18] have measured the performance 
of residents in diagnosing appendicitis on low-dose CT, 
with both studies reporting slightly superior performance 
of attending radiologists compared with that of residents 
on low-dose CT. However, these studies were limited by a 
small patient sample (14 cases of appendicitis in one study 
[17] and 48 cases in another [18]) and a retrospective 
study design. In this study, we compared the diagnostic 
performance and undesirable clinical outcomes of 2-mSv CT 
and conventional-dose CT (CDCT) following the autonomous 
reading of CT examinations by radiology residents in 
patients with suspected appendicitis. Our use of data from 
a large pragmatic randomized controlled trial [2] with 
unprecedentedly large numbers of patients and residents 
involved in practice provides relevant evidence that closely 
resembles reality. 

MATERIALS AND METHODS

Data Source and Study Setting
We performed a secondary analysis of a prospective 

pragmatic randomized controlled trial (Low-dose CT 
for Appendicitis Trial, LOCAT; ClinicalTrials.gov number, 
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preliminary reports were confirmed or revised via addendum 
reports made by attending radiologists, typically on the 
morning of the next business day. Radiologists could not be 
blinded to the randomization results because of the image 
texture differences between 2-mSv CT and CDCT. Although 
the majority (114 radiologists) had inconsiderable prior 
experience with 2-mSv CT, all radiologists were encouraged 
to complete an online training course on 2-mSv CT before 
trial initiation [17]. 

The radiologists issued CT reports using a predefined 
standardized report form (Supplementary Table 1) [25], 
which included the likelihood score for appendicitis rated 
on a five-point Likert scale and a free-text section for any 
alternative diagnosis. The following predefined diagnostic 
criteria for appendicitis [24] were used. The primary criterion 
was an enlarged appendix (> 6 mm in diameter) with mural 
thickening and periappendiceal fat stranding. The secondary 
diagnostic criteria included abnormal mural enhancement, 
appendicolith, phlegmon, and abscess [26,27].

Co-Intervention and Follow-Up
The emergency physicians determined the necessity and 

timing of imaging studies. In cases of equivocal appendicitis 
on the initial CT, ultrasonography or CDCT could be used. The 
surgeons determined the surgical plan for each patient. 

The follow-up of all patients included a telephonic 
interview conducted over 3 months in which patients were 
asked whether they needed additional hospitalization 
due to recurrence or exacerbation of symptoms. The site 
investigators also collected data regarding any serious 
adverse events that occurred during follow-up and their 
attributes [24,28]. 

Reference Standard
Independent outcome assessors adjudicated the final 

diagnosis of appendicitis based on medical records and 
clinical follow-up results [24], according to predefined 
reference standards, as presented in the Supplementary 
Material. 

Discrepancy of CT Reports between Residents and 
Attending Radiologists

Two study coordinators (each with 8 and 7 years of 
clinical experience) independently reviewed the reports of 
all CT examinations that were read preliminarily by residents 
and identified cases with discrepancies between the 
preliminary CT report and the subsequent addendum report 

made by the attending radiologists. First, a discrepancy in 
the likelihood score for appendicitis was identified, defined 
as cases with a negative index test result (likelihood 
score 1 or 2) on a preliminary report that was revised to a 
positive result (likelihood score 3, 4, or 5) on the addendum 
report, or vice versa (i.e., positive result revised to negative 
result). Second, a discrepancy in the alternative diagnosis 
was identified, defined as any revision regarding the 
alternative diagnosis that involved diseases with relatively 
specific imaging findings (e.g., ureter stone or acute right 
colonic diverticulitis). Of the discrepancies in alternative 
diagnosis, a “major” discrepancy delimited to revisions that 
involved diseases that may have required emergency surgery 
(e.g., ovarian torsion) was additionally identified. Any 
disagreement between the two study coordinators regarding 
the presence of discrepancy was resolved by discussion. 

Endpoints
We performed between-group comparisons (i.e., 2-mSv CT 

vs. CDCT) of the residents’ diagnostic performance in terms 
of sensitivity and specificity. We also compared the 2-mSv 
CT and CDCT groups with respect to discrepancies between 
preliminary CT reports made by residents and addendum CT 
reports made by attending radiologists.

