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Acute appendicitis is a common cause of abdominal pain 
in patients seen in the emergency department (ED); 

267 585 patients were diagnosed in the United States in 
2012 (1). The use of history and physical examination 
alone leads to an incorrect diagnosis in 8%–30% of pa-
tients being evaluated for appendicitis, historically yield-
ing a high negative laparotomy rate and even, rarely, death 
(2). Furthermore, clinical decision instruments do little to 
improve the accuracy of preoperative diagnosis (3). Fail-
ure to diagnose appendicitis has potential severe adverse 
outcomes, including appendiceal rupture, abscess forma-
tion, and, as noted, rarely death. For this reason, emer-
gency medicine physicians and surgeons in the United 
States routinely rely on cross-sectional imaging to assist in 
the diagnosis. The American College of Radiology recom-
mends the use of computed tomography (CT) for evalua-
tion of most patients for appendicitis, except for pregnant 
and pediatric patients, largely because of its high diagnostic 
accuracy (4,5). The use of routine CT has been shown to 
decrease negative laparotomy rates (6–8), although this has 

led to a substantial increase in the number of CT examina-
tions performed (9–11).

Both scientific and lay publications have paid increased 
attention to the potential harms associated with the ion-
izing radiation exposure from CT (9). A typical abdominal 
and pelvic CT scan exposes patients to 10 mSv of radia-
tion, which has been estimated by some to induce cancer 
in one patient for every 2000 scanned (12). Furthermore, 
epidemiologic studies have estimated that 1.5%–2% of all 
cancers in the United States may be directly attributable to 
CT scans (9). Consequently, imaging modalities that do 
not expose patients to ionizing radiation, including ultra-
sonography (US) and magnetic resonance (MR) imaging, 
have been proposed as alternatives to achieve the same ben-
efits as CT. Enthusiasm for the use of US for the detection 
of appendicitis has been dampened by its widely variable, 
and decidedly inferior, diagnostic accuracy compared with 
CT (13–15). Although currently recommended as the 
first-line imaging examination for suspected appendici-
tis in children, the ability of US to depict the appendix, 
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Purpose:  To compare the accuracy of magnetic resonance (MR) imaging with that of computed tomography (CT) for the diagnosis 
of acute appendicitis in emergency department (ED) patients.

Materials and Methods:  This was an institutional review board–approved, prospective, observational study of ED patients at an 
academic medical center (February 2012 to August 2014). Eligible patients were nonpregnant and 12- year-old or older patients 
in whom a CT study had been ordered for evaluation for appendicitis. After informed consent was obtained, CT and MR imag-
ing (with non–contrast material–enhanced, diffusion-weighted, and intravenous contrast-enhanced sequences) were performed in 
tandem, and the images were subsequently retrospectively interpreted in random order by three abdominal radiologists who were 
blinded to the patients’ clinical outcomes. Likelihood of appendicitis was rated on a five-point scale for both CT and MR imaging. 
A composite reference standard of surgical and histopathologic results and clinical follow-up was used, arbitrated by an expert panel 
of three investigators. Test characteristics were calculated and reported as point estimates with 95% confidence intervals (CIs).

Results:  Analysis included images of 198 patients (114 women [58%]; mean age, 31.6 years 6 14.2 [range, 12–81 years]; preva-
lence of appendicitis, 32.3%). The sensitivity and specificity were 96.9% (95% CI: 88.2%, 99.5%) and 81.3% (95% CI: 73.5%, 
87.3%) for MR imaging and 98.4% (95% CI: 90.5%, 99.9%) and 89.6% (95% CI: 82.8%, 94.0%) for CT, respectively, when a 
cutoff point of 3 or higher was used. The positive and negative likelihood ratios were 5.2 (95% CI: 3.7, 7.7) and 0.04 (95% CI: 0, 
0.11) for MR imaging and 9.4 (95% CI: 5.9, 16.4) and 0.02 (95% CI: 0.00, 0.06) for CT, respectively. Receiver operating charac-
teristic curve analysis demonstrated that the optimal cutoff point to maximize accuracy was 4 or higher, at which point there was no 
difference between MR imaging and CT.

