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3T MRI in the Evaluation of Acute Appendicitis in the 
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Abstract
Introduction: Computed Tomography (CT) is commonly used to evaluate suspected acute 
appendicitis; however, ionizing radiation limits its use in children. This study assesses 3T Magnetic 
Resonance Imaging (MRI) as an imaging modality in the evaluation of suspected acute appendicitis 
in the pediatric population.

Materials and Methods: This study is a retrospective review of 155 pediatric subjects who underwent 
MRI and 197 pediatric subjects who underwent CT for suspected acute appendicitis.

Results: Sensitivity and specificity of MRI are 100% and 98%, 99% and 97% for CT (p=0.61 and 
0.53), respectively. Appendix visualization rate is 77% for MRI, 90% for CT (p=0.0002); positive 
appendicitis rate is 25% for MRI, 34% for CT (p=0.175); and alternative diagnosis rate is 3% for 
MRI, 3% for CT (p=0.175).

Discussion: This study supports 3T MRI as a comparable modality to CT in the evaluation of 
suspected acute appendicitis in the pediatric population. Although MRI visualizes the appendix at a 
lower rate than CT, our protocol maintains 100% sensitivity with no false negatives. Our appendix 
visualization rate with 3T MRI (74%) is an improvement from published data from both 1.5T and 
3T MRI systems. The exam time differential is clinically insignificant and use of MRI spares the 
patient the ionizing radiation and intravenous contrast of CT.
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Introduction
Acute appendicitis is a common condition that requires emergent treatment. The clinical 

presentation of acute appendicitis may be nonspecific, often requiring imaging to confirm the 
diagnosis. The most common symptoms include right lower quadrant abdominal pain, nausea, and 
vomiting. Numerous other etiologies present in a similar manner, making the diagnosis difficult 
without further evaluation. Currently, Ultrasound (US) is the first-line imaging modality to 
evaluate suspected acute appendicitis [1,2]. However, US can be non-diagnostic in a large number 
of patients, requiring cross-sectional imaging to visualize the appendix [3]. Computed Tomography 
(CT) is commonly used as second-line cross-sectional imaging in the pediatric population and as 
the first-line imaging modality in adults. CT is relatively inexpensive, fast, readily available, and 
effective at diagnosing acute appendicitis. In a meta-analysis, CT has shown to have 94% sensitivity 
and 95% specificity in the pediatric population [4]. However, the ionizing radiation of CT limits its 
use in children, and has been estimated to be associated with up to 2% of all cancers in the United 
States [5].

In an effort to reduce patient exposure to ionizing radiation of CT, hospitals have recently 
started using Magnetic Resonance Imaging (MRI) more frequently to evaluate suspected acute 
appendicitis. MRI is safe to use, has superior contrast resolution, and is highly effective at diagnosing 
acute appendicitis. MRI has shown to have 98% to 100% sensitivity and 97% to 99% specificity in the 
pediatric population [6-8].

The limitation of MRI is its longer examination time. However, a focused protocol limited to 
fluid-sensitive sequences without intravenous contrast shortens the mean scan time to 14 minutes 
on a 1.5T system [6] and to 9 minutes on a 3T system [7]. Even with additional contrast-enhanced 
sequences, mean scan time is 19 minutes on a 1.5T system [8]. Due to its increased strength compared 
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to 1.5T MRI, 3T MRI has superior signal-to-noise ratio and faster 
scan time, but is more prone to susceptibility, chemical shift, and flow 
artifact. This study assesses 3T MRI as an imaging modality in the 
evaluation of suspected acute appendicitis in the pediatric population. 
It compares the accuracy and efficacy of 3T MRI to CT.

