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This paper is part of a clinical practice guideline update on the risk-assessment, diagnostic imaging,
and microbiological evaluation of complicated intra-abdominal infections in adults, children, and
pregnant people, developed by the Infectious Diseases Society of America. In this paper, the panel
provides recommendations for diagnostic imaging . of suspected acute appendicitis. The panel’s
recommendations are based upon evidence derived from systematic literature reviews and adhere
to a standardized methodology for rating the'certainty of evidence and strength of recommendation
according to the GRADE (Grading of Recommendations Assessment, Development and
Evaluation) approach.
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In adults with suspected acute appendicitis, should ultrasound (US), CT, or MRI be obtained
as the initial imaging modality?

In adults with suspected appendicitis, if initial imaging is inconclusive, should US, CT, or
MRI be obtained for subsequent imaging?

Recommendation: In non-pregnant adults with suspected acute appendicitis, the panel suggests
obtaining an abdominal CT as the initial imaging modality to diagnose acute appendicitis
(conditional recommendation, very low certainty of evidence).

Remarks:

e |V contrast is usually appropriate whenever a CT is obtained in adults with suspected
acute appendicitis; however, CT without 'V contrast also has high diagnostic accuracy in
detecting acute appendicitis and may be appropriate [1].

e Because of CT’s accuracy, immediate additional imaging studies beyond CT are usually
not necessary. If a CT is negative but clinical suspicion for acute appendicitis persists,
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consider observation and supportive care, with or without antibiotics; if clinical suspicion
is high, consider surgical intervention.
e US, when definitively positive or definitively negative, and MRI are also reasonably
accurate and may precede CT, depending on the patient and clinical circumstances.
In children with suspected acute appendicitis, should US, CT, or MRI be obtained as the
initial imaging modality?

In children with suspected appendicitis, if initial imaging is inconclusive, should US, CT, or
MRI be obtained for subsequent imaging?

Recommendation: In children and adolescents with suspected acute.appendicitis, the panel
suggests obtaining an abdominal US as the initial imaging modality to diagnose acute appendicitis
(conditional recommendation, very low certainty of evidence).

Remarks:

» US s generally readily available but is also operator-dependent and can yield equivocal
results. MRI is not always readily available, and sedation may be required for young
children. CT is generally readily available-but invelves radiation exposure and may
require use of IV contrast or sedation.

Recommendation: In children and adolescents.with suspected acute appendicitis, if initial US is
equivocal/non-diagnostic and clinical suspicion persists, the panel suggests obtaining an
abdominal MRI or CT as subsequent.imaging. to diagnose acute appendicitis rather than obtaining
another US (conditional recommendation, very low certainty of evidence).

Remarks:

s US s generally available but is also operator-dependent and can yield equivocal results.
MRI is not always readily available, and sedation may be required for young children.
CT is_generally readily available but involves radiation exposure and may require use of
IV _contrast or sedation.

« CT with IV contrast is usually appropriate when performed in children with suspected
acute appendicitis after equivocal US; however, CT without IV contrast may be
appropriate [2].

» Depending on the clinical situation, observation may be appropriate instead of
subsequent imaging.

» |f there is a strong clinical suspicion for appendicitis after equivocal imaging,
exploratory laparoscopy or laparotomy may also be considered if subsequent imaging
delays appropriate management.

In pregnant people with suspected acute appendicitis, should US or MRI be obtained as the
initial imaging modality?
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In pregnant people with suspected appendicitis, if initial imaging is inconclusive, should US
or MRI be obtained for subsequent imaging?

Recommendation: In pregnant people with suspected acute appendicitis, the panel suggests
obtaining an abdominal US as the initial imaging modality to diagnose acute appendicitis
(conditional recommendation, very low certainty of evidence).

Remarks:

¢ It would also be reasonable to initially obtain an MRI in pregnant people with suspected
acute appendicitis if access to an MRI is readily available. The conditional.imaging
strategy suggested (US, then MRI for equivocal results) would likely yield the same
results as an MRI only.
Recommendation: In pregnant people with suspected acute appendicitis, if initial US is
equivocal/non-diagnostic and clinical suspicion persists, the panel suggests obtaining an MRI as
subsequent imaging to diagnose acute appendicitis (conditional recommendation, very low
certainty of evidence).

Remarks:

e It would also be reasonable to initially-obtain an MRI in pregnant people with suspected
acute appendicitis if access to an-MRI is readily available. The conditional imaging
strategy suggested (US, then MRI for equivocal results) would likely yield the same
results as an MRI only.