Conclusion:  The diagnostic accuracy of MR imaging was similar to that of CT for the diagnosis of acute appendicitis.
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particularly when the structure is normal, is limited, even in the 
most experienced hands (16). Contrarily, recent studies evaluat-
ing MR imaging in diagnosis of appendicitis have shown prom-
ise, with diagnostic accuracy of MR imaging similar to that of 
CT (17,18).

Use of non–contrast material–enhanced MR imaging to di-
agnose appendicitis in pregnant women is well established, and 
in pediatric patients is gaining traction (19–22). Furthermore, 
recent meta-analyses of the accuracy of MR imaging in the di-
agnosis or exclusion of appendicitis, and in the identification of  
alternative diagnoses, in nonpregnant patients have demonstrated 
high diagnostic performance (23,24). However, no study to date 
has systematically compared the diagnostic accuracy of CT with 
MR imaging in a prospectively enrolled cohort, to our knowl-
edge. In addition, the usefulness of gadolinium-based contrast 
agents with MR imaging has received little attention, yet such 
agents are regularly used in MR enterography for the follow-
up of patients with inflammatory bowel disease. Therefore, the 
purpose of our prospective study was to determine the diagnostic 
accuracy of intravenous contrast-enhanced MR imaging, with 
direct comparison to intravenous contrast-enhanced CT, in di-
agnosis of acute appendicitis in adults and adolescents present-
ing in the ED with abdominal pain.

Materials and Methods

Study Design and Setting
This was a prospective, observational study of a convenience 
sample of patients being evaluated for appendicitis at an aca-
demic medical center from February 2012 to August 2014. 
The study was compliant with the Health Insurance Portability 
and Accountability Act and was approved by the institutional 
review board. Written informed consent was obtained for all 
adult subjects. In the case of minors, written informed consent 
was obtained from at least one parent or guardian, and written 
informed assent was obtained from the minor.

Sample Selection
Patients were eligible for enrollment if they were at least 12 years 
old and had been ordered to undergo CT for evaluation for 

appendicitis during study hours (in general, weekdays 7 am to 
11 pm and weekends 7 am to 3 pm until May 2014, at which 
point an in-house MR technologist was available 24 hours per 
day). Our age cutoff point was selected with input from pe-
diatric emergency medicine physicians to minimize the need 
for sedation. Exclusion criteria included contraindications to 
either gadolinium-based contrast material administration or 
MR imaging (eg, metallic implant) or the inability to provide 
informed consent or assent. The ED treatment team screened 
patients for eligibility.

Study Protocol
All patients underwent intravenous contrast-enhanced CT of 
the abdomen and pelvis, which for adult patients included in-
gestion of oral contrast agent (5). After CT, patients underwent 
the research MR imaging protocol and then proceeded back to 
the ED. If patients developed any signs of instability during the 
research study, if they decided to discontinue study participa-
tion, or if the surgical services asserted that the MR imaging 
procedure could negatively affect patient care, the protocol 
was terminated and these patients were brought back to the 
ED. All imaging-based clinical decisions in the ED were made 
solely on the basis of the clinical CT findings. The mean time 
interval between completion of the CT protocol and beginning 
of the MR imaging protocol was 61 minutes (95% confidence 
interval [CI]: 53 minutes, 68 minutes).

Subsequent to the index ED visit, three fellowship-trained 
abdominal radiologists (J.B.R., T.J.Z., and D.R.K., with 2–4 years 
of postresidency experience during the study) independently 
interpreted all MR and CT images, blinded to the patients’ 
clinical information. It should be noted that although the 
MR and CT images were obtained prospectively, the image 
analysis was performed retrospectively. The use of three radi-
ologists allowed for a consensus read to be used and for three 
paired interrater agreement measurements to be calculated for 
all images. Image headers were stripped of all identifiers, and 
patients were assigned randomly generated study identification 
numbers. CT and MR images in the same patient were read 
at different times, and in random order, by each radiologist. 
The randomly generated reading order was different for each 
radiologist.

