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Abstract

Objectives To perform a systematic review on the use of magnetic resonance imaging (MRI) of the abdomen to evaluate
clinically suspected appendicitis in the general adult population. We examined the diagnostic accuracy, the reported trends
of MRI use, and the factors that affect the utility of MRI abdomen, including study duration and cost-benefits.

Methods We conducted a systematic literature search on PubMed, MEDLINE, Embase, Web of Science, and Cochrane
Library databases. We enrolled primary studies investigating the use of MRI in diagnosing appendicitis in the general adult
population, excluding studies that predominantly reported on populations not representative of typical adult appendicitis
presentations, such as those focusing on paediatric or pregnant populations.

Results Twenty-seven eligible primary studies and 6 secondary studies were included, totaling 2,044 patients from eight
countries. The sensitivity and specificity of MRI for diagnosing appendicitis were 96% (95% CI: 93-97%) and 93% (95% CI:
80-98%), respectively. MRI can identify complicated appendicitis and accurately propose alternative diagnoses. The duration
of MRI protocols in each primary study ranged between 2.26 and 30 minutes, and only one study used intravenous contrast
agents in addition to the non-contrast sequences. Decision analysis suggests significant benefits for replacing computed
tomography (CT) with MRI and a potential for cost reduction. Reported trends in MRI usage showed minimal utilisation in
diagnostic settings even when MRI was available.

Conclusions MRI accurately diagnoses appendicitis in the general adult population and improves the identification of com-
plicated appendicitis or alternative diagnoses compared to other modalities using a single, rapid investigation.

Keywords MRI - Magnetic resonance imaging - Appendicitis - Appendicectomy - Appendix - Systematic review

Introduction imaging use and the choice of modality varies according to

local practice.*”

General surgeons encounter clinically suspected appen-
dicitis most commonly in adults,' with an estimated 87%
of appendicitis cases occurring in individuals aged over
15.% Surgeons reviewing patients suspected of acute appen-
dicitis often utilise imaging to enhance diagnostic certainty
and prevent unnecessary invasive procedures.’ The rate of
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Traditionally, imaging has been sparingly used for sus-
pected appendicitis in the UK and Australia.* In one Aus-
tralian report, only 25% of patients received imaging, with
this figure being mostly ultrasound.® Although reliance on
the clinical acumen of surgeons can help avoid the issues
surrounding the routine use of CT scans, minimal use of
imaging results in an increased length of stay® and a higher
negative appendicectomy rate.’ Clinical scoring systems can
improve outcomes such as length of stay,'® but still result in
a negative appendicectomy rate of 10%.'!

In some countries, such as the USA or the Netherlands,
imaging is routinely employed for assessing possible
appendicitis cases in the general adult population with
imaging rates reported at 99%.%” Computed tomography
(CT) is a popular modality for diagnosing acute appendi-
citis, due to its high sensitivity (95%; 95% CI: 93-96%)
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and specificity (94%; 95% CI: 92-95%).'*> However, ionis-
ing radiation from CT scans increases the cumulative risk
of carcinogenesis in patients.'*!* The incidence rate ratio
of leukaemia and myelodysplasia for patients that have
undergone CT of the abdomen and pelvis is 3.24 (95%
CI: 2.17—4.84).15 Furthermore, the incidence of contrast-
induced nephropathy nears 25% in patients with pre-exist-
ing renal impairments.'® Intravenous contrast is a common
allergic and anaphylactic reaction trigger, and can also
cause fluid extravasation and hazardous interactions with
common medications such as metformin.!” Ultrasound is
an alternative, radiation-free imaging modality also com-
monly employed to detect acute appendicitis, with superior
safety when compared to CT.'*!* However, ultrasound is
limited by a low sensitivity (69%; 95% CI: 59-78%) and
specificity (81%; 95% CI: 73-88%) when evaluating sus-
pected appendicitis, with inconclusive results in nearly
48% of cases.?%?!

