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Title: Systematic review of the accuracy of magnetic resonance imaging in the
diagnosis of acute appendicitis in children: comparison with computed tomography

Abstract

OBJECTIVE: Computed tomography (CT) has emerged as the gold standard test for the
evaluation of suspected appendicitis in pediatric patients. It has been shown to have excellent
accuracy and to decrease negative appendectomy rates. However, CT scans expose patients to
ionizing radiation, which is of especially high concern in children. Magnetic tesonance imaging
(MRI) is a potential alternative that could be used to evaluate children while eliminating
exposure to radiation. This systematic review tests the hypothesis‘that the sensitivity and
specificity of MRI are not inferior to that of CT in the evaluation-of suspected appendicitis in
children.

METHODS: A search of the Medline database was conducted to identify articles that used
MRI to evaluate children with suspected appendicitis. Articles that focused on pediatric subjects
and reported sensitivity and specificity of MRI in these subjects were included. Data for the
calculation of sensitivity, specificity, and 95% confidence intervals for each were extracted from
each study included. Pooled data for sensitivity and specificity of MRI were calculated and
tested for significance compared to sensitivity and specificity of CT using Fisher’s exact test.
RESULTS: /Nine studies were found to be relevant to the question posed by this systematic
review and met the inclusion criteria. The pooled sensitivity and specificity of MRI for the
diagnosis of appendicitis were 0.96 (95% CI: 0.94-0.98) and 0.97 (95% CI: 0.96-0.98) as
opposed to values of 0.94 (95% CI: 0.92-0.97) and 0.95 (95% CI: 0.94-0.97) for CT. The
difference between MRI and CT was not statistically significant for sensitivity (p=0.11) or

specificity (p=0.06) in the evaluation of suspected appendicitis in children.
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CONCLUSIONS:  In children with suspected appendicitis, the sensitivity and specificity of

MRI are comparable to those of CT in terms of sensitivity and specificity. MRI is a viable choice
for imaging in these patients and limits exposure to radiation.
Introduction

Appendicitis is the most common indication for emergent abdominal surgery in patients
under 18 years old, with more than 70,000 such patients diagnosed with appendicitis each year in
the United States.'? A missed or delayed diagnosis often results in perforation of the appendix
and deterioration of the patient’s condition. On the other hand, a false diagnosis of acute
appendicitis can lead to unnecessary surgical interventions. In a study 0f 475,651 appendectomy
cases in the United States between 1998 and 2007, the negative appendectomy rate was found to
be 11.83%. As an attempt to minimize the incidence of such adverse events and as a result of
the high level of variation in signs of appendicitis.in pediatric patients, the vast majority of
children undergo preoperative imaging prior.to appendectomy.* The use of diagnostic cross-
sectional imaging in the evaluation of patients with suspected acute appendicitis has increased
dramatically over past decades, especially the use of computed tomography (CT), which has
emerged as the current gold standard test. The widespread use of CT in the diagnosis of
appendicitis is largely due to its being widely available and relatively simple to operate
compared to other cross-sectional imaging modalities such as magnetic resonance imaging
(MRI).” The high sensitivity and specificity of CT in diagnosing appendicitis is well documented
in both'children and adults, and its use in preoperative situations has been found to be correlated
with a significant decrease in the negative appendectomy rate.®® The largest meta-analysis to
date on the accuracy of CT in the diagnosis of acute appendicitis analyzed 26 studies including

9356 children, concluding that CT has sensitivity of 0.94 (95% CI: 0.92-0.97) and specificity of
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0.95 (95% CI: 0.94-0.97) for evaluation of pediatric patients.” However, a single abdominal CT
scan exposes patients to as much ionizing radiation as over 50 conventional x-rays of the
abdomen. Several studies have found that people that underwent CT as children have a