CT Protocol
CT examinations of the abdomen and pelvis were performed 
with a 64 3 0.625-mm detector configuration scanner (GE 
Healthcare, Waukesha, Wis) after administration of oral con-
trast material (Gastrografin; Bracco Diagnostics, Princeton, NJ) 
and intravenous iohexol (Omnipaque 300; GE Healthcare); 
imaging was performed in the portal venous phase (SmartPrep 
with automated scan initiation). Oral contrast agent, which 
is diluted in 1 L of polyethylene glycol and ingested during  
1 hour, is routinely used at our institution for patients 18 years 
of age or older. Size-specific protocols for small, medium, 
and large body habitus ranged from 100 to 140 kVp, with 
modulated milliampere-seconds (Smart mA with mA range of 
30–600 and noise index of 15–21). Images were reconstructed 
with 5-mm section thickness at 3-mm intervals with use of an 

Abbreviations
AUC = area under the ROC curve, CI = confidence interval, ED = 
emergency department, ROC = receiver operating characteristic

Summary
The diagnostic accuracy of contrast-enhanced MR imaging for the de-
tection of acute appendicitis was similar to the accuracy previously re-
ported for CT and was not statistically different from the accuracy of 
concurrently performed CT studies in this study cohort.

Implications for Patient Care
nn Use of MR imaging for the primary evaluation of acute appendi-

citis, particularly for patients who do not require sedation, may be 
appropriate in centers and practices with adequate resources and 
experience.

nn Minimal training was required to instruct radiologists in interpret-
ing abdominal MR images for the evaluation of acute appendicitis.
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dix was visualized (five-point scale: 1 = definitely not, 2 = prob-
ably not, 3 = not sure/possibly, 4 = probably, 5 = definitely); 
location of the appendix (retrocecal/paracolic, iliac fossa, me-
dial extension, or combination); maximal short-axis width of 
the appendix (in millimeters); appendiceal wall thickening (yes, 
no, or unsure); fluid within the appendiceal lumen (yes, no, or  
unsure); presence of an appendicolith (yes, no, or unsure); de-
gree of periappendiceal inflammation (none, mild, moderate, or 
severe); increased appendix signal at diffusion-weighted imag-
ing (yes, no, or unsure); and overall likelihood of appendicitis 
(five-point scale: 1 = definitely not, 2 = probably not, 3 = not 
sure/possibly, 4 = probably, 5 = definitely). The time required 
to interpret each imaging study was also recorded. Although we 
did allow for comments regarding other nonappendicitis image 
findings, we did not systematically evaluate the accuracy of this 
MR imaging protocol for nonappendicitis diagnoses.

One trained data abstracter (J.B.H.) reviewed the electronic 
medical records of all enrolled patients by using a standard data 
extraction protocol. For the first 10 patients, the abstractor 
trained with the principal investigator to ensure data integrity. 
After these patients, he independently abstracted the data. For 
patients who underwent appendectomy, all surgical and patho-
logic reports were reviewed. For those who did not undergo ap-
pendectomy, the findings from all follow-up visits were reviewed 
to determine if the patient had subsequently been diagnosed 
with appendicitis or another cause of their symptoms. In ad-
dition, these patients underwent a follow-up phone interview 
1 month after their index ED visit by means of a standard-
ized script to assess whether they had been evaluated for the 
same symptoms subsequent to the index ED encounter, had 

iterative image reconstruction protocol (40% adaptive statisti-
cal iterative reconstruction blend with standard filtered back 
projection) in the axial, sagittal, and coronal planes. The  
estimated mean CT radiation dose in this patient cohort was  
8.20 mSv 6 5.34 (range, 1.62–32.72 mSv).