A US study reported a system-wide trend towards sig-
nificantly increased use of CT in emergency departments
(ED) for assessing patients with abdominal pain, without
a corresponding increase in detecting surgical emergen-
cies.?? Clinicians and patients are understandably keen to
reduce the number of missed appendicitis cases and improve
the diagnosis of other conditions. However, the increasing
use of CT inevitably increases patient exposure to ionising
radiation and intravenous contrast agents. An ideal alterna-
tive imaging modality would be affordable and rapid with
high sensitivity and specificity for all common causes of
abdominal pain whilst not exposing patients to ionising
radiation and contrast agents.

Magnetic resonance imaging (MRI) has been widely
used as an alternative imaging modality for diagnosing
acute appendicitis in paediatric or pregnant patients where
avoiding ionising radiation is a priority.?>>* The benefit
of avoiding radiation exposure and contrast agents can be
extended to the general adult population, although the rela-
tively high cost and limited availability of MRI have histori-
cally remained as impediments to widespread use for these
purposes.’>2

A 2021 Cochrane Review reported that rapid MRI abdo-
men (with a total study time lasting 30 minutes or less) may
entail numerous additional advantages that may help over-
come its perceived high cost, including a low false-positive
rate and a low negative appendicectomy rate.® Appendicitis
is a high incidence condition, estimated at 100 (95% CI:
91-110) per 100,000 person-years,?’ so substituting con-
trast-enhanced CT with MRI in this patient population has
the potential for significant system-wide improvements in
patient safety and outcomes.

Existing literature about MRI use for suspected appen-
dicitis often includes high proportions of pregnant and
paediatric patients, well above their proportions of the

@ Springer

overall population, which is understandable given that
these populations have led the way in the use of MRI.
The anatomical and physiological differences between
demographic groups may cause significant bias if the
results from those subgroups are generalised to the adult
population. The assessment of the utility of abdominal
MRI outside these groups requires a dedicated study of
the general (non-pregnant) adult population. The 2021
Cochrane Review examined the diagnostic accuracy of
MRI for appendicitis*® in a population including large
numbers of pregnant and paediatric patients, as well as
reporting on the general adult subgroup. However, the
scope of this meta-analysis was limited to reporting the
pooled sensitivity and specificity of MRI, and two addi-
tional primary studies have been published since. We
aimed to provide an updated systematic review on the
use of MRI to assess clinically suspected appendicitis
in the general adult population by reviewing the diag-
nostic accuracy and other knowledge gaps, such as the
ability of MRI to identify complicated appendicitis, to
identify alternative diagnoses, the reported trends of use,
time requirements, cost-benefits, and potential impact on
decision analyses.

Method

We conducted our literature search in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines?® using PubMed, Ovid MED-
LINE, Ovid Embase + Embase Classic, Web of Science,
and Cochrane Library with the search keywords “magnetic
resonance imaging”, “MRI”, “appendicitis”, “appendix”,
“appendicectomy”’, and “appendectomy”. The studies were
compiled and merged using the Zotero reference manage-
ment software, and then duplicates, retractions, and stud-
ies lacking abstracts were removed. The remaining articles
were screened for relevance to the use of MRI for detecting
appendicitis.

After the initial screening, we excluded articles that met
the exclusion criteria, formulated a priori. Studies were
excluded if full texts could not be found, if they were case
reports (1-2 patients), if they lacked explicit patient inclu-
sion and exclusion criteria, or if they were written in lan-
guages other than English. Review articles, opinion pieces,
book reviews, and study protocols were also excluded. Sec-
ondary studies were not excluded and their bibliographies
were reviewed as an ancestral search to identify any further
primary studies.

Two authors reviewed the remaining list of potentially eli-
gible studies to determine which studies satisfied the inclu-
sion criteria, formulated a priori. Studies were included if
they reported the results of MRI scans evaluating suspected
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appendicitis cases in populations predominated by non-
pregnant adults. Studies that reported only on pregnant or
paediatric patients were excluded by this method.