Additionally, between-group comparisons were performed 
considering undesirable clinical outcomes following the 
residents’ reading. First, in terms of the final diagnosis, 
we counted the number of patients with negative 
appendectomy and perforated appendicitis. Negative 
appendectomy and perforated appendicitis, reciprocal to one 
another, represent the consequences of false-positive and 
false-negative (i.e., delayed) diagnoses, respectively [29]. 
Second, in terms of patient disposition, we counted the 
number of extended surgeries performed for the treatment 
of appendicitis (beyond simple appendectomy, such as 
partial cecectomy) and additional imaging tests. We also 
measured the interval between CT and discharge without 
surgery, the interval between CT and appendectomy, and 
the length of hospital stay associated with appendectomy. 
Third, the number of adverse events was counted. 

In the original trial and other most relevant literatures, 
the “negative appendectomy rate” and “appendiceal 
perforation rate” by definition included patients who 
underwent appendectomy as the denominator. In this 
study, we used the number of patients in each group as 
the denominator to calculate the percentage values for the 
clinical outcomes, for example, the proportion (%) of negative 
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appendectomies = the number of negative appendectomies ÷ 
of all patients in each group. This was performed to preserve 
the effects of randomization as much as possible. 

Statistical Analysis
Two radiologists (with 8 and 7 years of experience, 

respectively) and a statistician (with 5 years of experience) 
planned and performed the analyses after trial data 
collection. We primarily performed intention-to-treat 
analyses but also presented the results of per-protocol 
analyses that were performed by excluding patients with 
protocol non-adherence regarding eligibility or radiation 
dose (58 and 42 in the 2-mSv CT and CDCT groups, 
respectively) [24]. 

We used the chi-square test and Mann–Whitney U test to 
compare the 2-mSv CT and CDCT groups. For extremely low 
event rates, we used Z-pooled unconditional exact tests 
instead of chi-square tests [30]. We also generated heat 
maps to visually portray the frequency and distribution 

of discrepancies between the residents and attending 
radiologists when rating the likelihood scores for appendicitis. 
For all analyses of the likelihood score for appendicitis, 
grades 3–5 were considered positive for appendicitis.

Statistical significance was defined as a two-sided P < 0.05. 
Because missing data were rare, we did not include them 
in our analysis. All analyses were performed using the R 
software version 3.6.3 (www.R-project.org, The R Foundation 
for Statistical Computing).

RESULTS

As the results of the intention-to-treat and per-protocol 
analyses were very similar, we have presented intention-to-
treat analysis primarily and reported per-protocol analysis 
in the Supplementary Material. The residents preliminarily 
read the CT scans of 640 patients (41.7% [640/1535]) 
in the 2-mSv CT group (Fig. 1) and 657 patients (42.7% 
[657/1539]) in the CDCT group. The characteristics of the 

1535 assigned to 2-mSv CT

19 incomplete reference standard

Final diagnosis

38 incomplete reference standard

1539 assigned to CDCT

8593 patients from 20 hospitals 
considered eligible

  95 hospitals did not respond
    6 hospitals withdrew

  4 inappropriate enrollment
  5 withdrawal

886 read by 51 
attending radiologists

863 read by 51 
attending radiologists

  225 appendicitis present
    77 perforated appendicitis

  242 appendicitis present
    83 perforated appendicitis

  396 appendicitis not present
    12 negative appendectomy

  377 appendicitis not present
      7 negative appendectomy

    6 inappropriate enrollment
  13 withdrawal

 5206 not asked to participate
   313 declined to participate

619 with reference standard621 with reference standard

 640 read by 97 residents
   4 (0–9) radiologists per site
   3 (1–8) patients per radiologist

 657 read by 92 residents*
   3 (0–9) radiologists per site
   4 (1–9) patients per radiologist

  1468 underwent 2-mSv CT
      58 non-adherence for radiation dose

  1478 underwent CDCT
      42 non-adherence for radiation dose

3074 randomized

121 hospitals invited

Fig. 1. Patient flow diagram. Unless otherwise indicated, data are numbers of patients. Data in italic are median (interquartile range). 
*Included one board-certified on-call radiologist without fellowship training in abdominal radiology. CDCT = conventional-dose computed 
tomography, CT = computed tomography
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Table 1. Patient Characteristics