10-12

significantly elevated risk of malignancy later in life. Furthermore, the intravenous contrast

agent commonly administered during CT is associated with a small but significant risk of allergic

reactions and/or nephropathy.'*"*

As a result, more institutions are utilizing ultrasonography for
the diagnosis of appendicitis, and it has become the first line diagnostic modality-in pregnant and
pediatric patients in most facilities. Ultrasonography is almost universally available, uses no
ionizing radiation, and has lower associated costs, but it is operator dependent, resulting in
highly variable sensitivity findings.” """ As a result, CT remains-the most commonly used
preoperative imaging modality in children undergoing appendectomy.’ A strategy involving the
use of ultrasonography as the first line test for acute appendicitis and CT for use only in cases
with indeterminate ultrasound has recently been recommended, and has been shown to be highly
accurate.'*"’
MRI is another viable modality for imaging the abdomen in pediatric patients, but it
currently plays only a minor role in the evaluation of patients with suspected acute appendicitis.
This is largely due to high associated costs, limited availability, and the high level of operator
expertise required. Additionally, MRI requires patients to lie still for extended periods of time,
which may be of particular concern when evaluating small children. MRI already has an
established role in imaging of pregnant women with suspected acute appendicitis and
inconclusive ultrasound findings, but the American College of Radiology continues to list MRI

as less appropriate than CT for the evaluation of both children and non-pregnant adults with

suspected acute appendicitis, citing a lack of evidence of the diagnostic accuracy of MRI in the
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general population.”’ However, MRI is beginning to emerge as an alternative modality for the
evaluation of patients with abdominopelvic pain, particularly as it becomes more readily
available in the emergency setting and more rapid imaging sequences are developed.”’ MRI
could be a particularly attractive option in evaluation of pediatric patients with suspected
appendicitis as it does not involve exposure to ionizing radiation. Recent small-scale studies on
the accuracy of MRI in the diagnosis of acute appendicitis show sensitivity and specificity
similar to that of CT, but many of these studies cite a need for larger-scale research.to confirm
these results.”? If MRI were found to have comparable accuracy to that of CT .in pediatric
patients, clinicians could avoid exposing children to damaging ionizing radiation, as well as
prevent the development of radiation-induced malignancies without sacrificing diagnostic
efficacy. The purpose of this review is to research the relevant literature on the accuracy of MRI
in diagnosing acute appendicitis in children in order to analyze the hypothesis that the accuracy
of MRI in the diagnosis of acute appendicitis.in pediatric patients is not inferior to that of CT.
Methods

For this review, a search of the Medline database for literature regarding the accuracy of
MRI in the evaluation of suspected appendicitis in children was conducted using the “advanced
search” feature and'the medical subject headings (MeSH) database. Only studies published
within the past 10 years were included in this review. To be included, studies had to focus on
pediatric patients under age 18 and include sensitivity and specificity values for MRI and 95%
confidence intervals for each, or else provide sufficient data to permit the calculation of these
values. Studies that included pregnant patients were excluded. One study that duplicated data by
basing multiple data points on each MR image by including multiple interpretations was also

excluded.
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Each study considered for inclusion in this review was analyzed for quality and content.
Several elements were evaluated when reviewing an article for quality and likelihood of bias.
This included methods for subject selection, particularly how potential subjects were chosen for
further imaging. Another important element that was evaluated was the heterogeneity of imaging
protocols used in each study, including the MRI sequences used and whether gadolinium-based
contrast was used. Some other considerations were the reference standard and index test used,
completeness of subject follow-up, and protocols for radiographic diagnosis of appendicitis. For
reference, each study in this review was also assigned an evidence level of 1-4 based on study
design, with level 1 being of highest value. Randomized controlled trials were considered level
1. Non-randomized controlled trials were considered level 2. Observational studies with controls
were considered level 3, while observational studies without controls were considered level 4.

Sensitivity and specificity for MRI in the evaluation of suspected appendicitis in each
study was calculated, along with 95% confidence intervals for both. An evidence table and forest
plot were constructed containing the tesults of each study included in this review. In order to
compare the sensitivity and specificity of MRI to that of CT in the diagnosis of acute
appendicitis, the MRI data from all included studies were pooled and compared to sensitivity and
specificity results from the largest meta-analysis on the accuracy of CT in diagnosing acute
appendicitis to date’. A test for significance was conducted using Fisher’s exact test. An analysis
was also carried out using Fisher’s exact test to compare sensitivity and specificity of MRI in
studies‘in which MRI was used only after an indeterminate ultrasound versus in studies in which
MRI was used as the primary imaging modality. In both analyses a two-tailed p value of <0.05

indicated significance.
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Results
A preliminary search for “appendicitis/diagnosis” [MeSH] OR