The following information was then extracted from each
study: name of the first author, year published, national loca-
tion, study type, study duration, study setting, reference stand-
ard, the total number of patients, number of patients that under-
went appendicectomy, prevalence of appendicitis, proportion
of women, mean age, age range, number of subgroup patients,
true positives, false positives, false negatives, true negatives,
sensitivity, specificity, number of histologically proven appen-
dicitis, number of alternative diagnoses from MRI results, num-
ber of cases with alternative diagnosis as final diagnosis, MRI
sequence, and MRI scanning time. If available or possible, the
positive predictive value (PPV) and the negative predictive value
(NPV) of reported MRI features for discrimination of compli-
cated from simple appendicitis were extracted or calculated.

The Quality Assessment of Diagnostic Accuracy Studies
2 (QUADAS-2) was employed to assess the validity and
applicability of the included studies reporting on diagnostic
outcomes.”’

Results

The literature search identified a total of 3,303 studies from
across PubMed, EMBASE, MEDLINE, Web of Science, and
Cochrane Library databases. Twenty-six primary studies and
six secondary studies were selected, as shown in the PRISMA
flowchart in Fig. 1. One new primary study was identified in
the ancestral searching of the bibliographies of the identified
secondary studies, as shown in Fig. 2. In total, there were 33
studies identified by our systematic review.>%-30-60

There were no randomised controlled trials (RCT) identi-
fied. Of the 33 studies identified in our systematic review,
there were 16 primary cohort studies that examined the
diagnostic accuracy of MRI for appendicitis with a total of
2,044 patients.’**¢ Table 1 summarises the characteristics
of these 16 studies, including their study designs, demo-
graphic information, and reference standards. All 16 studies
employed non-contrast MRI sequences and only one study
added a gadolinium contrast sequence to their multiple non-
contrast sequences.*> Table 2 shows the MRI characteris-
tics and diagnostic outcomes, which also shows that all the
published MRI protocols required no more than 30 minutes
for all sequences and that half the published MRI protocols
required no more than 15 minutes.

Six secondary studies were identified*****’% and all but
one” examined the diagnostic accuracy of MRI in appendi-
citis—the results of these five secondary studies are summa-
rised in Table 3. The largest of these was the 2021 Cochrane
meta-analysis on the diagnostic accuracy of MRI for appen-
dicitis, which calculated the pooled sensitivity (96%; 95%

CI: 93-97%) and specificity (93%; 95% CI: 80-98%) for the
subgroup of the general non-pregnant adult population.?®

We identified 12 studies that reported on topics unrelated
to diagnostic accuracy. %% These studies are summarised in
Table 4: three reported on trends of MRI use,> 3% two were
reports about visualisation of the normal appendix,*®>° two
were analyses of financial implications,”® one was a secondary
study comparing simple versus perforated appendicitis using
different imaging modalities,” one reported on MRI to assess
treatment response in non-operatively managed appendici-
tis,>> one was a decision analysis,56 one was a radiologist train-
ing report,”” and one was a survey of imaging prioritisation.>*

Three primary cohort studies were identified that reported
on the diagnostic accuracy of MRI in identifying perforated
appendicitis, reporting a sensitivity of 57-100% and a speci-
ficity 86-100%, respectively.’®4%%! The PPV and NPV of
MRI features for discriminating complicated from simple
appendicitis are shown in Table 5.

Eight primary cohort studies were identified that compared
MRI and the reference standard with respect to their ability to
identify alternative diagnoses when appendicitis was clinically
suspected,?!343942:43:46.62.63 The sensitivity and specificity of
MRI for alternative diagnoses ranged between 77.0-100%*%2
and 94.9-100%,>** respectively. Seven of these studies addi-
tionally reported the data with a restriction to gynaecological
pathologies, with the values of sensitivity and specificity rang-
ing between 57.1-100%*%3 and 95.3-100%,>*** respectively.