Characteristic
Patients Whose CTs Were Read Preliminarily by Residents

P
2-mSv CT Group (n = 640) CDCT Group (n = 657)‡

Age, yr 29 (22–36) 27 (20–35) 0.02
Sex 0.67

Female 362 (56.6) 363 (55.3)
Male 278 (43.4) 294 (44.7)

Body size
Body mass index (kg/m2) 21.5 (19.6–24.0) 22.0 (19.9–24.3) 0.12

< 18.5 (underweight)   77 (12.0)   70 (10.7)
18.5–24.9 (normal) 441 (68.9) 452 (68.8)
25.0–29.9 (overweight) 102 (15.9) 108 (16.4)
≥ 30.0 (obese) 14 (2.2) 23 (3.5)

Body temperature (°C) 36.8 (36.5–37.2) 36.8 (36.5–37.2) 0.49
Blood-test results

White blood cell (103/mm3) 10.7 (8.0–13.9) 10.3 (8.0–13.6) 0.28
Segmented neutrophil (%) 75.0 (64.0–82.0) 73.0 (63.0–82.0) 0.51
C-reactive protein (mg/dL) 0.7 (0.2–3.3) 0.6 (0.1–3.2) 0.64

Clinical risk scores for appendicitis
Alvarado score 0.16

Low risk (0–4) 224 (35.0) 263 (40.0)
Indeterminate risk (5–6) 208 (32.5) 202 (30.7)
High risk (7–10) 207 (32.3) 191 (29.1)

Appendicitis inflammatory response score 0.30
Low risk (0–4) 345 (53.9) 377 (57.4)
Indeterminate risk (5–8) 281 (43.9) 265 (40.3)
High risk (9–12)   8 (1.3) 12 (1.8)

Time of CT examination 0.42
Working hours*   93 (14.5) 107 (16.3)
After hours 547 (85.5) 550 (83.7)

CT machine 0.92
16-channel   95 (14.8)   92 (14.0)
64-channel 154 (24.1) 162 (24.7)
128-channel 269 (42.0) 284 (43.2)
256- or 640-channel 122 (19.1) 119 (18.1)

Target effective dose (2-mSv CT vs. CDCT)† NA
2 mSv vs. 3 mSv   0 (0.0)   0 (0.0)
2 mSv vs. 5 mSv   2 (0.3)   2 (0.3)
2 mSv vs. 6 mSv 121 (18.9) 138 (21.0)
2 mSv vs. 7 mSv 288 (45.0) 294 (44.7)
2 mSv vs. 8 mSv 229 (35.8) 223 (33.9)

Individual radiation dose
Dose-length product (mGy·cm) 131 (118–147) 482 (397–555) < 0.001
Volume CT dose index (mGy) 2.6 (2.3–2.6) 9.1 (7.6–10.3) < 0.001
Size-specific dose estimate (mGy) 4.0 (3.7–4.5) 14.3 (12.9–15.8) < 0.001

Iterative reconstruction < 0.001
Used 328 (51.3) 51 (7.8)
Not used 312 (48.8) 606 (92.2)

Site 0.25
2-mSv CT experience in the previous single-center trial

Yes 100 (15.6) 87 (13.2)
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patients were similar between both groups (Table 1). Most 
CT examinations that were preliminarily read by the residents 
were performed after hours (85.5% and 83.7% in the 2-mSv 
CT and CDCT groups, respectively). Reference standard 
information was available for 621 and 619 patients in the 
2-mSv CT and CDCT groups, respectively (Fig. 1). 

No significant difference was observed in the performance 
of residents in diagnosing appendicitis, both in terms 
of sensitivity (96.0% [216/225] vs. 97.1% [235/242]; 
difference [95% confidence interval {CI}], -1.1% [-4.9%, 
2.6%]; P = 0.69) and specificity (93.2% [369/396] vs. 

93.1% [351/377]; 0.1% [-3.6%, 3.7%]; P > 0.99) (Table 
2, Supplementary Table 2) between the 2-mSv CT and CDCT 
groups. By contrast, the sensitivity and specificity of the 
attending radiologists based on their addendum reports 
were 97.3% and 95.7%, respectively, in the 2-mSv CT group, 
and 95.5% and 95.5%, respectively, in the CDCT group 
(Supplementary Table 3). 

