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der 14 with suspected appendicitis [7]. Un-
like MRI, US has the benefit of being widely 
available and has lower associated charges, 
yet its widespread adoption has been hin-
dered by its highly variable performance 
caused by variation in the technical skills of 
sonographers as well as patient habitus and 
ability and willingness to lie still [8, 9]. Con-
sequently, several studies have evaluated the 
use of MRI for the diagnosis of appendicitis, 
particularly when evaluating pregnant pa-
tients and children [10, 11]. Meta-analyses of 
these studies show that the diagnostic accu-
racy of MRI for the diagnosis of acute appen-
dicitis is very similar to that of CT [12, 13].

At many institutions, general radiologists 
interpret imaging tests of children and young 
adults from the emergency department. 
However, studies have shown that clinically 
significant findings may be missed by read-
ers who are not trained in pediatric radiology, 
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M
DCT is well established for the 
accurate evaluation of acute, 
nontraumatic abdominal pain 
and is the most widely used im-

aging modality to diagnose appendicitis in 
the United States [1–5]. Routine preoperative 
imaging has been shown to significantly de-
crease negative laparotomy rates; one center 
reported a 90% reduction in unnecessary 
surgeries when CT was used regularly to 
confirm the diagnosis of appendicitis [6].

However, given the concern regarding the 
ionizing radiation exposure associated with 
CT scans, radiation-free imaging modalities, 
including ultrasound (US) and MRI, have 
been proposed as alternate first-line tests, es-
pecially for children. In fact, the American 
College of Radiology Appropriateness Crite-
ria for right lower quadrant pain (suspected 
appendicitis) favors the use of US as the first 
imaging modality for evaluating children un-
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OBJECTIVE. Appendicitis is frequently diagnosed in the emergency department, most 
commonly using CT. The purpose of this study was to compare the diagnostic accuracy of 
contrast-enhanced MRI with that of contrast-enhanced CT for the diagnosis of appendicitis in 
adolescents when interpreted by abdominal radiologists and pediatric radiologists. 

SUBJECTS AND METHODS. Our study included a prospectively enrolled cohort of 
48 patients (12–20 years old) with nontraumatic abdominal pain who underwent CT and MRI. 
Fellowship-trained abdominal and pediatric radiologists reviewed all CT and MRI studies 
in randomized order, blinded to patient outcome. Likelihood for appendicitis was rated on a 
5-point scale (1, definitely not appendicitis; 5, definitely appendicitis) for CT, the unenhanced 
portion of the MRI, and the entire contrast-enhanced MRI study. ROC curves were gener-
ated and AUC compared for each scan type for all six readers and then stratified by radiolo-
gist type. Image test characteristics, interrater reliability, and reading times were compared. 

RESULTS. Sensitivity and specificity were 85.9% (95% CI, 76.2–92.7%) and 93.8% (95% 
CI, 89.7–96.7%) for unenhanced MRI, 93.6% (95% CI, 85.6–97.9%) and 94.3% (95% CI, 90.2–
97%) for contrast-enhanced MRI, and 93.6% (95% CI, 85.6–97.9%) and 94.3% (95% CI, 90.2–
97%) for CT. No difference was found in the diagnostic accuracy or interpretation time when 
comparing abdominal radiologists to pediatric radiologists (CT, 3.0 min vs 2.8 min; contrast-
enhanced MRI, 2.4 min vs 1.8 min; unenhanced MRI, 1.5 min vs 2.3 min). Substantial agree-
ment between abdominal and pediatric radiologists was seen for all methods (κ = 0.72–0.83). 

CONCLUSION. The diagnostic accuracy of MRI to diagnose appendicitis was very 
similar to CT. No statistically significant difference in accuracy was observed between imag-
ing modality or radiologist subspecialty. 
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even when evaluating something as seeming-
ly straightforward as chest radiographs [14]. 
Cross-sectional imaging adds another layer 
of complexity, and although previous reports 
have presented the discrepancy rate of on-
call radiology residents when compared with 
specialty-trained faculty radiologists [15], 
few have assessed the discrepancies between 
interpretations of differently trained subspe-
cialty radiologists. One comparison found 
that many additional, previously unidentified 
injuries were found when the abdominal CT 
scans of pediatric trauma patients referred to 
a trauma center were reinterpreted by pediat-
ric radiologists [16].