Four studies were identified that directly compared MRI with
other assessment methods within homogenous populations. Rep-
plinger et al. compared between MRI (sensitivity 96.9%, 95%
CI: 88.2-99.5%; specificity 89.6%, 95% CI: 82.8-94.0%) and
contrast-enhanced CT (sensitivity 98.4%, 95% CI: 90.5-99.9%;
specificity 93.3%, 95% CI: 87.3-96.7%).>* Leeuwenburgh et al.
compared between MRI (sensitivity 97%; specificity 93%) and
ultrasound with selective use of contrast-enhanced CT (sensi-
tivity 97%; specificity 91%).%” Incesu et al. compared between
MRI (sensitivity 97%; specificity 92%) and ultrasound (sensitiv-
ity 76%:; specificity 88%).%® Inci et al. compared between MRI
(sensitivity 99%; specificity 100%) and the Alvarado scoring
system (sensitivity 84.2%; specificity 66.7%).%

Quality assessment results of the diagnostic accuracy
studies are displayed in Figs. 3 and 4. The limitations of
primary studies included insufficient descriptions of the
reference standard, the employment of composite refer-
ence standards, and a significant portion of patients com-
prising paediatric, pregnant, or both subgroups.

Discussion
In this study, we conducted a systematic review of the

published literature concerning the use of MRI for evaluat-
ing possible appendicitis presentations in the general adult
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Fig. 1 PRISMA flowchart
detailing the literature search
results

Identification of studies via databases

Identification

Records identified through

- PubMed database (n = 822)
- Ovid Embase + Embase
Classic (n = 1022)

- Ovid MEDLINE (n = 520)

- Web of Science (n = 750)

- Cochrane Library (n = 189)

Records removed before
screening.
Duplicate records removed
(n=1528)
Records removed for:
- retraction (n = 2)
- no abstract (n = 56)

Screening

Records screened
(n=1717)

Records excluded after
screening.
- title (n=1293)
- abstract (n = 47)
- fulltext (n=18)

Records sought for retrieval
(n=359)

Reports not retrieved:
Limited to paediatric
subgroups (n = 134)
Limited to pregnant subgroup
(n=113)
Review/opinion (n = 43)
Book reviews (n = 7)
Study protocols (n = 2)

Records assessed for eligibility
(n=60)

Reports excluded:
No full text available (n = 11)
Insufficient MRI and/or
appendicitis (n = 6)
Repetitive publication (n = 6)
Unclear or inappropriate
patient selection criteria
(n=3)
Full text not in English (n = 1)
Unclear reference standard
(n=1)

v

Included

Primary studies included in
review (n = 26)

Systematic reviews/meta-
analyses included in review
(n=6)

population. To our knowledge, this systematic review is
the first to extend beyond the diagnostic accuracy of MRI
and provides clinicians with an overview of the value
of MRI for diagnosing appendicitis in the general adult
population. Not only does MRI have high sensitivity and
specificity for diagnosing appendicitis, but it also has a
potential role in differentiating simple from complicated
appendicitis and in identifying alternative diagnoses that
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are commonly seen when appendicitis is suspected, such
as gynaecological diagnoses.

MRI has a promising diagnostic accuracy for acute appen-
dicitis in the general adult population,?® with clinical param-
eters similar to CT (sensitivity 95%; 95% CI: 93-96%; speci-
ficity 94%; 95% CI: 92-95%)'? and superior to ultrasound
(sensitivity 69%; 95% CI: 59-78%; specificity 81%; 95%
CI: 73-88%).2° Direct comparisons within homogeneous
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Fig.2 PRISMA flowchart
detailing the ancestral search [ Identification of studies via secondary studies ]

from bibliographies of second-

ary studies identified

Systematic reviews/meta-
analyses identified through
literature search (n = 6)

v

included (n = 119)

Primary studies about MRI

Duplicates removed (n = 61)

'

= 58)

Deduplicated primary studies (n

Reports excluded:
Limited to paediatric
subgroups (n = 17)
Limited to pregnant subgroup
(n=21)

Screening of included primary studies ][ Identified secondary studies ]

topic (n = 20)

Studies pertinent to the research

Reports excluded:
Had already been identified
from literature search (n = 19)

"
s
g Incorporated to literature search
> results (n=1)
£

——

populations suggested that the diagnostic accuracy of MRI
is comparable to contrast-enhanced CT*? or ultrasound with
selective use of contrast-enhanced CT,>” and superior to
ultrasound*® or the Alvarado scoring system.** No statisti-
cally significant difference exists when comparing MRI with
CT or ultrasound for the visualisation of a normal appen-
dix,% likely due to the paucity of data published.