“appendicitis/radiography” [MeSH] returned 8335 results. Adding the term “child” [MeSH] to
the search narrowed the results to 2624 articles. The addition of the term “magnetic resonance
imaging” [MeSH] further narrowed the results down to 37 articles. Exclusion of all studies
published more than 10 years ago decreased the number of results to 30. These 30 articles were
closely evaluated by the author to determine their level of relevance to the hypothesis tested in
this review, as well as for whether or not the inclusion and exclusion criteria were met. 9 studies
were found to meet all requirements and be relevant to the hypothesis tested by this review.
Among these, three are prospective studies, six are retrospective studies, and one is a
comparative study. Two studies directly compare the accuracy of MRI to that of CT in
diagnosing appendicitis in children, while the other eight report sensitivity and specificity of only
MRI. Between them, the ten studies included in this review analyzed 1524 pediatric patients.*>*
Evaluation of use of MRI following indeterminate ultrasound results

Dillman, Gadepalli, and'Sroufe et al.”* conducted a retrospective analysis of the charts of
161 pediatric patients who underwent MRI or CT for suspected appendicitis after an
indeterminate ultrasound. Of these, 103 subjects underwent MRI and 58 underwent CT.
Sensitivity and specificity of MRI and CT in the diagnosis of appendicitis in the study sample
were calculated, and the Fisher exact test was used to compare these values for MRI versus CT,
with p<0.05 indicating significance. MRI correctly identified 17/18 subjects with confirmed
appendicitis (Sensitivity=0.944; 95% CI: 0.727-0.999) and 85/85 of the remaining subjects who
did not have appendicitis (Specificity=1.00; 95% CI: 0.958-1.00). CT correctly identified 11/11

patients with confirmed appendicitis (Sensitivity=1.00; 95% CI: 0.715-1.00) and 46/47 of
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subjects without appendicitis (Specificity=0.979; 95% CI: 0.887-1.00. Using the Fisher exact
test, the difference between the sensitivities (p=1.00) and specificities (p=0.36) showed no

statistically significant difference.*

Thieme, Leeuwenburgh, and Valdehueza et al.** prospectively studied a cohort of 104
consecutive pediatric patients with clinically suspected appendicitis, all of whom underwent
abdominal ultrasound followed by MRI. This study evaluated three diagnostic strategies:
ultrasound alone, ultrasound followed by MRI if the result is equivocal, and MRI alone.
Sensitivity and specificity were calculated for each strategy. The authors used the McNemar test
statistic to compare each method, with p<0.05 indicating significance. Ultrasound alone correctly
identified 44/58 patients with appendicitis (Sensitivity=0.76; 95% CI: 0.63-0.85) and 41 of 46
patients without appendicitis (Specificity=0.89; 95% Cl1::0.76-0.96). The conditional MRI
strategy correctly identified 58/58 patients with appendicitis (Sensitivity=1.0; 95% CI: 0.92-1.0)
and 37/46 patients without appendicitis (Specificity=0.80; 95% CI: 0.66-0.90). MRI alone
correctly identified 58/58 patients. with appendicitis (Sensitivity=1.0; 95% CI: 0.92-1.0) and
41/46 patients without appendicitis (Specificity=0.89; 95% CI: 0.76-0.96). The sensitivities of
conditional MRI and MRI alone were found to be significantly higher than that of ultrasound
alone (p<0.001), while there was no significant difference in specificity between any of the three
strategies (p=0.13for ultrasound alone, 0.13 for conditional MRI, 1.00 for MRI alone).**

Herliczek, Swenson, and Mayo-Smith®® conducted a retrospective analysis of a cohort of
60 consecutive pediatric patients that underwent MRI for suspected appendicitis following an
inconclusive ultrasound. The accuracy of MRI in this context was evaluated by calculating
sensitivity and specificity for MRI in the diagnosis of acute appendicitis in the sample after an

inconclusive ultrasound examination. Two MRI readers correctly identified 10/10 subjects with
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confirmed appendicitis (Sensitivity=1.00; 95% CI: 0.69-1.00) and 48/50 of those without
appendicitis (Specificity=0.96; 95% CI: 0.86-1.00).”