Materials and Methods
This retrospective review of prospectively-collected data is 

approved by the institutional review board. Pediatric subjects (under 
the age of 18 years) who presented to the pediatric emergency 
department from May 23, 2014 to May 22, 2015 with suspected 
acute appendicitis and who underwent imaging are included in 
our study. No implemented clinical algorithm is available at our 
institution to guide imaging selection. The pediatric emergency 
department physicians determine the imaging modality for each 
subject. Sixty subjects (17%) initially receive US imaging, while 295 
subjects (83%) directly receive cross-sectional imaging (either MRI 
or CT) without prior US imaging. Three US subjects are diagnosed 

with acute appendicitis on US, but receive subsequent cross-sectional 
imaging for treatment planning; these three subjects are excluded 
from this study. The remaining 57 US subjects have equivocal initial 
US findings and undergo further imaging (either MRI or CT). These 
57 US subjects, as well as the 295 subjects who directly underwent 
cross-sectional imaging, are included in our study for a total of 352 
subjects: 155 subjects who underwent MRI (55% female, mean age of 
13 years, age range of 6 to 18 years, 15% with initial US imaging) and 
197 subjects who underwent CT (40% female, mean age of 11 years, 
age range of 2 to 18 years, 17% with initial US imaging).

The decision between MRI and CT for second-line cross-sectional 
imaging is made by the pediatric emergency department physicians 
prior to surgical consultation, primarily based on the availability of 
a 3T MRI system and the subject’s ability to cooperate with breath-
hold MRI sequences. A guideline minimum age of 8 years for MRI is 
used, but younger subjects are selected if deemed capable. Pregnant 
subjects are scanned on a 1.5T MRI system and are excluded from 
this study.

 

            
         a. Thin-cut axial T2 TSE                                                  b. Axial SPAIR 

            
         c. Thin-cut coronal T2 TSE                                                 d. Coronal SPAIR 

Figure 1: MRI demonstrates a dilated, fluid-filled appendix with thickened, edematous walls and surrounding periappendiceal inflammation, consistent with 
appendicitis.

           
            a. Thin-cut axial T2 TSE                                               b. Axial SPAIR 

           
             c. Thin-cut coronal T2 TSE                                          d. Coronal SPAIR 

Figure 2: MRI demonstrates a dilated, fluid-filled appendix with thickened, edematous walls and surrounding periappendiceal inflammation. There is additional T2/
SPAIR hyperintensity in the pelvis, consistent with free fluid from perforated appendicitis.
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All MRI examinations are performed on a 3T MRI system 
(Ingenia, Philips). Our MRI protocol (Table 1) consists of four 
breath-hold sequences without intravenous contrast: thin-cut (3-mm 
slice thickness) axial T2-weighted turbo spin echo (TSE), thin-cut 
coronal T2 TSE, axial spectral attenuated inversion recovery (SPAIR), 
and coronal SPAIR. Field of view spans from the right renal upper 
pole superiorly to the pubic symphysis inferiorly.

All CT examinations are performed on a 256-slice CT (Brilliance 
ICT, Philips) with intravenous contrast; no oral or rectal contrast is 
administered. Field of view spans from the dome of the diaphragm 
superiorly to the pubic symphysis inferiorly.

For each subject, radiologic diagnosis and clinical diagnosis 
are recorded. Age, gender, and department time are also noted. 
Department time measures the total time spent in the department 
of radiology by the subject. Sensitivity, specificity, appendix 
visualization rate, positive appendicitis rate, and alternative diagnosis 
rate are determined for MRI and CT. Radiologic (for both MRI and 
CT) diagnosis is graded as “appendicitis” (Figures 1 and 2), “negative” 
(Figure 3), or “alternative diagnosis.” Imaging findings of appendicitis 
include dilated appendix (>7 mm in diameter), appendiceal wall 
thickening (>3 mm), and periappendiceal inflammation/free fluid. 
Any mention/suggestion of appendicitis (including “possible” or 
“early” appendicitis) in the impression of the report is considered 
“positive.” An examination with a non-visualized appendix, but 
no right lower quadrant inflammation, is considered “negative.” 
Radiologic diagnosis is based on the final report of the exam (not a 
second review by the authors). Radiologic diagnosis of “appendicitis” 
on both MRI and CT is treated with appendectomy or abscess drain 
placement; subjects with radiologic diagnosis of “negative” on both 
MRI and CT are either discharged home from the pediatric emergency 

department or admitted overnight for observation, depending on 
clinical presentation.