In light of this background, we aimed to as-
sess two key issues in this study. Our primary 
goal was to determine and compare the diag-
nostic accuracy of a contrast-enhanced MRI 
protocol versus contrast-enhanced CT for the 
diagnosis of acute appendicitis in young pa-
tients. Our secondary goal was to determine 
the difference, if any, in the test accuracy of 
MRI and CT when interpreted by fellow-
ship-trained pediatric radiologists versus fel-
lowship-trained abdominal radiologists. We 
hypothesized that the test accuracy of MRI 
would be similar to that of CT but that the ac-
curacy would be superior when images were 
interpreted by pediatric radiologists when 
compared with abdominal radiologists.

Subjects and Methods
Study Design

This study is a subanalysis of a prospective sin-
gle-center study of patients presenting with acute 
nontraumatic abdominal pain to the emergency 
department of an academic tertiary care hospi-
tal conducted between February 2012 and August 
2014. The study was compliant with HIPAA and 
was approved by the institutional review board of 
the University of Wisconsin-Madison. All subjects 
underwent contrast-enhanced CT for clinical care, 
followed immediately by contrast-enhanced MRI, 
which was performed for research purposes only. 
The imaging protocol has been reported [17]. Brief-
ly, it includes unenhanced T2-weighted imaging, 
contrast-enhanced T1-weighted imaging, and DWI.

Patient Selection
Patients were eligible for study participation if 

they were 12–20 years old and had a CT ordered 
by the emergency department treatment team be-
cause of clinical concern for possible appendicitis. 
The reason for the lower age cutoff was to decrease 
the likelihood of needing sedation to undergo MRI. 
Exclusion criteria included standard contraindica-
tions to MRI (metallic implants, claustrophobia) or 

gadolinium-based contrast agents or the inability to 
provide informed consent or assent.

Study Procedure
After informed consent was obtained, CT was 

performed using our institution’s routine imaging 
protocol, which includes an oral contrast prepa-
ration for patients 18 years old or older, and no 
oral contrast material for patients younger than 18 
years old. All patients received IV iodinated con-
trast material (Omnipaque 300, GE Healthcare); 
CT images were then acquired in the portal ve-
nous phase. Within 2 hours of completing CT, pa-
tients underwent research MRI, then went back to 
the emergency department to continue their care. 
If patients were not able to complete the study be-
cause of worsening clinical status or withdrawal 
by patient choice, the MRI was terminated and 
they were brought back to the emergency depart-
ment. Image sets (MRI, CT) were assigned a ran-
domly generated study identification number and 
were then kept in a de-identified study folder with-
in our PACS for interpretation at a later time, sub-
sequent to the index emergency department visit.

Image Analysis
Three attending, fellowship-trained academic 

radiologists (with 6, 5, and 2 years’ postfellowship 
experience) and three attending, fellowship-trained 
pediatric radiologists (with 4, 3, and 2 years’ post-
fellowship experience) independently reviewed all 
CT and MR images during separate sessions and in 
randomized order, without knowledge of the origi-
nal CT interpretation or any clinical information 
about the patient other than the suspicion for ap-
pendicitis. Abdominal radiologists were involved 
in the parent study of this project and read approx-
imately 200 examinations, whereas pediatric radi-
ologists only read the images of patients who were 
20 years old or younger. The randomized image in-
terpretation list was different for each radiologist. 
Using standardized data reporting forms, CT and 
MR images were interpreted by each radiologist at 
different times to ensure that interpretation of one 
imaging type (MRI vs CT) was not influenced by 
the appearance of the other. Though MRI sequenc-
es (contrast-enhanced and unenhanced MRI) were 
read at the same time, radiologists were asked to 
first interpret unenhanced MRI using the data re-
porting form and then to complete another data re-
porting form for contrast-enhanced MRI to ascer-
tain whether contrast enhancement was useful for 
rendering an interpretation. DWI was included in 
the unenhanced MRI sequences. Radiologists rat-
ed the likelihood of acute appendicitis on a 5-point 
Likert scale (1, definitely no appendicitis; 2, prob-
ably no appendicitis; 3, possible appendicitis or 
unsure; 4, probably appendicitis; 5, definitely ap-

pendicitis). They were also asked to record their in-
terpretation time for the CT, unenhanced MRI, and 
contrast-enhanced MRI.