A retrospective analysis conducted by Rosines, Chow, and Lampl et al.” evaluated 49
pediatric patients that underwent MRI for suspected acute appendicitis following an
indeterminate ultrasound. MRI both with and without contrast was used for each patient: MR
images were interpreted by a team of five radiologists, who came to a consensus on each image.
Accuracy of MRI was evaluated by calculating the sensitivity and specificity for MRI in the
diagnosis of acute appendicitis in this sample after indeterminate ultrasound. MRI correctly
identified 15/16 subjects with appendicitis (Sensitivity=0.94; 95% CI: 0,70-1.00) and 33/33 of
those without appendicitis (Specificity=1.00; 95% CI: 0.89-1.00).%

Studies that evaluate use of MRI alone

Kulaylat, Moore, and Engbrecht et al.”’ rétrospectively analyzed a cohort of 655 pediatric
patients that underwent imaging for suspected appendicitis. 510 of these subjects were evaluated
by MRI, and images were evaluated independently by three reviewers. Sensitivity and specificity
of MRI were calculated to assess diagnostic accuracy. MRI correctly identified 122/126 subjects
with confirmed appendicitis (Sensitivity=0.968; 95% CI: 0.921-0.991) and 374/384 of those
without appendicitis (Speeificity=0.974; 95% CI: 0.953-0.987).”

Moore; Gustas, and Choudhary et al.*® completed a retrospective study analyzing the
accuracy of MRI 208 pediatric patients with suspected acute appendicitis. MR images were
interpreted by one of six pediatric radiologists, and values for sensitivity and specificity of MRI
were calculated. MRI correctly identified 40/41 subjects with confirmed appendicitis
(Sensitivity=0.976; 95% CI: 0.871-0.999) and 162/167 subjects without appendicitis

(Specificity=0.970; 95% CI: 0.932-0.990).*



10

ACCEPTED MANUSCRIPT

Orth, Guillerman, Zhang, Masand, and Bisset®” conducted a prospective study of 81
pediatric patients that were to undergo an ultrasound examination for suspected acute
appendicitis and underwent MRI. 453 subjects met the inclusion criteria for the study but consent
could not be obtained for 372 of these. The remaining 81 subjects included by the authors
underwent both abdominal ultrasound and MRI. Accuracy of MRI was evaluated by caleulating
its sensitivity and specificity in this sample. These values were calculated twice: once with
equivocal results designated as positive, and once with equivocal cases designated.as negative.
MRI correctly identified 28/30 subjects with confirmed appendicitis (Sensitivity=0.933; 95% CI:
0.779-0.992), and 50/51 subjects without appendicitis (Specificity=0.980; 95% CI: 0.896-1.00).

None of the MR studies were found to be equivocal for acute appendicitis.”’

Bayraktutan, Oral, and Kantarci et al.¥

conducted.a prospective study of 47 consecutive
pediatric patients with clinically diagnosed acute appendicitis or an appendix that could not be
visualized on ultrasonography. 31 patients underwent abdominal ultrasound, and 45 underwent
MRI. Two subjects did not undergo MRI'due to claustrophobia. All 45 patients that underwent
MRI underwent both diffusion-weighted and conventional MRI. Images were interpreted in three
stages. First, the diagnesis was made based on diffusion-weighted MR images only. Second, the
diagnosis was made based on conventional MR images only. And third, the diagnosis was made
by reviewing both-simultaneously. Sensitivity and specificity were determined for each of the
three diagnostic approaches, and the McNemar test was used to determine any significant
differences between the three. Results were considered significant with a two-tailed P< 0.05. 36
out of 45 patients were found to have acute appendicitis. The diagnostic strategy in which both

diffusion-weighted and conventional MR images were utilized simultaneously correctly

identified 33 of these (Sensitivity=0.92; 95% CI: 0.78-0.98) as well as all nine of the patients that
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did not have appendicitis (Specificity=1.00; 95% CI: 0.66-1.00). Using the McNemar test, the
combined strategy of using both diffusion-weighted and conventional MRI simultaneously was
found to have statistically higher sensitivity and accuracy than either diffusion-weighted or
conventional MRI alone (p<0.05). No significant difference was found between sensitivity and
accuracy of the diffusion-weighted MRI alone and conventional MRI alone strategies.*”

Koning, Naheedy, and Kruk®' conducted a retrospective review of 364 consecutive
pediatric patients undergoing gadolinium-enhanced MRI for suspected MRI..Images were
interpreted by any of nine pediatric radiologists, who were not blinded to previous imaging and
clinical findings. Pathologic findings served as the reference standard in‘patients who underwent
surgery, while documentation of the alternate diagnosis waswused-in those that did not. Several
patients that did not undergo surgery were imaged using CT in addition to MRI. For these
patients, CT was used as the reference standard. To assess diagnostic performance of MRI,
sensitivity and specificity values were calculated. MRI correctly identified 127/132 subjects with
confirmed appendicitis (Sensitivity=0.962; 95% CI: 0.914-0.984) and 222/232 subjects without
appendicitis (Specificity=0.957;95%. CI: 0.923-0.976).”"