MR Imaging Protocol
MR imaging was performed with clinical 1.5-T units 
(Signa HDxt with a CRM or TwinSpeed gradients, Discov-
ery MR450w; GE Healthcare) by using an eight-channel or 
12-channel phased-array body coil. Details of the MR imag-
ing protocol have been previously reported (25). In brief, it 
included multiple orthogonal planes of T2-weighted single-
shot fast spin-echo imaging, precontrast and postcontrast  
T1-weighted three-dimensional spoiled gradient-echo imag-
ing, and diffusion-weighted imaging. For contrast-enhanced  
T1-weighted imaging, 0.1 mmol/kg of gadobenate dimeglumine 
(MultiHance; Bracco Diagnostics) was administered intrave-
nously at 2 mL/sec, followed by a 20-mL saline flush injected 
at the same rate. A typical protocol (non–contrast-enhanced, 
diffusion-weighted, and contrast-enhanced MR sequences) re-
quired about 30 minutes to complete.

Image Analysis
Radiologists documented multiple end points for each image 
set (MR imaging and CT), including likelihood that the appen-

Figure 1:  Flow diagram of study participants. Abd = abdomen.

Table 1: Patient Characteristics and Associated  
Prevalence of Appendicitis

Age Group (y) and Sex No. of Patients
Appendicitis  
Prevalence (%)

12–20
  F 4/27 15
  M 9/20 45
21–30
  F 6/39 15
  M 12/24 50
31–40
  F 8/21 38
  M 8/22 36
41–50
  F 4/14 29
  M 2/7 29
51–60
  F 5/9 56
  M 1/5 20
61–70
  F 2/2 100
  M 2/3 67
71–81
  F 0/2 0
  M 1/3 33
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study to include three radiologists’ interpretations, the consensus 
interpretation (meaning that at least two radiologists agreed on 
the presence or absence of appendicitis) was used as the primary 
outcome measure. We had a priori set a score of 3 or higher as 
reflecting a positive test result for image interpretation. However, 
receiver operating characteristic (ROC) curve analysis with the 
Youden method for maximizing sensitivity and specificity de-
termined that a score of 4 or higher was the best threshold. We 
therefore calculated the test characteristics, which are reported 
as point estimates with 95% CIs, at both the 3 or higher and 
the 4 or higher thresholds by using the reference standard de-
scribed earlier. ROC curves for the likelihood of appendicitis are 
presented, along with their corresponding areas under the curve 
(AUC). We used the McNemar test to evaluate the difference 
between the test characteristics of MR imaging and CT.

We also performed several planned secondary analyses. 
The mean time to interpret each imaging set was estimated 
with repeated-measures analysis of variance, with imaging 
method as a fixed effect and radiologist and subject as ran-
dom effects. Interrater agreement was assessed with the Cohen  
k statistic. All analyses were performed with R, version 3.1.0 
(www.r-project.org).

undergone interval appendectomy, or had been diagnosed with 
another cause of their abdominal pain. Three of the authors (two 
radiologists [P.J.P. and S.B.R] and one emergency medicine phy-
sician [M.D.R.]), none of whom interpreted the images, served 
as an expert panel to determine true disease state (appendicitis 
or not) for each patient, taking all follow-up data into account.

Sample Size Calculation
The primary outcome for our study was the calculated sensitivity 
and specificity of MR imaging in diagnosis of appendicitis. Previ-
ous studies have reported that CT has both sensitivity and speci-
ficity ranging from 90% to 98% (4,14,15); the prevalence of ap-
pendicitis in the studies of MR test accuracy has typically ranged 
from 30% to 40% (4,18,26). The following parameters were used 
to calculate sample size based on the method described by Buderer 
(27): true sensitivity and specificity, 92%; desired 95% CI width, 
5%; and prevalence of disease, 35%. This yielded a projected need 
for at least 174 patients for the study to be adequately powered.