Five meta-analyses have been published on the diagnostic
accuracy of MRI in appendicitis®**>*7* with the largest
being the 2021 Cochrane Review.?® This study reported the
pooled sensitivity and specificity of abdominal MRI sepa-
rately in three distinct population groups: the pregnant, the
paediatric, and the non-pregnant adult population.?® The
headline overall (non-subgrouped) results reported on a
population that is unrepresentative of the typical population
presenting with appendicitis, with large numbers of pae-
diatric patients (2,794), pregnant patients (2,282), and an
uncategorised group of mixed patients (1,298). These patient
groups combined to far exceed the size of the non-pregnant

adult population (1,088 patients), though the diagnostic
accuracy of MRI was similar across all subgroups. However,
the Cochrane review was limited to the issue of diagnostic
accuracy, whereas our paper also aims to cover the other
knowledge domains regarding MRI in appendicitis.

The discrimination between simple and complicated
appendicitis has significant ramifications on management,
as surgeons can choose to medically manage simple appen-
dicitis safely with antibiotics alone.®® Our results show
conflicting values of sensitivity and specificity of MRI for
identifying complicated appendicitis. This possibly reflects
the variations in MRI interpretation criteria used in each
study, as certain individual MRI features demonstrated a
favorable ability to identify or exclude complicated appen-
dicitis.>>** Still, little evidence currently exists to support
the use of MRI to identify perforated appendicitis, as also
noted by a 2018 systematic review.’’ The sensitivity and
specificity of CT for identifying complicated appendicitis
range between 28~95% and 71~100%, respectively.””
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Table 3 Results of meta-analyses on the diagnostic accuracy of MRI for appendicitis

Author name Year Number of total patients Sensitivity (%) Specificity (%)

N D'Souza® 2021 7,492 (overall) 95 (95% CI: 94-97) 96 (95% CI: 95-97)
1,088 (non-pregnant adults) 96 (95% CI: 93-97) 93 (95% CI: 80-98)
2,794 (paediatric patients) 96 (95% CI: 95-97) 96 (95% CI: 92-98)
2,282 (pregnant patients) 96 (95% CI: 88-99) 97 (95% CI: 95-98)

K Eng® 2018 287 89.9 (95% CI: 84.8-93.5) 93.6 (95% CI: 90.9-95.5)

M Repplinger*’ 2016 838 96.6 (95% CI: 92.3-98.5) 95.9 (95% CI: 89.4-98.4)

E Duke*® 2016 2,665 * 96 (95% CI: 95-97) 96 (95% CI: 95-97)

R Barger® 2010 363 97 (95% CI: 92-99) 97 (CI: 94-99)

#Results combining all paediatric, pregnant, and non-pregnant adults

Table 4 Summary of the studies identified in the systematic review that investigated topics other than the diagnostic accuracy of MRI

Author Year Topic

Finding

W Bom®® 2020 The diagnostic accuracy of different imaging modali-
ties for discriminating complicated from simple

appendicitis *

The available evidence was not sufficient for conducting
a meta-analysis

A Agathis®! 2019 The trend of MRI use according to the American Col-  Of the 11,841 patients that received an appendicectomy
lege of Surgeons database in 2016, only 36 adult patients had received MRI
0 Ozdemir>? 2018 The utility of MRI in follow-up assessment MRI was useful in the follow-up assessment of simple
appendicitis cases after initial medical management
N D'Souza’ 2018 Financial implications of imaging use for suspected The reduction in healthcare cost due to routine imaging

appendicitis

V Tan’? 2017 The trends of MRI use at 16 Canadian centres

M Agapova>* 2017 Imaging preferences of U.S. physicians

M Repplinger> 2016 The trend of MRI use at one U.S. academic centre

S Kiatpongsan®® 2014 Decision analysis on the benefits of MRI use

M Leeuwenburgh®’ 2012 Training of radiologists for interpreting MRI

J Horowitz>® 2011 Visualising normal appendixes
P Nikolaidis” 2006 Visualising normal appendixes
M Beinfield® 2005 Costs of MRI use

was 68% less when using MRI instead of CT

MRI was generally not used for assessing appendicitis in
non-pregnant adults in Canada, even at centres having
MRI available 24 hours a day