Comparison of MRI following indeterminate ultrasound versus as the primary imaging modality

A subgroup analysis of results from subjects that underwent MRI after indeterminate
ultrasound versus.those that underwent MRI as the primary modality showed that MRI following
indeterminate ultrasound correctly identified 100/102 subjects with confirmed appendicitis and
203/217 subjects without appendicitis. MRI alone correctly identified 350/365 subjects with
confirmed appendicitis and 817/843 subjects without appendicitis. An analysis using Fisher’s
exact test revealed no significant difference between sensitivity (p=0.39) and specificity (p=0.10)

of MRI following indeterminate ultrasound versus as the primary imaging modality.
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Pooled Data and Comparison to CT

Among the 1524 subjects from the nine studies included in this review, 467 were found
to have acute appendicitis by the reference standard used in each respective study.**** MRI
correctly identified 450 of these patients as positive for appendicitis (Sensitivity=0.96; 95% CI:
0.94-0.98). Of the remaining 1057 patients that did not have appendicitis, MRI correctly
identified 1024 as negative for appendicitis (Specificity=0.97; 95% CI: 0.96-0.98). The largest
meta-analysis conducted to date on the accuracy of CT in the diagnosis of e¢hildren with
suspected appendicitis found that CT has sensitivity of 0.94 (95% Cl1:°0.92-0.97) and specificity
of 0.95 (0.94-0.97).° Using Fisher’s exact test, it was found that there is no significant difference
between sensitivity (p=0.11) and specificity (p=0.06) of MRI versus CT for diagnosing acute
appendicitis in pediatric patients. A summary of the sensitivity and specificity of MRI in the

included studies can be seen in figure 1 and table 1 below.

The nine studies included in thisteview are not without their limitations. Four studies
were limited by small sample size and by being single institution studies. In two studies, the
reference standard was not‘independent of imaging results, as the expert panel had access to
previous imaging and/or clinical findings. The study by Orth et al. suffered from non-response
bias, as 170 of 453 potential subjects refused consent. Two studies used MRI with gadolinium-
based contrast, while the others used only non-contrast MRI. In three studies, MR images were
read by any of multiple radiologists. This would introduce more bias into the studies than in

those in which multiple readers come to a consensus on each image.
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Sensitivity of MRI
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Figure 1. Forest plots summarizing sensitivity and specificity of MRI in the included studies.

Studies contained within the boxes studied the use of MRI alone, while those outside the boxes

studied the use of MRI after indeterminate ultrasound.
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TP | FN | FP | TN | Sensitivity (95% CI) | Specificity (95% CI)
Bayraktutan 2014 |33 (0 |3 |9 0.92 [0.78, 0.98] 1.00 [0.66, 1.00]
Koning 2014 127 |10 |5 |222 |0.96[0.91,0.99] 0.96 [0.92, 0.98]
Kulaylat 2015 12210 (4 |374 |0.97[0.92,0.99] 0.97[0.95, 0.99]
Moore 2012 40 |5 1 162 |0.98[0.87, 1.00] 0.97[0.93, 0.99]
Orth 2014 28 |1 2 |50 0.93 [0.78, 0.99] 0.98 [0.90, 1.00]
Dillman 2016 17 |0 1 85 0.94 [0.73, 1.00] 1.00 [0.96, 1.00]
Herliczek 2013 10 |2 |0 |48 1.00 [0.69, 1.00] 0.96 [0:86, 1.00]
Rosines 2014 15 |3 1 33 0.94 [0.70, 1.00] 0292 [0.78, 0.98]
Thieme 2014 58 19 |0 |37 1.00 [0.94, 1.00] 0.80 [0.66, 0.91]
Pooled Data 450 | 40 |17 | 1020 | 0.96 [0.94, 0.98] 0.96 [0.95, 0.97]

Table 1. Summary of sensitivity and specificity in the included studies.