Statistical Analysis
The primary outcome was sensitivity and specificity of MR im-
aging for the diagnosis of appendicitis. Because we designed the 

Figure 2:  Intravenous contrast-enhanced CT and intravenous contrast-enhanced MR images in a 41-year-old woman with abdominal pain and 
uncomplicated appendicitis (arrowheads). Thin axial and reformatted coronal CT images acquired after administration of iodinated contrast mate-
rial are shown. Selected images from MR imaging protocol are also shown, including coronal and axial postcontrast T1-weighted (T1w) images 
acquired after administration of gadolinium-based contrast material, a coronal T2-weighted (T2w) single-shot fast spin-echo (SSFSE) image, and 
an axial diffusion-weighted image. Both CT and MR images accurately depict appendiceal wall thickening, periappendiceal stranding, and mu-
cosal enhancement. The T2-weighted MR image also depicts periappendiceal fluid, and the inflamed appendix is very conspicuous on the diffusion-
weighted MR image.
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this was not observed at the optimal cutoff level of 4 or higher. 
There was no statistical difference in the number of scans rated 
3 (unsure/possible appendicitis) by consensus for MR imaging 

Results

Characteristics of Study 
Participants
We enrolled and imaged 230 patients 
from February 2012 to August 2014. 
Image sets from the first 20 subjects 
were used as a “training set” for our 
study radiologists. Six subjects were  
excluded because of incomplete MR 
imaging examinations, leaving images 
from 204 patients. Another six sub-
jects were lost to follow-up and were 
also excluded, leaving 198 subjects for 
our final analysis (Fig 1). In this co-
hort, there were 114 women (58%), 
the mean age was 31.6 years 6 14.2 
(range, 12–81 years), and the prevalence 
of appendicitis was 32.3% (64 of 198). 
Demographic information is presented 
in Table 1. During study hours, another 
1224 patients were potentially eligible 
but were not enrolled. Although not 
systematically evaluated, the frequently 
cited reason among the ED staff for 
missing these potential enrollees was 
competing clinical duties, given that 
enrollment was primarily done by fac-
ulty in the ED. An additional 57 pa-
tients consented to enrollment but were 
not imaged. In this nonenrolled or not 
scanned cohort, there were 756 women 
(59%), the mean age was 38.2 years 
(range, 12–97 years), and the prevalence of appendicitis was 
17.9%. There were no adverse events observed in study partici-
pants. Example MR and CT images in a single patient are shown 
in Figure 2. The value of diffusion-weighted imaging is more 
apparent in the example provided in Figure 3.

Main Results
At the 3 or higher threshold, the consensus interpretation of the 
three radiologists had sensitivity and specificity, respectively, of 
96.9% (95% CI: 88.2%, 99.5%) and 81.3% (95% CI: 73.5%, 
87.3%) for MR imaging and 98.4% (95% CI: 90.5%, 99.9%) 
and 89.6% (95% CI: 82.8%, 94.0%) for CT. At the 4 or higher 
level, consensus interpretation had sensitivity and specificity of 
96.9% (95% CI: 88.2%, 99.5%) and 89.6% (95% CI: 82.8%, 
94.0%) for MR imaging and 98.4% (95% CI: 90.5%, 99.9%) 
and 93.3% (95% CI: 87.3%, 96.7%) for CT. The 2 3 2 tables 
for CT and MR imaging at the 4 or higher cutoff level for each 
radiologist and for consensus interpretation are presented in 
Table 2. Predictive values and likelihood ratios for each image 
type are also reported in Table 3. When comparing test char-
acteristics of MR imaging versus CT, there was a statistically 
significant difference in specificity of 8.2% (95% CI: 1.8%, 
14.6%) and a positive likelihood ratio of 0.55 (95% CI: 0.35, 
0.57), favoring CT at the a priori cutoff level of 3 or higher, but 

Figure 3:  Images in 24-year old man with acute nontraumatic right lower quadrant pain. A, 
Sagittal T2-weighted (T2w) single-shot fast spin-echo (SSFSE) MR image, and C, T1-weighted 
(T1w) coronal postcontrast MR image reveal a very long appendix with only slight contrast 
agent uptake, fluid filling, and no obvious wall thickening. B, Diffusion-weighted MR image 
shows restricted diffusion, leading to a diagnosis of appendicitis. D, Corresponding axial  
CT image. Arrow = appendix.