No significant between-group differences were noted 
for discrepancies in CT reports between residents and 
attending radiologists (Table 3, Supplementary Table 4, 
Fig. 2). Regarding the likelihood score for appendicitis, 

Table 1. Patient Characteristics (continued)

Characteristic
Patients Whose CTs Were Read Preliminarily by Residents

P
2-mSv CT Group (n = 640) CDCT Group (n = 657)‡

No 540 (84.4) 570 (86.8)
Annual number of appendectomies 0.97

< 150 12 (1.9) 12 (1.8)
150–299 108 (16.9) 114 (17.4)
300–449 181 (28.3) 178 (27.1)

    ≥ 450   339 (53.0) 353 (53.7)

Data are n (%) or median (interquartile range) unless otherwise indicated. For each characteristic, there were missing data in less than 
2.5% of all randomized patients. *0800–1700 h, working days, †Target effective dose for conventional-dose computed tomography (CDCT) 
was individualized for each computed tomography (CT) machine following the institutional normal dose, ‡Included one board-certified 
on-call radiologist without fellowship training in abdominal radiology. NA = not applicable

Table 3. Discrepancy between Preliminary CT Reports Made by Residents vs. Addendum Reports Made by Attending Radiologists

Discrepancy
2-mSv CT Group 

(n = 640) 
CDCT Group† 
(n = 657)

Difference (95% CI) P

Appendicitis
Likelihood scores for appendicitis* 21 (3.3) 34 (5.2) -1.9% (-4.2%–0.4%) 0.12
Negative index test result revised to positive result in addendum report   7 (1.1) 11 (1.7) -0.6% (-2.0%–0.8%) 0.51

Likelihood score 1 or 2 revised to score 3   2 (0.3)   6 (0.9)  
Likelihood score 1 or 2 revised to score 4 or 5   5 (0.8)   5 (0.8)

Positive index test result revised to negative result in addendum report 14 (2.2) 23 (3.5) -1.3% (-3.3%–0.6%) 0.21
Likelihood score 3 revised to score 1 or 2   5 (0.8) 13 (2.0)
Likelihood score 4 or 5 revised to score 1 or 2   9 (1.4) 10 (1.5)

Alternative diagnosis 35 (5.5) 42 (6.4) -0.9% (-3.6%–1.8%) 0.56
  Significant discrepancy that may have required an emergency surgery   0 (0.0)   2 (0.3) -0.3% (-1.1%–0.3%) 0.21

Data are n (%) (proportion out of patients whose computed tomographies [CTs] were read preliminarily by residents), unless specified 
otherwise. Likelihood score 3–5 was considered as index test positive for appendicitis. *Likelihood score 1 and 2 indicated definitely and 
probably absent appendicitis, respectively; 3 indicated indeterminate; 4 and 5 indicated probably and definitely present appendicitis, 
respectively, †For one CT report that lacked addendum report, discrepancy was assumed as not present. CDCT = conventional-dose 
computed tomography, CI = confidence interval

Table 2. Diagnostic Performance of Residents 

Endpoints 2-mSv CT Group (n = 621) CDCT Group (n = 619) Difference (95% CI) P
Sensitivity 96.0% (216/225) 97.1% (235/242) -1.1% (-4.9%–2.6%) 0.69
Specificity 93.2% (369/396) 93.1% (351/377)  0.1% (-3.6%–3.7%) > 0.99

There were 19 and 38 patients with incomplete reference standard in the 2-mSv computed tomography (CT) and conventional-dose 
computed tomography (CDCT) group, respectively. CI = confidence interval
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discrepancies occurred in 21 of 640 reports (3.3%) on 2-mSv 
CT and in 34 of 657 reports (5.2%) on CDCT (difference 
[95% CI], -1.9% [-4.2%–0.4%]; P = 0.12). In both the 
2-mSv CT and CDCT groups, the discrepancies were more 
often revisions of a positive index test result (i.e., likelihood 
score of 3, 4, or 5) to a negative index test result (i.e., 
score of 1 or 2) than vice-versa (Fig. 3). Many discrepancies 
in rating the likelihood score for appendicitis involved 

a score of 3, which was defined as an indeterminate CT 
finding for appendicitis (7 in the 2-mSv CT group and 19 
in the CDCT group). Some discrepancies were because of 
incorrect diagnoses made by the attending radiologists 
rather than by the residents (Fig. 4). Regarding alternative 
diagnoses, discrepancies occurred in 35 reports (5.5%) on 
2-mSv CT and in 42 reports (6.4%) on CDCT (difference 
[95% CI], −0.9% [-3.6%–1.8%]; P = 0.56) (Table 3). Major 