INTRODUCTION

This paper is part of a clinical practice guideline update on therisk assessment, diagnostic imaging,
and microbiological ‘evaluation of complicated intra-abdominal infections in adults, children, and
pregnant people; developed by the Infectious Diseases Society of America [3-9]. Here, the
guideline panel provides recommendations for diagnostic imaging of suspected acute appendicitis
adults;children, and pregnant people. Recommendations are stratified by initial imaging and then
subsequent imaging if initial imaging is inconclusive. These recommendations replace previous
statements in the last iteration of this guideline [10].

A complicated intra-abdominal infection extends beyond the hollow viscus of origin into the
peritoneal space and is associated with either abscess formation or peritonitis; this term is not
meant to describe the infection’s severity or anatomy. An uncomplicated intra-abdominal infection
involves intramural inflammation of the gastrointestinal tract and has a substantial probability of
progressing to complicated infection if not adequately treated.
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These recommendations are intended for use by healthcare professionals who care for patients
with suspected intra-abdominal infections.

METHODS

The panel’s recommendations are based upon evidence derived from systematic literature reviews
and adhere to a standardized methodology for rating the certainty of evidence and strength of
recommendation according to the GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) approach (Supplementary Figure 1) [11]. The recommendations
have been endorsed by the European Society of Clinical Microbiology-and Infectious Diseases
(ESCMID) and the Pediatric Infectious Diseases Society (PIDS).

Strong recommendations are made when the recommended course-of action would apply to most
people with few exceptions. Conditional recommendations are made-when the suggested course
of action would apply to the majority of people with many. exceptions and shared decision-making
Is important.

A comprehensive literature search (through Octaber.2022) was conducted as part of a systematic
review. Key eligibility criteria at both the topic and-clinical question levels guided the search and
selection of studies. For the clinical questions addressed here, the panel considered patients with
suspected acute appendicitis, excluding studies that only enrolled patients with pathologically
confirmed appendicitis. Studiesthat-analyzed children and adultstogether were also excluded. US,
CT (including multidetector CT), MRI, and magnetic resonance cholangiopancreatography
(MRCP) were reviewed as possible imaging modalities, but point-of-care US (POCUS), surgeon-
performed US, transvaginal-only US, and unenhanced CT were excluded. Though POCUS is used
frequently, only studies assessing US performed in a controlled manner and interpreted by a
radiologist were <included, primarily due to the variability in interpretation of POCUS.
Observational studies published after 2010 and randomized controlled trials were screened for
inclusion. Studies were excluded if the authors did not report the raw data necessary to calculate
sensitivities and specificities and did not respond to email inquiries for data. Refer to the full list
of eligibility criteria in the Supplementary Material.

For each population/modality combination, an existing meta-analysis was selected based on
recency and rigor (according to AMSTAR-2 assessment) [12] as a starting point (Table 1).
Eligibility criteria were applied, and any newer, relevant studies were added. References of newer
meta-analyses found via the search update were reviewed and any new or missing studies were
also added. Sensitivities, specificities, and corresponding 2X2 tables were plotted in RevMan
based on the population and imaging study [13]. All included studies underwent critical appraisal
according to the GRADE approach, and then an assessment of benefits and harms of care options
informed the recommendation(s) [14, 15]. Details of the systematic review and guideline
development processes are available in the Supplementary Material.

DOI: 10.1093/cid/ciae348 S

20z AInf gz uo 1senb Aq z€190/2/8E9EIO/PIO/EGOL 01 /10P/S[0ILE-80UBAPE/PIO/WOS" dNO"0IWEPEDE//:SARY WOl POPEOUMOC



Summary of evidence

Almost all studies evaluated an imaging modality against some reference standard (e.g.,
histopathology, surgical impression, and/or final diagnosis) instead of comparing the effectiveness
of one imaging modality versus another.

Searches yielded fifteen meta-analyses [16-31]; an additional 3 were identified when updating the
search in late 2022 [32-34].

Table 1. Selected Meta-Analyses

. . Initial Subsequent | Subsequent | Subsequent
Initial US | Initial CT MRI US cT MRI
. Zhang 2017 Zhang D’Souza | Eng 2018 Eng 2018 D’Souza
Children [31] 2017 31 2021 [21] [22] [22] 2021 [21]
Dahabreh | Rud 2019
Adults 2015 181 + (28] + D’Souza | Eng2018 Eng 2018 D’Souza
Arruzza Arruzza 2021 4 (221 22] 2021 4
2022 34 2022 34
Dahabreh
2015 (81 +
Pregnant Li 2022 21 | Dahabreh | D’Souza | Eng2018 | Eng 2018 D’Souza
people + 2015 (28 2021 21 22] [22] 2021 21
Moghadam
2022 81

A comprehensive search yielded 147 primary observational studies for the analyses on whether to
use CT, US, or MRI to diagnose acute appendicitis in children, adults, and pregnant people.
(Supplementary Tables. 1-3) Mean (range) sensitivities and specificities are reported in Tables 1-3
below for initial and subsequent imaging (vs. reference standard) foradults, children, and pregnant
people.