Clinical diagnosis (the reference standard) in subjects who 
underwent appendectomy is established from the operative and 
pathology reports. Clinical diagnosis is otherwise established by a 
30-day chart review to ensure spontaneous resolution of symptoms 
without medical or surgical intervention. Our chart review is not able 
to assess for the return of subjects to different facilities for missed 
diagnoses, a potential limitation.

Results
Mean age for MRI is 13 years, ranging from 6 to 18 years with a 

standard deviation of 3.3 years; 11 years for CT, ranging from 2 to 
18 years with a standard deviation of 4.5 years (p=0.0004), 55% (85 
of 155 subjects) for MRI are female, 40% (79 of 197 subjects) for CT 
(p=0.003), 15% (23 of 155 subjects) have equivocal initial US imaging 
prior to MRI, 17% (34 of 197 subjects) prior to CT (p=0.27).

Sensitivity and specificity of MRI are 100% and 98%, 99% and 
97% for CT (p=0.61 and 0.53), respectively. Appendix visualization 
rate is 77% (119 of 155 subjects) for MRI, 90% (178 of 197 subjects) for 
CT (p=0.0002), positive appendicitis rate is 25% (39 of 155 subjects) 
for MRI, 34% (66 of 197 subjects) for CT (p=0.175), and alternative 
diagnosis rate is 3% (5 of 155 subjects) for MRI, 3% (5 of 197 subjects) 
for CT (p=0.175).

Alternative diagnoses on MRI include one case (0.6%) each of 
idiopathic hydronephrosis, pyelonephritis, renal abscess, ovarian 
torsion due to a large paraovarian cyst, and intussusception with 
a Meckel diverticulum as its lead point. Alternative diagnoses on 
CT include two cases (1%) of pyelonephritis, and one case (0.5%) 
each of pancreatitis, small bowel obstruction, and infected urachal 

                     
          a. Thin-cut axial T2 TSE                                                           b. Axial SPAIR 

                     
       c. Thin-cut coronal T2 TSE                                                       d. Coronal SPAIR             

Figure 3: MRI demonstrates a normal/“negative” T2/SPAIR hypointense appendix without any T2/SPAIR hyperintensity in the right lower quadrant to suggest an 
acute inflammatory process.

 TR (ms) TE (ms) Flip angle (degrees) Slice thickness (mm)

Thin-cut axial T2 TSE 1250 80 125 3

Axial SPAIR 1250 70 120 5

Thin-cut coronal T2 TSE 1250 80 125 3

Coronal SPAIR 1250 80 125 5

Table 1: MRI Parameters.
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diverticulum.

Mean department time for MRI is 28 minutes, ranging from 
11 to 48 minutes; 15 minutes for CT, ranging from 3 to 51 minutes 
(p=0.007).

True positives and true negatives of the 155 subjects imaged 
with MRI (Table 2), 39 subjects (25%) are correctly diagnosed 
with acute appendicitis (true positives) and 114 subjects (74%) are 
correctly diagnosed with no acute appendicitis (true negatives). Of 
the 197 subjects imaged with CT (Table 3), 66 subjects (34%) are true 
positives and 126 subjects (64%) are true negatives.

False negative on MRI, no case of acute appendicitis is missed 
(no false negative). On CT, one subject (a 14-year-old male) is a 
false negative (0.5%). The initial CT reports a normal appendix. 
However, due to concerning clinical findings, the subject is admitted 
for observation. Repeat imaging on hospital day #3 demonstrates 
perforated appendicitis with a new periappendiceal abscess.

False positives on MRI, two subjects (1%) are diagnosed with 
early acute appendicitis, but the appendix in both subjects is normal 
on operative and pathology reports (false positives). On CT, four 
subjects (2%) are false positives; two subjects resolve clinically with 
observation only and with no intervention, and two subjects undergo 
appendectomies that report normal appendix.