Resident attending discrepancy

2mSv-CT CDCT

Resident attending discrepancy

4, 5 to 1, 2

3 to 1, 2

1, 2 to 3

1, 2 to 4, 5

1, 2 (definitely and probably
absent appendicitis, respectively)

3 (indeterminate)

4, 5 (probably and definitely
present appendicitis, respectively)

Discrepancy between resident and 
  attending radiologist

Likelihood score for appendicitis

Fig. 2. Heat maps demonstrating results of likelihood for appendicitis. Likelihood for appendicitis rated by residents (first column) and 
attending radiologists (second column), and discrepancies between the two (third column). Each row represents datum of each patient. 
In patients with appendicitis as the final diagnosis (data are presented below the black spacing), discrepancies coded in blue shades 
refer to incorrect diagnoses made by residents. Meanwhile, in patients without appendicitis as the final diagnosis (data are presented 
above the black spacing), discrepancies coded in blue shades refer to incorrect diagnoses made by attending radiologists. CDCT = 
conventional-dose computed tomography, CT = computed tomography
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discrepancies in alternative diagnoses were rare in both the 
groups (0 cases in the 2-mSv CT group and 2 cases in the 
CDCT group). 

No significant difference was observed in undesirable 
clinical outcomes following residents’ reading (Table 4, 
Supplementary Table 5), including perforated appendicitis 
(12.0% [77/640] vs. 12.6% [83/657]; difference [95% 
CI], -0.6% [-4.3%–3.1%]; P = 0.81) and negative 
appendectomies (1.9% [12/640] vs. 1.1% [7/657]; 
difference [95% CI], 0.8% [-0.7%–2.3%]; P = 0.33) 

between the 2-mSv CT and CDCT groups. In terms of 
patient disposition, the need for extended surgery to 
treat appendicitis (1.4% [9/640] vs. 1.2% [8/657]; 
difference [95% CI], 0.2% [-1.2%–1.6%]; P = 0.96), and 
additional imaging tests (2.2% [14/640] vs. 2.6% [17/657]; 
-0.4% [-2.2%–1.4%]; P = 0.77) were not significantly 
different between the two groups The interval between 
CT and discharge without surgery (median, 1.6 vs. 1.6 h 
in 372 and 354 patients, respectively, P = 0.83), interval 
between CT and appendectomy (5.8 vs. 6.1 h in 237 and 

Fig. 3. A 24-year-old male with a final diagnosis of acute appendicitis. Contrast-enhanced 2-mSv 4-mm-thick transverse computed 
tomography (CT) images indicate (A) appendicolith (arrowheads), and (B) mild appendiceal dilatation (arrowhead). A resident-
made preliminary CT report, where the likelihood score for appendicitis was rated as 2 (probably absent appendicitis). An attending 
radiologist revised the score as 5 (definitely present appendicitis) on the addendum report. 

Fig. 4. A 16-year-old male with a final diagnosis of acute appendicitis. Contrast-enhanced 2-mSv 4-mm-thick transverse (A) and coronal 
(B) computed tomography (CT) images indicate mild appendiceal dilatation (arrows) with minimal periappendiceal fat infiltration. 
A resident made preliminary CT report, where the likelihood score for appendicitis was rated as 4 (probably present appendicitis). An 
attending radiologist revised the score as 2 (probably absent appendicitis) on the addendum report.

A B

A B
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249 patients, respectively, P = 0.21), and length of hospital 
stay associated with appendectomy (3.0 vs. 2.9 d in 237 and 
249 patients, respectively, P = 0.47) also did not indicate 
a significant difference. In the 2-mSv CT and CDCT groups, 
19 and 17 adverse events occurred, respectively, among 
patients whose CT scans were preliminarily read by residents 
(Supplementary Table 6). All adverse events resolved 
without any sequelae.