A large ‘proportion of US results are classified as equivocal or indeterminate. In 9 studies
evaluating. initial US in adults, 68% of patients (median; range 8-84%) had equivocal or
indeterminate results [35-43]. In 16 studies evaluating initial US in children, 36% of patients
(median; range 3-75%) had equivocal or indeterminate results [44-59]. In 2 studies evaluating
initial US in pregnant people, 95% of patients (median; range 93-97%) had equivocal or
indeterminate results [60, 61]. Because of this, two analyses were performed for each population
receiving US: 1) an analysis of only the definitive results (definitively positive and definitively
negative) and then, 2) an analysis of all the results, including the equivocal and indeterminate
results. For the latter, equivocal results were classified as negative on US (resulting in true
negatives and false negatives, depending on the reference standard classification), or probably
positive (with secondary signs) or probably negative (without secondary signs) were classified as
positive and negative, respectively. For the analyses, equivocal results included: indeterminate

DOI: 10.1093/cid/ciae348 6

20z AInf gz uo 1senb Aq z€190/2/8E9EIO/PIO/EGOL 01 /10P/S[0ILE-80UBAPE/PIO/WOS" dNO"0IWEPEDE//:SARY WOl POPEOUMOC



results,

non-visualization of the appendix, “probably” positive or “probably” negative

determinations, and results based only on secondary signs (e.g., periappendiceal fat thickening,

increased echogenicity or hyperemia,

right lower quadrant inflammation,

intraperitoneal

collection, or complex free fluid). Patients withan alternative diagnosis found on US (e.g., cancer)
were considered negative for appendicitis on US. Though results from MRI and CT can.also be
equivocal/indeterminate, the panel believed this was less likely to happen than with US; and thus,
less of a concern.

Table 2. Diagnostic Accuracy of Imaging in Adults

: : No. studies; No. Sensitivity No. studies; No. Specificity
Imaging Population patients median (range) patients median (range)
Initial US- Adults with 7 observational | 0.99 (0.87-1.00) ;gg;e;g%?;%“g! 0.95 (0.54-1.00)
definitive results suspected studies [35:36.39-43} [ (Sypplementary 23]. (Supplementary
only appendicitis 792 patients Figure 2) 792 patients Figure 2)
Initial US- all Adults with | 22 dﬁgggg’g‘},'g;il‘_ 0.68 (044-0.88) | &2 df’igg?g?},'g’g}j‘l'_ 0.96 (0.25-1.00)
results,_lncluclilng suspeé:_te_d_ 43,62-66]: (Supplemegtary 43,62-66]. (Supplemegtary
equivoca appendicitis 2.454 patients Figure.2) 2.454 patients Figure 2)
Adults with | 28 observational |  0:97 (0.83-1.00) Sztz df’lg;‘e[gg ational 1 9.94 (0.64-1.00)
Initial CT* suspected studies [35:39.66-91) | “(Sipplementary 74.78,80-92]- (Supplementary
appendicitis 12,077 patients Figure 3) 12,047 patients Figure 3)
Adults with 5 observational 0.96 (0.85-0.97) 5 observational 0.97 (0.89-1.00)
Initial MRI suspected studies; [6593:961." | (Supplementary | studies[6593-961; | (Supplementary
appendicitis 527 patients Figure 4) 527 patients Figure 4)
Subsequent US- Adults with 1 observational 0.98 1 observational 0.97
definitive results suspected study 971, (Supplementary study [971; (Supplementary
only appendicitis 190 patients Figure 5) 190 patients Figure 5)
Sul;sitle?:seur;;tsus- Adults'with 2 observational 0.84 (0.77-0.90) 2 observational 0.91 (0.83-0.98)
i . suspected studies [97. 981; (Supplementary studies [97. 98I (Supplementary
including appendicitis 364 patients Figure 5) 364 patients Figure 5)
equivocal PP P g P 9
: 9 observational 9 observational
Adults with studis [35.39. 41,68, 0.97 (0.80-1.00) studies [35.39, 41,68, 0.97 (0.84-1.00)
Subsequent CT suspec.te.d. 99-103). (Su pplem entary 99-103]. (Supplem entary
appendicitis 1,329 patients Figure 6) 1,329 patients Figure 6)
Adults with
Subsequent MRI suspected No studies found No studies found
appendicitis

*One additionalstudy [29] performed a head-to-head comparison of US and CT in adults presenting to the ED with
abdominalpain. For the 284 diagnosed with appendicitis, US (definitive results only) and CT yielded sensitivities of
76% and 94%, respectively, and specificities of 95% and 95%, respectively.