Table 2: 2 3 2 Table for Each Radiologist and Consensus 
Reading for Both CT and MR Imaging

Reading and Finding

MR Imaging CT

Test (+) Test (2) Test (+) Test (2)
Radiologist 1
  Appendicitis 60 19 60 12
  No appendicitis 4 115 4 122
Radiologist 2
  Appendicitis 62 22 62 8
  No appendicitis 2 112 2 126
Radiologist 3
  Appendicitis 62 15 62 6
  No appendicitis 2 119 2 128
Consensus
  Appendicitis 62 2 62 2
  No appendicitis 14 120 9 125

Note.—Data are numbers of patients.
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from 0.69 to 0.77 for MR imaging and from 0.78 to 0.87 for 
CT; they ranged from 0.78 to 0.82 for MR imaging and from 
0.85 to 0.91 for CT at the 4 or higher cutoff value. The full 
comparison is shown in Table 4.

ROC Curve Analysis
Individual radiologist AUCs for the MR imaging ROC curves 
(Fig 4) had values of 0.91–0.96 (AUC for all radiologists = 0.93), 
and the AUCs for the CT ROC curves had values of 0.96–0.98 
(AUC for all radiologists = 0.97).

Time for Interpretation
The mean time required to interpret the contrast-enhanced 
MR protocol was 4.33 minutes (95% CI: 4.21, 4.45), whereas 
CT findings took 2.06 minutes (95% CI: 1.95, 2.18) to in-
terpret (difference: 2.27 minutes [95% CI: 2.12, 2.41]; P , 
.001).

Discussion
In our study, we demonstrated that the diagnostic accuracy of 
intravenous contrast-enhanced MR imaging for the diagnosis 
of acute appendicitis was similar to the accuracy previously 
reported for CT and was not statistically different from the 
accuracy of concurrently performed CT examinations in our 
study cohort. In particular, the sensitivity and specificity of 
MR imaging and CT were not statistically different at the op-
timal cutoff value of 4 or higher in our prospectively enrolled 
population (although study interpretations were performed 
retrospectively, after the index ED visit). Moreover, the inter-
rater agreement for both CT and MR imaging was substantial 
among our three radiologists, supporting the assertion that 
radiologists can reliably interpret these images in a consistent 
manner. Based on these results, we propose that intravenous 
contrast-enhanced MR imaging may be a viable initial imaging 
option for the evaluation of appendicitis in the ED in nonpreg-
nant patients.

Although several studies have evaluated the efficacy of 
MR imaging in the diagnosis of appendicitis, the majority 
were conducted in select populations including pregnant pa-
tients, pediatric patients, and patients already scheduled to 
undergo appendectomy. Our study addressed this by keep-
ing our enrollment criteria broad: We limited recruitment 

(15 [7.6%]) and CT (six [3.0%]; P = .646). We also performed 
a post-hoc power calculation for a test of noninferiority in the 
consensus sensitivity between MR imaging and CT. Assuming 
that an acceptable difference in sensitivity could be no larger 
than 5% and by using the data that we collected, we would 
have approximately 91% power with 134 subjects if we were to 
perform this study again.

Unenhanced versus Contrast-enhanced  
MR Accuracy
The test characteristics for non–contrast-enhanced MR im-
ages by consensus interpretation at the 3 or higher cutoff level 
were sensitivity of 95.3% (95% CI: 86%, 98.8%), specificity 
of 82.8% (95% CI: 75.1%, 88.6%), positive predictive value 
of 72.6% (95% CI: 61.6%, 81.5%), negative predictive value 
of 97.4% (95% CI: 91.9%, 99.3%), positive likelihood ratio 
of 5.6 (95% CI: 4.0, 8.5), and negative likelihood ratio of 
0.06 (95% CI: 0, 0.13). In comparing non–contrast-enhanced 
MR imaging and contrast-enhanced MR imaging at the  
3 or higher cutoff level, the sensitivities (95.3% vs 96.9%, P = 
.317), specificities (82.8% vs 81.3%, P = .564), positive likeli-
hood ratios (5.2 vs 5.6, P = .644), and negative likelihood ratios 
(0.04 vs 0.06, P = .344) had no statistically significant differ-
ence. Similar results were found when comparing non–con-
trast-enhanced MR test characteristics and contrast-enhanced 
MR imaging characteristics at the 4 or higher cutoff level.