DISCUSSION

In this retrospective analysis of a randomized pragmatic 
trial that included adolescents and young adults with 
suspected appendicitis, no significant difference was 
observed in the performance of residents in diagnosing 
appendicitis or the discrepancies between preliminary reports 
made by residents and addendum reports made by attending 
radiologists between the 2-mSv CT and CDCT groups. No 
significant differences were recorded in undesirable clinical 
outcomes following the residents’ preliminary reading of CT 
examinations between the two groups. 

These results have important clinical implications. First, 
it bolsters the evidence that 2-mSv CT can be used for 
diagnosing appendicitis after online training, regardless of 
the radiologist’s experience level. The 2-mSv CT and CDCT 
groups did not demonstrate any significant differences in 
the diagnostic performance of residents or discrepancies 
between the preliminary and addendum reports. Second, 

our study provides supporting evidence that unsupervised 
practice by radiology residents rarely leads to detrimental 
clinical outcomes when managing patients with suspected 
appendicitis. Our comparison between the preliminary and 
addendum reports revealed that discrepancies regarding the 
likelihood score for appendicitis were reasonably low (3.3% 
and 5.2% in the 2-mSv CT and CDCT groups, respectively). 
Based on visual assessment of our heat map, some of 
these discrepancies were incorrect diagnoses made by 
the attending radiologists. Moreover, major discrepancies 
in the alternative diagnoses were extremely rare (0 and 
2 cases in the 2-mSv and CDCT groups, respectively). 
Measures of diagnostic performance, including sensitivity 
and specificity, were also similar between the preliminary 
and addendum reports. Whether radiology residents can 
diagnose appendicitis independently is an important 
clinical question that is closely relevant to many medical 
centers where reliance on unsupervised after-hours practice 
by residents is inevitable owing to limited resources. 
However, only a few studies with small sample sizes have 
provided data pertinent to this question, with results 
often discrepant from one another. To date, the largest 
previous study [31] included 322 patients whose CTs were 
read autonomously by residents, demonstrating that the 
performance of residents was not significantly different 
from that of more experienced radiologists. Meanwhile, a 
few small studies have suggested that the performance of 
radiologists in diagnosing appendicitis on CT is affected by 

Table 4. Undesirable Clinical Outcomes Following Residents’ Reading

Undesirable Clinical Outcomes Following Residents’ Reading
2-mSv CT Group 

(n = 640) 
CDCT Group 
(n = 657)

Difference (95% CI) P

Final diagnosis
Perforated appendicitis 77 (12.0) 83 (12.6) -0.6% (-4.3%–3.1%) 0.81
Negative appendectomies 12 (1.9) 7 (1.1) 0.8% (-0.7%–2.3%) 0.33

Patient disposition
Extended surgery (beyond simple appendectomy) 9 (1.4) 8 (1.2) 0.2% (-1.2%–1.6%) 0.96
Delay in patient disposition

Additional imaging test 14 (2.2) 17 (2.6) -0.4% (-2.2%–1.4%) 0.77
Ultrasonography 13 (2.0) 15 (2.3) -0.3% (-2.0%–1.5%) 0.90
CDCT 1 (0.2) 2 (0.3) -0.1% (-1.0%–0.7%) 0.68

Interval between CT and discharge without surgery, hr* 1.6 (0.9–3.5) 1.6 (0.9–3.9) 0.0 (-0.2–0.2) 0.83
Interval between CT and appendectomy, hr 5.8 (3.1–10.9) 6.1 (3.6–12.5) -0.3 (-1.2–0.3) 0.21

    Length of hospital stay associated with appendectomy, day* 3.0 (2.4–3.9) 2.9 (2.3–3.7) 0.1 (-0.1–0.3) 0.47

Data are presented as n (%) (proportion calculated with all patients in either group as the denominator) or median (interquartile 
range). There were 19 and 38 patients with incomplete reference standard in the 2-mSv computed tomography (CT) and conventional-
dose computed tomography (CDCT) group, respectively. *In patients discharged without hospitalization, time of discharge was defined as 
the time of departure from the emergency department. For patients admitted to wards, time of discharge was defined as noon on the day of 
discharge. CI = confidence interval