To determine the ground truth with regard to 
the presence of appendicitis, a trained data ab-
stracter reviewed the electronic medical record of 
all patients enrolled. In patients who underwent 
appendectomy, findings from all surgical and 
pathologic reports were abstracted. For those who 
did not undergo appendectomy, data from all fol-
low-up visits were abstracted to determine wheth-
er the patient subsequently received a diagnosis of 
appendicitis or another cause for their symptoms. 
Additionally, these patients underwent a follow-
up telephone interview 1 month after their index 
emergency department encounter using a standard 
script. The purpose of the telephone interview was 
to assess whether patients were evaluated for the 
same symptoms subsequent to the index encoun-
ter, underwent interval appendectomy, or received 
a diagnosis of another cause for their abdominal 
pain. In addition, three of the nonreader authors 
(two radiologists and an emergency physician) 
served as an expert panel to review all abstract-
ed data and render a determination regarding the 
ground truth (appendicitis or not) for each patient, 
which served as the reference standard.

Statistical Analysis
Using the reference standard detailed already 

and the radiologists’ scores for the likelihood of 
appendicitis, sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value 
(NPV) as well as positive and negative likelihood 
ratios for CT, unenhanced MRI, and contrast-en-
hanced MRI were calculated. A score of 4 (proba-
bly appendicitis) or 5 (definitely appendicitis) was 
considered a positive test result, whereas a score of 
less than 4 (1, definitely no appendicitis; 2, proba-
bly no appendicitis; 3, possible appendicitis or un-
sure) was considered a negative test result for the 
presence of appendicitis. ROC curves for the like-
lihood of appendicitis using each imaging modal-
ity were generated and their corresponding AUCs 
were calculated. The Cohen kappa statistic was 
used to determine the interrater reliability of each 
image type. Mean image interpretation times were 
also calculated. Results are reported for all six ra-
diologists combined as well as stratified by radi-
ologist type (abdominal vs pediatric radiologists), 
with their respective 95% CIs.

Results
Patient Characteristics

During the study period, we enrolled a to-
tal of 230 patients for our parent study. Of 
these, 48 patients were in the age range that 
was of interest for this study (12–20 years 
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old; mean age ± SD, 17.1 ± 2.46 years; 28 fe-
male [58.3%], 20 male [41.7%]). All MRI ex-
aminations were technically adequate, show-
ing that image quality was not a limitation 
for the purposes of making or excluding di-
agnoses. Mean time between CT and MRI 
scans was 54 ± 35 minutes. The prevalence 
of appendicitis in this cohort of children and 
young adults was 27% (13/48).

Diagnostic Accuracy
Data from and analysis of the main study 

determined that a score of 4 was the opti-
mal threshold for determining test positivi-
ty. Using this cutoff value, summary sensi-

tivity and specificity of each image type for 
all radiologists were as follows: for unen-
hanced MRI, 85.9% (95% CI, 76.2–92.7%) 
and 93.8% (95% CI, 89.7–96.7%); for con-
trast-enhanced MRI, 93.6% (95% CI, 85.6–
97.9%) and 94.3% (95% CI, 90.2–97%); and 
for CT, 93.6% (95% CI, 85.6–97.9%) and 
94.3% (95% CI, 90.2–97%), respectively. We 
found no statistically significant difference 
in either the sensitivity or the specificity of 
unenhanced MRI, contrast-enhanced MRI, 
or CT for the diagnosis of appendicitis.

Broken down by radiologist type, the sensi-
tivity and specificity of unenhanced MRI for 
abdominal radiologists were 84.6% (95% CI, 

69.5–94.1%) and 89.5% (95% CI, 82–94.7%) 
compared with 87.2% (95% CI, 72.6–95.7%) 
and 98.1% (95% CI, 93.3–99.8%) for pediat-
ric radiologists. For contrast-enhanced MRI, 
sensitivity and specificity for abdominal radi-
ologists were 100% (95% CI, 91–100%) and 
91.4% (95% CI, 84.4–96%) and 87.2% (95% 
CI, 72.6–95.7%) and 97.1% (95% CI, 91.9–
99.4%) for pediatric radiologists. For CT, ab-
dominal radiologists had a sensitivity and 
specificity of 94.9% (95% CI, 82.7–99.4%) 
and 92.4% (95% CI, 85.5–96.7%) compared 
with 92.1% (95% CI, 79.1–98.4%) and 96.2% 
(95% CI, 90.5–99%) for pediatric radiologists. 
Table 1 reports PPVs, NPVs, and likelihood 