Table 3. Diagnostic Accuracy of Imaging in Children

No. studies; No.

Sensitivity

No. studies; No.

Specificity

Imaging Population patients median (range) patients median (range)
Initial US- Children with 15 observational | 0.99 (0.84-1.00) | 15 observational | 0.96 (0.71-0.98)
definitive results suspected studies [44-47.49-56, | (Sypplementary | studies[44-47.49-56. | (Supplementary
only appendicitis 58,59,92,104], Figure 7) 58,59,92,104], Figure 7)
DOI: 10.1093/cid/ciae348 7

20z AInf gz uo 1senb Aq z€190/2/8E9EIO/PIO/EGOL 01 /10P/S[0ILE-80UBAPE/PIO/WOS" dNO"0IWEPEDE//:SARY WOl POPEOUMOC



11,825 patients

11,825 patients

22 observational

22 observational

Initial US- all Children with studies l44-59.105. | 082 (056-1.00) | ‘© e 0s. | 094 (0.17-0.99)
resu Its,_lncluclilng suspeé:_te.d_ 110]: (Squ:pIeme?tary 110]. (Surl):pleme?tary
equivoca appendicitis 16,252 patients igure 7) 16,252 patients igure 7)

Children with 3 observational 0.96 (0.91-0.98) 3 observational 0.96 (0.87-1.00)
Initial CT suspected studies [110-112]; (Supplementary studies [110-112]; (Supplementary
appendicitis 393 patients Figure 8 393 patients Figure 8
. . 11 observational 11 observational
N Children with studies [49.57, 92,113 0.98 (0.92-1.00) studies [49.57, 92, 113" 0.97 (0.89-1.00)
Initial MRI suspected 121]. (Supplementary 121]. (Supplementary
appendicitis 2,799 patients Figure 9) 2,799 patients Figure 9)
Subsequent US- Children with 2 observational 1.00 (1.00-1.00) 2 observational 0.96 (0.91-1.00)
definitive results suspected studies [44. 1221, (Supplementary studies#:391; (Supplementary
only appendicitis 39 patients Figure 10) 39 patients Figure 10)
Sugﬁf?:;r:ttsus' Children with 3 observational 0.83 (0.71-0.98) 3 observational 0.96 (0.96-1.00)
includin ’ suspected studies [44.122.123]: | (Supplementary | studies[44.122.123]; | (Supplementary
uding appendicitis 148 patients Figure 10) 148 patients Figure 10)
equivocal
. . 6 observational 6 observational
Children with studies [59,92, 123- 0.98 (0:86-1.00) studies [59,92, 123- 0.98 (0.94-1.00)
Subsequent CT suspected 127]. (Supplementary 127]. (Supplementary
appendicitis 908 patients Figure 11) 908 patients Figure 11)
. . 14 observational 14 observational
Chl|d|’en Wlth StudieS [57'1041124y 0.95 (0.84'1.00) Studies [57'104' :|_24Y 0.97 (0.88'1.00)
Subsequent MRI suspeg_te.tt:i_ 125,126-137]; (Sulgplemelrgtary 125,126-137]. (Sulgplemelnztary
appendicitis 1,971 patients igure 12) 1,971 patients igure 12)
Table 4. Diagnostic Accuracy of Imaging in Pregnant People
Imaain Populatiof No. studies; No. Sensitivity No. studies; Specificity
ging P patients median (range) No. patients median (range)
Initial US- Pregnant people 2 observational 1.00 (1.00-1.00) | 2 observational 0.92 (0.83-1.00)
definitive results | with-suspected studies [60.61]; (Supplementary studies [60.61]; (Supplementary
only appendicitis 11 patients Figure 13) 11 patients Figure 13)
Initial US- all Preghant people | 3 observational 0.26 (0.18-0.29) | 3 observational 1.00 (0.99-1.00)
results, including| with suspected | studies[60.61.138]: | (Supplementary | studies[60.61.138]: | (Supplementary
equivocal appendicitis 579 patients Figure 13) 579 patients Figure 13)
Pregnant people | 11 observational | 0.93 (0.18-1.00) | 11 observational | 0.96 (0.54-1.00)
Initial MRI with suspected | studies[92.139-148]: | (Sypplementary | studies[92:139-148]; | (Supplementary
appendicitis 1,512 patients Figure 14) 1,512 patients Figure 14)
Pregnant people
Subsequent US with suspected No studies found No studies found

appendicitis

Subsequent MRI

Pregnant people
with suspected
appendicitis

7 observational

Stud |eS [60, 138,139,
149-152].