538

Cho et al.

https://doi.org/10.3348/kjr.2023.0015 kjronline.org

their experience level [18,32,33]. 
Most diagnoses made by residents regarding the presence 

of appendicitis were either true positive or true negative. 
Among incorrect diagnoses, false-positives were made 
more frequently than false-negatives. This tendency was 
also observed in the comparison between the preliminary 
and addendum reports, where it was more frequent for the 
addendum reports to negate the presence of appendicitis 
that had been suggested in the preliminary report (2.2% 
on 2-mSv CT and 3.5% on CDCT) rather than vice versa 
(1.1% on 2-mSv CT and 1.7% on CDCT). This reflects the 
residents’ relative lack of diagnostic confidence and their 
concern regarding patients’ immediate discharge following a 
false-negative diagnosis. False-positive diagnoses may not 
directly result in a negative appendectomy because some 
preparation time is generally required preoperatively, during 
which an attending radiologist may revise the diagnosis via 
an addendum report. Such a lack of diagnostic confidence 
is also reflected in the fact that a substantial portion of the 
discrepancies between preliminary and addendum reports 
involved an appendiceal likelihood score of 3 (indeterminate 
regarding the presence of appendicitis). 

Although we observed that the sensitivity and specificity of 
the preliminary reports were similar to those of the addendum 
reports, we did not perform a formal statistical comparison 
between the preliminary and addendum reports. This was 
because some addendum reports may have been issued after 
patient disposition was already determined. For example, an 
attending radiologist may have issued an addendum report 
with the surgical report available for reference. 

We did not perform non-inferiority or equivalence 
tests for our comparisons because such analyses are 
meaningless without a predetermined non-inferiority or 
equivalence margin before data collection [34,35]. Although 
no statistically significant between-group difference was 
present in any of the analyzed endpoints, we observed 
a slightly higher number of negative appendectomies 
performed in the 2-mSv CT group than those in the CDCT 
group, with 95% CI of the between-group difference 
straddling asymmetrically around zero (e.g., -0.7%–2.3%). 
This trend was also observed in the main trial [2] and is 
likely attributable to inherent differences in radiation dose 
rather than to differences in residents’ performance relative 
to that of attending radiologists. 

Our study has several limitations. First, despite the large-
scale and pragmatic nature of the trial, the generalizability 
of our data may still be compromised to some extent. 

The catchment area is limited to South Korea, where an 
extremely large body habitus is rare, CT is highly utilized, 
and non-surgical treatment for appendicitis is rarely 
performed. All participating sites were teaching hospitals. 
All potential radiologists were encouraged to complete 
an online training course on 2-mSv CT before the trial 
initiation. Second, our consideration of a likelihood score of 
3 (indeterminate likelihood for appendicitis) as a positive 
index test result for appendicitis may have affected the 
diagnostic performance to some degree, particularly in the 
direction of inflating sensitivity. Third, verification bias may 
have affected the 2-mSv CT and CDCT groups differently 
as underestimation of incipient appendicitis with mild 
inflammation that resolves without appendectomy [36,37] 
is likely to occur more frequently with 2-mSv CT than that 
with CDCT. Fourth, although we used data from a randomized 
trial, our comparison was made between subsets of patients 
whose CTs scans were initially read by residents in each 
of the 2-mSv CT and CDCT groups. To preserve between-
group comparability achieved via randomization as much as 
possible, we counted the number of negative appendectomy 
and appendiceal perforation among all patients instead of 
using the conventional definition of “negative appendectomy 
rate” and “appendiceal perforation rate.” Fifth, radiologists 
were not randomized between the 2-mSv CT and CDCT 
groups. However, because the radiologists at each site read 
2-mSv CT or CDCT in their daily practice, we assumed that 
the radiologists in the two groups were virtually the same. 

In conclusion, no significant differences were identified 
in the diagnostic performance and clinical outcomes 
between the 2-mSv CT and CDCT groups following the 
preliminary reading of CT examinations by radiology 
residents in patients with suspected appendicitis. Our 
study bolsters the evidence that 2-mSv CT can be used to 
diagnose appendicitis after online training even when the 
involved radiologists are residents. 
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