TABLE 1: Comparison of Test Characteristics Between Modalities

Test Characteristic Sensitivity (%) Specificity (%) PPV (%) NPV (%) Positive LR Negative LR AUC

Unenhanced MRI 85.9 93.8 83.8 94.7 13.9 0.15 0.93

95% CI 76.2–92.7 89.7–96.7 73.8–91.1 90.7–97.3 8.1–23.7 0.09–0.26 0.89–0.97

Pediatric radiologists

Mean 87.2 98.1 94.4 95.4 45.8 0.13 0.93

95% CI 72.6–95.7 93.3–99.8 81.3–99.3 89.5–98.5 11.5–181.6 0.06–0.3 0.87–0.99

Range 76.9–100 97.1–100 90.9–100 91.9–100 26.9-∞ 0–0.24 0.86–1

Abdominal radiologists

Mean 84.6 89.5 75 94 8.1 0.17 0.93

95% CI 69.5–94.1 82–94.7 59.7–86.8 87.4–97.8 4.6–14.4 0.08–0.36 0.88–0.97

Range 76.9–100 85.7–94.3 71.4–83.3 91.1–100 6.7–13.5 0–0.26 0.90–0.95

Contrast-enhanced MRI 93.6 94.3 85.9 97.5 16.4 0.07 0.94

95% CI 85.6–97.9 90.2–97 76.6–92.5 94.4–99.2 9.4–28.5 0.03–0.16 0.91–0.97

Pediatric radiologists

Mean 87.2 97.1 91.9 95.3 30.5 0.13 0.94

95% CI 72.6–95.7 91.9–99.4 78.1–98.3 89.4–98.5 9.9–93.7 0.06–0.3 0.89–0.99

Range 69.2–100 94.3–100 86–100 89–100 16.2–00 0–0.31 0.89–1

Abdominal radiologists

Mean 100 91.4 81.3 100 11.7 0 0.96

95% CI 90–100 84.4–96 67.4–91.1 96.2–100 6.3–21.8 0–0 0.94–0.99

Range 100–100 88.6–94.3 76–87 100–100 8.8–11.7 0–0 0.95–0.98

Contrast-enhanced CT 93.6 94.3 85.9 97.5 16.4 0.07 0.97

95% CI 85.6–97.9 90.2–97 76.6–92.5 94.4–99.2 9.4–28.5 0.03–0.16 0.94–0.99

Pediatric radiologists

Mean 92.3 96.2 90 97.1 24.2 0.08 0.96

95% CI 79.1–98.4 90.5–99 76.3–97.2 91.8–99.4 9.2–63.6 0.03–0.24 0.92–1

Range 94.6–100 91.4–100 80–100 94.4–100 10.8-∞ 0–0.16 0.94–1

Abdominal radiologists

Mean 94.9 92.4 82.2 98 12.5 0.06 0.98

95% CI 82.7–99.4 85.5–96.7 68–92 92.9–99.8 6.4–24.3 0.01–0.21 0.95–1

Range 84.6–100 88.6–94.3 73–86.7 93.9–100 7.4–17.5 0–0.17 0.94–1

Note—PPV = positive predictive value, NPV = negative predictive value, LR = likelihood ratio.
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ratios. Using the McNemar test to evaluate for 
differences in test accuracy when comparing 
pediatric to abdominal radiologists, the only 
statistically significant difference observed 
was in the accuracy of contrast-enhanced 
MRI (p = 0.006). The remaining comparisons 
were not statistically significant.

The interrater reliability (κ) was 0.72 (95% 
CI, 0.56–0.89) for unenhanced MRI, 0.78 
(95% CI, 0.62–0.95) for contrast-enhanced 
MRI, and 0.83 (95% CI, 0.67–1) for CT. Ta-
ble 2 shows the examination scoring by mo-
dality for each reviewer.

ROC Curve Analysis
The ROC curves and respective AUCs are 

depicted in Fig. 1. There was no statistical-
ly significant difference between the AUCs 
when comparing the various imaging test 
types. The point estimate for AUC was great-
est for CT at 0.97 (95% CI, 0.94–0.99); it was 
0.93 (95% CI, 0.89–0.97) for unenhanced 
MRI and 0.94 (95% CI, 0.91–0.98) for con-
trast-enhanced MRI.