Discussion

At the conclusion of this review, it was found that the sensitivity and specificity of MRI

for the diagnosis of acute-appendicitis in pediatric patients are comparable to the sensitivity and

specificity of CT. Thiss true both if MRI is used as a standalone modality, as well as if it is used

only after.an indeterminate ultrasound examination. This confirms the hypothesis set at the

beginning of this review. Given the amount of radiation exposure associated with CT,

discussions should be had about whether CT might be over-utilized in the evaluation of

suspected appendicitis, especially in pediatric patients who are more susceptible to the effects of

radiation. While there are many factors to consider when choosing an imaging modality, it is
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clear that MRI is a valid choice in the evaluation of suspected appendicitis, and deserves serious
consideration.

There are, however, many questions still to be answered about the use of MRI in the
evaluation of suspected acute appendicitis in children. For example, although MRI may have
comparable sensitivity and specificity to CT, MRI is still associated with higher costs. On the
other hand, two recent studies in the Netherlands on utilization of MRI in the evaluation of adults
with suspected appendicitis have found a protocol utilizing MRI rather than CT actually resulted
in a net savings for their respective institutions.’” Further study is needed to/determine the
cost-effectiveness of MRI for diagnosis of appendicitis on a broader scale. Some other
disadvantages to MRI are the general lack of availability in the emergency setting, slower speed
of imaging than CT, and that claustrophobic patients and young children may not be able to
tolerate remaining perfectly still for imaging. Hopefully as knowledge about the utility of MRI in
emergency situations grows, its availability will increase as well, making its utilization more
feasible on a larger scale. As the deyelopment of ultra-fast MRI sequences progresses, it is also
our hope that it will become easier for claustrophobic and very young patients to tolerate MRI
without need for sedation.

Another concern that remains in regards to the feasibility of using MRI in the evaluation
of suspected appendicitis is the relative lack of research on inter-reviewer reliability and the
effect of reader experience or inexperience on accuracy. A 2014 study in the Netherlands
assessed inter-reviewer reliability between MR experts and non-experts in 223 cases of suspected
appendicitis in adults that were evaluated using MRI. The study found that although experts
showed higher accuracy in reading MR images in patients with suspected appendicitis, experts

and non-experts agreed 89% of the time, indicating a good inter-reviewer reliability
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(kappa=0.78).** These results are promising, but more research is still needed to confirm these
results as well as to establish inter-reviewer reliability in diagnosing suspected appendicitis in the
pediatric population.

It is important to recognize that this review does have some general limitations. First, the
reference standard used to determine final diagnoses was not independent of the result of the
MRI evaluations. Patients with positive findings for appendicitis underwent surgery, and surgical
pathologic findings served as the reference standard, while the reference standard-for patients
with negative findings for appendicitis was clinical follow-up. Another limitation is the variation
of inclusion and exclusion criteria amongst the studies included in this review. Some authors
chose to use MRI to image only those patients with an inconclusive ultrasound, while others
imaged all patients that were to undergo imaging for suspected acute appendicitis. A third
limitation is that these studies used differing MRI protocols. Different sequences were used in
each study, and two of the nine studies used contrast-enhanced MRI while the others did not. The
MRI sequences used in each study are summarized in Table 2. A last potential limitation is
publication bias. Results that show high sensitivity and specificity for MRI in the diagnosis of
acute appendicitis are more likely to be submitted for publishing. This could have significantly

inflated the results for accuracy of MRI.
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First Field T1 |T1| T2 T2 DWI | STIR | bSSFP | T1 w/ | bSSFP
Author Strength | GRE [TSE| TSE | SSFSE contrast | contrast
Bayraktutan | 1.5T v v v
Dillman 1.5& 3T v
Herliczek | 1.5& 3T v v v v
Koning 15T v v v v
Kulaylat | 1.5& 3T v
Moore 1.5T vk
Orth 1.5T v v v
Rosines 15T v v vk
Thieme 15T v 4 v

Table 2: Summary of MRI protoecols used in the included studies
*-indicates that fat suppression was used in this sequence
GRE=gradient-recalled echo; TSE=turbo-spin echo; SSFSE=single shot fast-spin echo
STIR=short inversion time inversion recovery; bSSFP=balanced steady state free precession
DWI=diffusion-weighted imaging; SPAIR=spectral adiabatic inversion recovery