Radiologists generally preferred contrast-enhanced CT
over MRI to assess suspected appendicitis, whilst
ED physicians had minimal preference in choosing
between contrast-enhanced CT and MRI

MRI was never used for evaluating adults suspected of
appendicitis between 1992 and 2014

The advantage of MRI in minimising radiation exposure
is substantial only if MRI demonstrates a minimum
sensitivity of 91% when specificity is 100%, or mini-
mum specificity of 62% when sensitivity is 100%

Training of radiologists can improve the diagnostic
accuracy of MRI for appendicitis

T2-weighted MRI could visualise 80% of normal
appendixes

The reliability of MRI in visualising normal appendixes
was variable

The costs of MRI varied significantly between 1996 and
2002

*This was a secondary study that investigated MRI, CT, and ultrasound. However, due to the insufficient evidence regarding MRI and ultrasound,

meta-analysis was conducted only for CT

Our results suggest that the sensitivity of MRI for propos-
ing alternative diagnoses is variable, despite the high speci-
ficity of MRI. The range of the reported values of sensitivity
was greater when the alternative diagnoses were restricted
to gynaecological pathologies. Using MRI to investi-
gate gynaecological pathologies illustrated a significant

@ Springer

advantage over CT, given the underwhelming performance
of CT for the initial evaluation of adnexal pathologies.®” The
variable results on the sensitivity of MRI may be partially
attributable to the varying levels of MRI experience of the
interpreting radiologists in different studies,*** as the sen-
sitivity of MRI interpretation can improve with training.%*
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Table5 PPV and NPV of individual MRI features for discriminating
complicated from simple appendicitis, as identified in the systematic
review; for the data reported by Leeuwenburgh et al.,*!' the PPV and

NPV were calculated to exclude cases without appendicitis, based on
the reported values; the data reported by Zhu et al.** was excluded
due to an unusually high prevalence of complicated appendicitis

MRI feature PPV NPV
Appendiceal diameter > 7 mm®! 26.3 (30/114) 100 (2/2)
Periappendiceal fat infiltration®' 26.4 (29/110) 83.3 (5/6)
Periappendiceal fluid®! 30.7 (27/88) 89.3 (25/28)
Absence of intraluminal air®’ 24.5 (26/106) 60 (6/10)
Appendicolith®’ 30.8 (16/52) 78.1 (50/64)

Extraluminal appendicolith®?
Appendiceal wall defect®?
Appendiceal wall destruction®!
Phlegmon®?

Abscess 20!

Extraluminal free air’>°!

Restricted diffusion of appendiceal wall®!

Restricted diffusion of focal collections®

100 (1/1)
75~85.7 (6/8 ~ 6/7)

51.9 (14/27)

40.9~42.9 (9/22 ~ 9/21)

55.6 (10/18), 85.7~100 (6/7 ~ 6/6)

100 (1/1), 100 (2/2)
27.3 (27/99)
Restricted diffusion of appendiceal lumen®' 27.9 (24/86)
! 55.6 (15/27)

73.5 (25/34)
85.2~85.7 (23/27 ~ 24/28)
82.0 (73/89)
92.3~92.9 (12/13 ~ 13/14)

79.8 (79/99), 85.7~86.2
(24128 ~ 25/29)

75 (87/116), 75.8 (25/33)
86.7 (13/15)
82.1 (23/28)
83.9 (73/87)

Patient selection 2 INNRDR 8 &8 |
Index Test . 16 ]
Reference Standard | 13 T T

Flow and Timing | N NN  BONG

0% 50% 75%

Risk of Bias

25%

0% 25% 50% 75%  100%

Applicability Concerns

100%

. High [:] Unclear

. Low

Fig.3 QUADAS-2 assessment findings for each domain represented as percentages

The amount of time needed to perform imaging has an
obvious impact on the time it takes to diagnose and treat
appendicitis. All but one of our studies reported an MRI
duration of 25 minutes or less, with half of them report-
ing 15 minutes or less. Three studies used MRI protocols
lasting four minutes or less, demonstrating that MRI for
appendicitis can be performed rapidly. Preparation for a
typical non-contrast MRI is minimal,®® whereas preparing
a patient for CT (typically contrast-enhanced) often takes at
least 30 to 60 minutes in clinical practice,69 for reasons such
as intravenous cannulation for radiocontrast injection and
administration and progression of oral contrast (commonly
1.5 to 2 hours).**" The use of contrast agents is common
in most CT practices, with at least one contrast agent used