Interpretation Time
For CT, mean interpretation time for ab-

dominal radiologists was 3.0 min (95% CI, 

2.4–3.6 min) compared with 2.8 min (95% 
CI, 2.2–3.4 min) for pediatric radiologists 
(p = 0.57; mean for all reviewers, 2.9 min). 
Interpretation time for unenhanced MRI was 
1.5 min (95% CI, 0.9–2.2 min) for abdomi-
nal radiologists compared with 2.3 min (95% 
CI, 1.7–2.9) for pediatric radiologists (p = 
0.074; mean for all reviewers, 1.9 min). For 
contrast-enhanced MRI, abdominal radiolo-
gists needed a mean time of 2.4 min (95% 
CI, 1.8–3.0 min), compared with 1.8 min 
(95% CI, 1.1–2.4 min) for the pediatric ra-
diologists (p = 0.132; mean for all reviewers, 
3.1 min). No statistically significant differ-
ence was seen in the interpretation times of 
the different modalities when comparing ra-
diologist types. When comparing interpreta-
tion time of imaging types (i.e., CT vs unen-
hanced MRI, CT vs contrast-enhanced MRI, 
and contrast-enhanced MRI vs unenhanced 
MRI), all comparisons revealed statistically 
significant differences (unenhanced MRI vs 
contrast-enhanced MRI for pediatric radiol-
ogists, p = 0.002; otherwise, p < 0.001).

Relevant Examples
Figures 2–4 show examples of CT and 

MR images from patients included in this 

study, including two cases of appendicitis 
(Figs. 2 and 3) and a case of an acute exacer-
bation of Crohn disease (Fig. 4). Figure cap-
tions describe how the radiologists interpret-
ed the cases.

Discussion
In this study, we found that the diagnostic 

accuracies of MRI and CT for the diagnosis 
of acute appendicitis in adolescents and young 
adults presenting with abdominal pain are very 
similar. Moreover, we did not find a statistical-
ly significant difference in the test character-
istics of MRI for the diagnosis of appendici-
tis when interpreted by abdominal radiologists 
versus pediatric radiologists. Interpretation 
times for MRI were longer than CT, but there 
was no statistically significant difference in in-
terpretation time when comparing abdominal 
radiologists to pediatric radiologists.

The highest sensitivity values for abdom-
inal radiologists were observed when read-
ing contrast-enhanced MRI, whereas pedi-
atric radiologists demonstrated their highest 
sensitivity when interpreting CT. Specificity 
values were highest for abdominal radiolo-
gists when interpreting CT compared with 
unenhanced MRI for pediatric radiologists. 
Notably, unenhanced MRI was more accu-
rately interpreted by pediatric radiologists 
when compared with abdominal radiologists. 
This result may be related to pediatric radi-
ologists having more experience and com-
fort with the interpretation of unenhanced 
MRI in general compared with abdominal 
radiologists. Interrater reliability was slight-
ly higher for CT compared with contrast-en-
hanced and unenhanced MRI, but we believe 
this difference is negligible and should not 
affect the test choice.

A study conducted by Rosines et al. [18] 
reported that contrast-enhanced images are 
helpful for the assessment of acute appen-
dicitis in the pediatric population. However, 
those authors did not include DWI in their 
MRI protocol, which has proven valuable 
in other abdominal and bowel diseases [19]. 
Bayraktutan et al. [20] compared DWI with 
conventional unenhanced MRI and found 
that the combination of all sequences led to 
best sensitivity (92%) when evaluating for 
acute appendicitis. Our study is the first to 
compare unenhanced MRI versus contrast-
enhanced MRI for the detection of appen-
dicitis in pediatric patients, including the 
use of DWI. We did not detect a statistically 
significant difference between unenhanced 
MRI compared with contrast-enhanced MRI 

TABLE 2: Examination Scoring for Each Reviewer and Modality

Score

Abdominal Radiologist Pediatric Radiologist

1 2 3 1 2 3

Unenhanced MRI

1 8 8 8 16 30 32

2 22 22 18 14 5 2

3 6 4 4 6 2 1

4 2 8 2 4 3 2

5 10 6 16 8 8 11

Contrast-enhanced MRI

1 14 16 10 24 33 32

2 17 14 19 10 5 2

3 2 2 2 0 0 1

4 3 2 1 4 1 0

5 12 14 16 10 9 13

Contrast-enhanced CT

1 23 22 23 28 35 33

2 7 8 7 5 1 0

3 3 3 3 0 0 2

4 3 3 2 3 1 1

5 12 12 13 12 11 12

Note—Scores were assigned according to a 5-point Likert scale: 1, definitely no appendicitis; 2, probably no 
appendicitis; 3, possible appendicitis or unsure; 4, probably appendicitis; 5, definitely appendicitis.