Individual Radiologist Accuracy
For a threshold of 3 or higher, the individual sensitivity and 
specificity of MR imaging ranged from 95.3% to 98.4% and 
from 77.6% to 80.6%, respectively, among the three radiolo-
gists. The corresponding individual sensitivity and specificity 
values for CT were 95.3%–98.4% and 85.8%–89.6%, respec-
tively. At the 4 or higher threshold, the sensitivity and specificity 
of the MR imaging protocol ranged from 93.8% to 96.9% and 
from 83.6% to 88.8% for each radiologist, and from 93.8% to 
96.9% and from 91.0% to 95.5% for CT, respectively.

Interrater Agreement Measurement
We used the Cohen k statistic to measure interrater agree-
ment of MR imaging and CT for diagnosis of appendicitis. 
At a threshold of 3 or higher, the estimates for k values ranged 

Table 3: Test Characteristics of MR Imaging and CT

Threshold Sensitivity Specificity PPV NPV LR(+) LR(2)

Likelihood 3
  MR 96.9 (88.2, 99.5) 81.3 (73.5, 87.3) 71.3 (60.4, 80.2) 98.2 (93.0, 99.7) 5.2 (3.7, 7.7) 0.04 (0.00, 0.11)
  CT 98.4 (90.5, 99.9) 89.6 (82.8, 94.0) 81.8 (71.0, 89.4) 99.2 (94.8, 100) 9.4 (5.9, 16.4) 0.02 (0.00, 0.06)
  P value .564 .012 .010 .511 .011 .522
Likelihood 4
  MR 96.9 (88.2, 99.5) 89.6 (82.8, 94.0) 81.6 (70.7, 89.2) 98.4 (93.6, 99.7) 9.3 (5.9, 16.4) 0.03 (0.00, 0.09)
  CT 98.4 (90.5, 99.9) 93.3 (87.3, 96.7) 87.5 (77.1, 93.8) 99.2 (95.0, 100) 14.7 (8.5, 32.7) 0.02 (0.00, 0.06)
  P value .564 .166 .152 .541 .156 .55

Note.—Except where otherwise indicated, data are percentages, with 95% confidence intervals in parentheses. LR(+) = positive likelihood 
ratio, LR(2) = negative likelihood ratio, NPV = negative predictive value, PPV = positive predictive value.
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Table 4: Interrater Agreement Reported as k Values

Modality and Radiologist

3 Threshold 4 Threshold

Radiologist 1 Radiologist 2 Radiologist 1 Radiologist 2
MR imaging
  Radiologist 2 0.78 (0.64, 0.92) … 0.82 (0.68, 0.96) …
  Radiologist 3 0.76 (0.62, 0.90) 0.69 (0.56, 0.83) 0.81 (0.67, 0.95) 0.78 (0.64, 0.92)
CT
  Radiologist 2 0.82 (0.68, 0.96) … 0.85 (0.71, 0.99) …
  Radiologist 3 0.78 (0.64, 0.92) 0.87 (0.73, 1.00) 0.85 (0.71, 0.99) 0.91 (0.77, 1.00)

Note.—Data in parentheses are 95% confidence intervals for each point estimate.

Figure 4:  Graphs show receiver operating characteristic (ROC) curves for each radiologist 
and for all three radiologists together. Graphs were generated by using a five-point scale de-
scribed in the Materials and Methods section (1 = definitely not appendicitis, 2 = probably not 
appendicitis, 3 = unsure/possible appendicitis, 4 = probably appendicitis, 5 = definitely appen-
dicitis). Areas under the ROC curve and 95% confidence intervals are reported in the graphs. 
CE = contrast enhanced.