over 80% of the time.”"’”> By comparison, the MRI proto-
cols used by the primary studies in our systematic review all
used non-contrast sequences, with only one study adding a
gadolinium contrast sequence, suggesting that contrast use is
unnecessary in MRI of the appendix. The literature suggests
that MRI is not significantly slower than CT in daily clinical
practice, and indeed may be quicker in some scenarios, as
was demonstrated with paediatric patients.”® Also, the use of
MRI can avoid the need for contrast agents, which are well-
recognised as a source of patient morbidity.'®!”

Decision analysis shows substantial long-term patient
benefit of receiving MRI over CT by virtue of avoiding the
adverse effects of ionising radiation.?® Routine use of imag-
ing including MRI significantly lowers healthcare costs by

@ Springer
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Fig.4 QUADAS-2 assessment
findings for each domain of the

diagnostic outcomes studies
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reducing the negative appendicectomy rate,*? though this cost
reduction is 68% less when using MRI instead of CT.> The
improved identification of simple (versus complicated) appen-
dicitis using MRI*®#¢ may allow risk stratification and more
effective use of non-operative management, thus hypotheti-
cally reducing hospital costs, although this has yet to be for-
mally studied. Similarly, MRI detection of gynaecological
pathologies avoids the need to use both CT and ultrasound to

@ Springer

identify these common differential diagnoses, making MRI
potentially less costly in females. However, the exact financial
implication of using MRI to assess suspected appendicitis is
unclear due to the lack of a direct cost-benefit analysis.
Despite these advantages, an extremely small proportion
of non-pregnant adult patients with suspected appendicitis
receive MRI imaging in the USA and Canada,’'>*% even at
institutions that have MRI available 24 hours a day.”
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Several limitations underlie the published meta-analyses,
including the 2021 Cochrane Review. Firstly, the results of
these meta-analyses generally do not extend beyond inves-
tigating sensitivity, specificity, and heterogeneity. Sec-
ondly, the meta-analyses published to date are subject to
bias due to the lack of RCTs. A lack of RCTs introduces
bias through unmitigated inter-cohort variability and the
lack of randomisation or blinding. Thirdly, the generally
poor reporting standards of the primary studies compromise
the validity of the meta-analyses, as described by the 2021
Cochrane Review.?® Nevertheless, it is arguable that RCTs
are unlikely to be funded or conducted given the currently
available evidence.

Our systematic review contains multiple limitations. Het-
erogeneity of patient characteristics and study designs exists
between individual primary studies. The presumed greater
likelihood of publication of studies with positive conclusions
about MRI would bring publication bias. Because the MRI
experience of radiologists impacts diagnostic accuracy,’* our
conclusions may not be generalised to centres where access
to experienced MRI radiologists is limited.

Possible directions for future research may include cost-
benefit analysis of MRI for appendicitis and the visualisation
rate of the normal appendix given the lack of data in the cur-
rent literature. More reports on the use of MRI to identify
complicated appendicitis or propose alternative diagnoses
would help better define the role of MRI in streamlining sur-
gical decision-making in clinical practice.

Conclusion

The diagnostic accuracy of MRI for appendicitis has already
been shown to be excellent. Our systematic review identifies
the evolving ability of MRI to help differentiate simple and
complicated appendicitis or to identify alternative diagno-
ses, whilst avoiding the adverse effects of CT, such as the
use of ionising radiation and the contrast agents. Whether
MRI is less costly remains uncertain; however our system-
atic review demonstrates that MRI can be performed rapidly.
Despite these benefits, MRI is rarely used in current clinical
practice for the investigation of abdominal pain in adults,
but our study suggests it has great potential to markedly
benefit the pre-operative decision-making of surgeons treat-
ing appendicitis.
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