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 2

60
3:

60
00

:8
14

0:
18

63
:d

c1
7:

e7
69

:b
85

1:
22

95
 o

n 
12

/2
9/

20
 f

ro
m

 I
P 

ad
dr

es
s 

26
03

:6
00

0:
81

40
:1

86
3:

dc
17

:e
76

9:
b8

51
:2

29
5.

 C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



AJR:209, October 2017 915

MRI Versus CT of Pediatric Acute Appendicitis

for either radiologist type, nor was there a 
difference when we combined the interpreta-
tions of all radiologists.

Each imaging modality has its own ben-
efits and drawbacks apart from the diagnos-
tic accuracy and interreader agreement: Con-
trast-enhanced CT and contrast-enhanced 
MRI require IV access, whereas an unen-
hanced MRI can be performed without this 
burden, which can be beneficial in an al-
ready anguished pediatric patient. MRI (un-
enhanced or contrast-enhanced) on the other 
hand, is often not as readily available as CT, 
but CT carries the burden of radiation expo-
sure. Therefore, we believe that these advan-
tages and disadvantages favor MRI, espe-
cially unenhanced MRI.

There are a number of limitations in our 
study. First, appendicitis most commonly af-
flicts patients aged 10–19 years, with a rate 
of 23.3 cases per 10,000 per year [21]. There-
fore, only enrolling patients who were over 
12 years old may have missed a small but 
relevant segment of patients. These patients 
are routinely evaluated by pediatric radiolo-
gists, which may have impacted our ability 
to detect a difference in interpretation accu-
racy between the two types of radiologists. 
Patients younger than 12 years may require 
sedation for MRI, which was the reason that 
younger patients were not included in this 
study. Furthermore, by expanding the upper 
age limit to 20 years, we included a cohort 
of patients with whom pediatric radiologists 
have less experience. Another limitation is 
the sample size for this study; we included 
48 patients for this analysis, which may have 
limited the ability to observe a statistically 
significant difference between CT and MRI 
as well as between the diagnostic accuracy of 
abdominal versus pediatric radiologists. Al-
though the study may be too small to detect 
a statistical difference, the degree of clinical 
difference between tests was minimal.

Finally, differential training between radi-
ologist types may also have biased our results. 
All abdominal radiologists in our study inter-
preted over 200 cases for our parent study, 
whereas the pediatric radiologists only inter-
preted the 48 cases presented in this substudy. 
Results from Leeuwenburgh et al. [22] sug-
gest that diagnostic accuracy may improve 
after interpreting approximately 100 exami-
nations. Even so, all of the pediatric and ab-
dominal radiologists involved in this study 

had significant experience in the interpreta-
tion of MRI of the bowel, including MR en-
terography, which may limit generalizability.