only to patients aged 12 years or older 
to minimize the need for sedation. It 
should be noted, however, that we re-
cently published an analysis of the test 
accuracy of our MR imaging protocol 
in patients younger than 21 years (28). 
Those patients were also included in 
this study cohort, although that analy-
sis also included the interpretations of 
three pediatric radiologists. Another 
distinction between our study and 
others is that unlike several previous 
studies in which a prevalence of ap-
pendicitis exceeding 60% was reported 
(29–31), our cohort had a prevalence 
of 32%, which is similar to our institu-
tionally observed prevalence of 25% in 
patients undergoing CT for suspected 
appendicitis (4). We also attempted to 
assess the value of adding intravenous 
contrast enhancement to the MR im-
aging protocol, which is not standard 
among centers in which MR imaging 
is used to diagnose appendicitis (usu-
ally for pregnant patients and chil-
dren). Although this study was under-
powered for such an analysis, we found 
no statistically significant difference.

We directly compared prospectively 
acquired MR images with CT scans for 
all patients by using the retrospective 
interpretations of three faculty radiolo-
gists who were blinded to the clinical 
outcomes of the patients and who in-
terpreted the images in random order. The largest competing 
study, to our knowledge, by Leeuwenburgh et al (17), did not 
uniformly obtain CT scans for comparison in all patients. Fur-
thermore, unlike previous studies in which image interpreta-
tion was provided by only one radiologist, two radiologists who 
were able to consult with each other to resolve disagreements, 
or a pool of radiologists, our study required that the same three 
radiologists interpret all MR and CT images, permitting evalu-
ation of interradiologist agreement for both MR imaging and 

CT. We were also able to assess the time required to interpret 
these images and found a small difference between the inter-
pretation times, with MR image interpretation taking about 
2 minutes longer than CT interpretation. However, because 
both examinations were performed in tandem in every patient, 
we were unable to assess the time it takes to complete the ex-
amination (ie, from order to image acquisition completion), 
which is likely more important from a clinical perspective. This 
should be an area of study moving forward.
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Our study had several limitations. First, we enrolled a 
relatively small number of patients (given the prevalence 
of appendicitis) by using convenience sampling, which led 
to a study population that was younger and had a higher 
prevalence of appendicitis than those patients who were eli-
gible but who were not enrolled or not imaged. We believe 
this was largely because screening and frequently even the 
obtaining of patient consent were performed by emergency 
medicine physicians, who had to balance study recruit-
ment with their clinical duties. We also limited enrollment 
to study hours, which in general did not include nights or 
weekends. Another limitation was the fact that the study 
was performed at a single academic medical center with a 
strong MR imaging presence, which may limit generaliz-
ability. However, although our study radiologists were fel-
lowship trained in abdominal imaging, we do not routinely 
perform MR imaging to diagnose appendicitis, so they re-
quired some training. We do not know if additional training 
would have further improved their performance, although 
there is some evidence that this is the case (32). Third, our 
analysis focused on the performance of intravenous con-
trast-enhanced MR imaging for the diagnosis of appendi-
citis but did not examine the accuracy for the diagnosis of 
other causes of abdominal pain. This is a highly relevant and 
important avenue of research but is beyond the scope of this 
article. Fourth, the fact that only CT was used for clinical 
purposes (not MR imaging) yields the potential for incorpo-
ration bias. Furthermore, because some mild cases of appen-
dicitis may self-resolve, there is the potential for differential 
verification bias (ie, no further evaluation was conducted for 
patients who had resolution of symptoms but who actually 
did have appendicitis at the index encounter). Finally, all 
patients underwent CT before MR imaging per our study 
design. For most, that mandated that oral contrast material 
be ingested. The effect of this oral contrast material on the 
diagnostic accuracy observed for the MR imaging protocol 
was not evaluated in our study; this is another important 
factor to investigate in the future.

In summary, the accuracy of contrast-enhanced MR imag-
ing for the diagnosis of acute appendicitis in our prospec-
tively enrolled cohort of ED patients with suspected appen-
dicitis was similar to the accuracy previously reported for CT. 
We observed no statistically significant differences in the test 
characteristics of MR imaging versus CT at the 4 or higher 
cutoff level. We conclude that MR imaging may be a suit-
able alternative for the evaluation of acute appendicitis when 
MR imaging availability and expertise exist, particularly in 
patients who are not expected to require sedation.
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