Discussion
This study supports 3T MRI as a comparable modality to CT in the 

evaluation of suspected acute appendicitis in the pediatric population. 
Although MRI visualizes the appendix at a lower rate than CT (77% 
for MRI; 90% for CT, p=0.0002), our MRI protocol maintains 100% 
sensitivity with no false negatives. In fact, the one false negative in this 
study is a subject who underwent CT. Specificity is similar between 
the two modalities (98% for MRI, 97% for CT, p=0.53).

Our appendix visualization rate with 3T MRI without intravenous 
contrast (77%) is an improvement from published data from non-
contrast-enhanced protocols on both 1.5T and 3T MRI systems (36% 
to 43%) [3,4] as well as a contrast-enhanced protocol on a 1.5T system 
(67%) [5]. Our mean department time for MRI of 28 minutes is longer 
than that for CT of 15 minutes (p=0.007) and the published data of 9 
to 19 minutes [3-5]. However, the longer department time is clinically 
insignificant and spares the patient the ionizing radiation and 
intravenous contrast of CT. Unfortunately, our department times are 
calculated based on the technologists’ timestamps, which may vary in 
reliability. Also, our “department time” measures the total time spent 
in the radiology department by the subject, while published data may 
measure different time intervals, limiting the ability to compare our 

 
Clinical

+ -

MRI
+ 39 2

- 0 114

Table 2: Diagnosis of Acute Appendicitis by MRI.

 
Clinical

+ -

CT
+ 66 4

- 1 126

Table 3: Diagnosis of Acute Appendicitis by CT.

data to the published data.

A potential contributing factor to our improved appendix 
visualization rate when compared to published data is the use of 
thin-cut T2 TSE sequences. The 3-mm slice thickness is equivalent 
to that of CT and is less than that of most published MRI protocols 
[3,5], allowing for improved visualization when compared to 
published MRI protocols with thicker slices. Our pediatric emergency 
department physicians are more confident in our radiologic “negative” 
diagnosis when we visualize a normal appendix. Although our mean 
examination time is longer to acquire these thin-cut sequences, our 
improved appendix visualization rate justifies the longer scan time.

Ultimately, the limitations of MRI are scanner availability and 
subject cooperation. At our institution, we do not have an MRI 
technologist on site overnight and on weekends. The pediatric 
emergency department physicians occasionally call in the MRI 
technologist from home, but typically select CT for subjects during 
these times. CT technologists are on site at all times; therefore, CT is 
always available.

The other potential limitation of MRI is the subject’s ability to 
cooperate. Our MRI protocol consists of breath-hold sequences, 
which requires cooperation from the subject. Subjects younger 
than 8 years of age and those in severe pain may not be capable of 
breath holds, excluding these subjects from MRI. In our study, all 
of the subjects who begin the MRI complete the examination with 
satisfactory image quality; no MRI is aborted due to inability to 
cooperate. Although our protocol is limited in its application in these 
subjects and increases the examination time, the 100% sensitivity and 
improved appendix visualization rate support its use.

3T MRI is an effective imaging modality in the evaluation of 
suspected acute appendicitis in the pediatric population without 
using ionizing radiation and intravenous contrast. However, 
prospective research is warranted to confirm our protocol’s accuracy. 
Due to inherent selection bias of the ordering pediatric emergency 
department physicians, the demographics of the MRI subjects are 
statistically older (p=0.0004) and more female (p=0.003) than the CT 
subjects. The older subject population may be a potential confounding 
variable, since older subjects may have larger anatomy, enabling 
easier appendix visualization in our MRI subjects. Understandably, 
younger subjects are less likely to comply with the breath-hold 
instructions for MRI and more likely to undergo CT. However, the 
rates of appendicitis and alternative diagnosis between the MRI and 
CT subjects are comparable (p=0.175). In addition, a modified MRI 
protocol for subjects unable to cooperate with breath-hold sequences 
needs to be developed and assessed. In summary, our study supports 
3T MRI as a comparable modality to CT in the evaluation of suspected 
acute appendicitis in the pediatric population.
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