Despite these limitations,the conclusions of this review remain valid. Although MRI
protocol differed between the studies included in this review, this likely to be the case in
different clinical centers that may choose to implement MRI in the evaluation of suspected
appendicitis in children. The inclusion of studies that used MRI only after indeterminate
ultrasound‘and as the primary modality is a potential concern, but an analysis of the sensitivity
and specificity in these two scenarios revealed no statistically significant difference. The
difference in the reference standard used depending on imaging results is also certainly more
similar to actual clinical scenarios, as unnecessary surgical interventions should always be

avoided. Although a publication bias cannot be completely ruled out, a search of the
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ClinicalTrials.gov database returned only one result for the search terms “MRI” and
“appendicitis”.
Conclusion

In conclusion, MR imaging has demonstrated sensitivity and specificity equal to that of
the current gold standard test (CT) in the evaluation of pediatric patients with suspected.acute
appendicitis. MRI is an attractive option in this scenario as it does not require exposure to large
amounts of ionizing radiation, which children are more susceptible to. Although more research is
needed to determine the cost-effectiveness and feasibility of implementing MRI on a large scale,
it is clear that clinicians can make the decision to use MRI without sacrificing diagnostic

accuracy.
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APPENDIX—Evidence Table

First Date Study Evidence | Study Population Exposure
Author | Published Design Level
Bayraktutan June Prospective 2 45 consecutive Patients underwent Tt
2014 Study pediatric patients diffusion-weighted and str
aged 0-14 presenting | conventional MR se
to the ED over a 4 imaging. Diagnosis was | (3.
month period with made using diffusion- 0.f
diagnosed weighted and 1.(
appendicitis or a non- | conventional images 1.(
visualized appendix | alone, and then by se
on ultrasonography combining the two th:
images or
al
Dillman April Retrospective 3 161 children that Patients underwent MRI | M
2016 Study underwent either or CT as part of Se
MRI(n=103) or CT | evaluation of suspected (1
(n=58) for suspected | appendicitis 0.f
appendicitis after an St
equivocal ultrasound 95
at a single institution
over a two one-year C
periods Se
95
St
(4
1.(
N
be
(p
(P
C
Herliczek | May 2013 | Retrospective 3 60 children aged 7- Patients underwent MRI | M
Study 17 that underwent as part of evaluation for se
MRI after an suspected appendicitis (1
indeterminate 1.(
ultrasound for 0.¢
suspected X

appendicitis between
Dec. 2009 and Apr.
2012
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Koning August | Retrospective 364 consecutive Patients underwent Cc
2014 Study pediatric patients that | contrast-enhanced MRI ac
underwent contrast- | as part of evaluation for | 0.¢
enhanced MRI for suspected appendicitis. 0.f
suspected sp
appendicitis between (2
November 2012 and 0.¢
September 2013.
Kulaylat August | Retrospective 510 pediatric patients | Patients underwent an M
2015 Study aged 3-17 that MRI examination as part | se
underwent imaging of evaluation for (1.
for suspected suspected appendicitis 0.f
appendicitis at one sp
institution between 3
July 2011 and Dec. 0.¢
2013 sa
Moore September | Retrospective 208 pediatric patients | All patients underwent M
2012 Study aged 5-17 that were | MRI as the primary se:
evaluated in the imaging modality in the | (4
emergency room for | evaluation for suspected | 0.¢
suspected appendicitis 0.
appendicitis between 0.f
March 2010 and sa
March 2011
Orth July Prospective 81 consecutive All patients underwent M
2014 Study pediatric patients both ultrasound and MRI | se
aged 4-17 that were | of the abdomen as part of | (2
seen in the ER for the evaluation of 0.¢
suspected suspected appendicitis 0.
appendicitis between X
June 2012 and May sa
2013
Rosines November | Retrospective 49 pediatric patients | All patients underwent M
2014 Study that underwent MRI | both contrast-enhanced se
for suspected and unenhanced MRI as | (1.
appendicitis after an | part of evaluation of 1.(
indeterminate suspected appendicitis. 1.(

ultrasound at a single
institution
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Thieme

March
2014

Prospective
Study

2

104 consecutive
pediatric patients
aged 4-18 that
presented to the ER
with clinically
suspected
appendicitis between
April and December
2009

All patients underwent
both ultrasound and MRI
of the abdomen as part of
evaluation for suspected
appendicitis. Three
strategies were
compared: ultrasound
alone, conditional MRI
after indeterminate
ultrasound, and MRI
alone

Se
CIl
St
Cl

Se
Cl
St
Cl

Wi
N
sp
str

Evidence levels were determined as follows:

1. Randomized controlled trials
2. Non-randomized controlled trials
3. Observational studies with controls

4. Observational studies without controls