In conclusion, in this small prospective 
study, we did not detect a statistically or clini-
cally significant difference in diagnostic per-
formance of CT versus MRI for acute ap-
pendicitis in patients 12–20 years old. No 
significant difference in the diagnostic accu-
racy or interpretation times was observed be-
tween abdominal and pediatric radiologists. 
When using only unenhanced MRI, pediatric 
radiologists showed improved sensitivity and 
specificity compared with abdominal radiol-
ogists. Training radiologists to read MR im-
ages for possible appendicitis may further in-
crease their diagnostic accuracy.
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Fig. 1—ROC curves. 
A, ROC curve for contrast-enhanced CT for abdominal 
radiologists (black dashed line, AUC = 0.98 [95% CI, 
0.95–1.0]) and pediatric radiologists (blue dotted 
line, AUC = 0.96 [95% CI, 0.92–1.0]). Diagonal line 
represents line of reference.
B, ROC curve for unenhanced MRI for abdominal 
radiologists (black dashed line, AUC = 0.93 [95% CI, 
0.88–0.97]) and pediatric radiologists (blue dotted 
line, AUC = 0.93 [95% CI, 0.87–0.99]). Diagonal line 
represents line of reference.
C, ROC curve for contrast-enhanced MRI for 
abdominal radiologists (black dashed line, AUC = 0.96 
[95% CI, 0.94–0.99]) and pediatric radiologists (blue 
dotted line, AUC = 0.94 [95% CI, 0.89–0.99]). Diagonal 
line represents line of reference.
D, Composite ROC curve depicting accuracy of each 
imaging type when accounting for all six reviewers 
is also presented. Black dashed line represents 
unenhanced MRI (AUC = 0.93 [95% CI, 0.89–0.97]), 
blue dotted line represents contrast-enhanced MRI 
(AUC = 0.98 [95% CI, 0.91–0.97]), and red dashed 
line represents contrast-enhanced CT (AUC = 0.97 
[95% CI, 0.94–0.99]). Diagonal line represents line of 
reference.
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Fig. 2—17-year-old girl with acute abdominal pain 
correctly diagnosed as acute appendicitis. All six 
radiologists rated this case as definitely appendicitis 
(score, 5) in all imaging modalities (appendix indicated 
by arrow).
A and B, Unenhanced coronal T2-weighted 
MRI sequence (A) and axial DWI sequence (B). 
Appendicolith is seen (arrowhead, A).

B (Fig. 2 continues on next page)
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C

Fig. 2 (continued)—17-year-old girl with acute 
abdominal pain correctly diagnosed as acute 
appendicitis. All six radiologists rated this case 
as definitely appendicitis (score, 5) in all imaging 
modalities (appendix indicated by arrow).
C and D, Coronal contrast-enhanced MR image 
acquired after 90 s (C) and axial contrast-enhanced 
MR image acquired during arterial phase (D).
E and F, Coronal (E) and axial (F) CT scans. 
Appendicoliths are seen (arrowheads).

E

D

F

A

Fig. 3—20-year-old woman with acute abdominal 
pain who underwent appendectomy, confirming 
diagnosis of appendicitis. 
A and B, Unenhanced coronal T2-weighted MRI 
(A) and axial DWI (B) with high signal intensity on 
DWI. Two pediatric radiologists evaluated images 
as definitely no appendicitis (score, 1) and one as 
definitely appendicitis (score, 5), whereas two 
abdominal radiologists rated images as definitely 
appendicitis (score, 5) and one was unsure (score, 3). 
Arrows denote appendix.

B (Fig. 3 continues on next page)
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C

Fig. 3 (continued)—20-year-old woman with acute 
abdominal pain who underwent appendectomy, 
confirming diagnosis of appendicitis. 
C–F, Coronal (C) and axial (D) contrast-enhanced MR 
images show contrast uptake in appendix (arrow) 
as sign of inflammation. Axial (E) and coronal (F) 
contrast-enhanced CT scans show slightly thickened 
and enhancing appendix (arrow). For MR images as 
well as CT scans, one pediatric radiologist stated 
definitely no appendicitis (score, 1) and all others 
rated images as definitely appendicitis (score, 5).

E

D

F

A
Fig. 4—18-year-old woman with acute abdominal pain. 
A and B, Axial (A) and coronal (B) T2-weighted unenhanced MR images shows appendix (arrow). All three pediatric radiologists rated appendicitis likelihood as 2 
(probably no appendicitis), whereas one abdominal radiologist stated 4 (probably appendicitis); another, 3 (possible appendicitis or unsure); and another, 1 (definitely no 
appendicitis). 
C, Contrast-enhanced MRI shows lymphadenopathy (arrow). With contrast-enhanced MRI, two abdominal radiologists rated it 1 (definitely no appendicitis) whereas one 
abdominal and two pediatric radiologists rated it 2 (probably no appendicitis). 
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(Fig. 4 continues on next page)
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D
Fig. 4 (continued)—18-year-old woman with acute abdominal pain. 
D–F, Contrast-enhanced CT. All radiologists agreed on rating of 1 (definitely no appendicitis). Patient was found to have Crohn disease with involvement of cecum (D) and 
ascending colon (E), as well as lymphadenopathy (arrow, F), but no appendicitis. Arrows in D and E denote appendix.
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