479 patients

1.00 (1.00-1.00)
(Supplementary
Figure 15)

7 observational

Stud |eS [60, 138,139,
149-152].

479 patients

0.98 (0.94-1.00)
(Supplementary
Figure 15)

The evidence for all imaging recommendations was of very low certainty due to study risk of bias
concerns (according to QUADAS-2 assessment; Supplementary Tables 4-6) [153, 154], along with
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indirectness of comparisons (e.g., lack of head-to-head studies comparing various imaging
modalities) (Supplementary Tables 7-20). Inconsistent results and imprecision of results were also
of concern for many of the imaging modalities studied, as noted in the evidence tables. Additional
analyses were performed that were considered informative but not essential to formulating the
recommendation (Supplementary Table 21, Supplementary Figures 16-20).

Rationale for recommendations
Imaging in adults

Abdominal CT is suggested as the initial imaging modality for adults with suspected acute
appendicitis. Although US seems highly accurate when yielding definitive results, abdominal CT
can be used to identify other potential causes of abdominal pain (e.g:; colon cancer) that are more
likely to be seen in adults. Because of this, the panel suggests CT as-the initial imaging modality
for adults. Because of CT’s accuracy in diagnosing acute appendicitis,additional imaging studies
beyond CT should not be necessary. US, when definitively positive or definitively negative, and
MRI are also reasonably accurate and may precede CT, depending on the patient and clinical
circumstances.

Imaging in children

The panel suggests US as the preferred initial imaging modality in children with suspected acute
appendicitis. If an initial US is equivocal/indeterminate, the panel suggests either MR1 or CT for
subsequent imaging. Both CT and MRI demonstrated very high sensitivities and specificities. US
had comparable results when®considering only definitively positive and definitively negative
imaging interpretations. When.adding in the equivocal/indeterminate results, sensitivity of US
dropped from 99% to 82%. Because US is readily available, inexpensive, and highly accurate
when yielding a definitive result, the panel suggests obtaining an US first in children with
suspected appendicitis: MR1 may not be as readily available and may necessitate sedation in young
children. CT.is associated with radiation exposure, which is of particular concern in children.
However, US oftenyields equivocal/indeterminate results, in which case, the panel suggests either
MRI or CT as subsequent imaging in children with suspected appendicitis. Allergies or
contraindications to 1V contrast may preclude the use of CT.

Imagingin pregnant people

Abdominal US is suggested as the initial imaging modality for pregnant people with suspected
acute appendicitis. If theinitial USis equivocal, the panel suggests obtaining an MRI as subsequent
Imaging to diagnose acute appendicitis. While limited by an extremely small sample size (n=11),
combined data suggest that initial US results are accurate when definitive results are reported. For
most pregnant people reporting pain congruent with suspected acute appendicitis, practitioners
would likely perform an initial US as part of the assessment because of the ease of access to an
US. MRI following an initial US is also highly accurate and is suggested for subsequent imaging
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beyond US. It would also be reasonable for a practitioner to proceed directly to an MRI as the
initial imaging modality, if available and feasible.

Implementation considerations

IV contrast is usually appropriate whenever a CT is obtained in adults with suspected acute
appendicitis; however, CT without 1V contrast also has high diagnostic accuracy in detectingacute
appendicitis and may be appropriate [1]. Similarly, CT with 1V contrast is usually appropriate
when performed in children with suspected acute appendicitis after equivocal US; however, CT
without IV contrast may be appropriate [2]. Reduced-dose CT has demonstrated similar diagnostic
performance to that of standard-dose CT in both children and adults; therefore, reduced-dose CT
Is a reasonable option to consider where available [30].

Research needs

While a few studies comparing multiple diagnostic imaging strategies in the same study sample
were identified, more “head-to-head” studies would be useful, especially considering the plethora
of studies comparing various imaging modalities to a reference standard.
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Disclaimer: It is important to recognize that guidelines cannot always account for individual
variation among patients. They are assessments of current scientific and clinical information
provided as an educational service; are not continually updated and may not reflect the most recent
evidence (new evidence may emerge between the time information is drafted and when it is
published or read); should not be considered inclusive of all proper methods of care, or as a
statement of the standard of care; do not mandate any course of medical care; and are not intended
to supplant clinician judgment with respect to particular patients or situations. Whether to follow
guidelines and to what extent is voluntary, with the ultimate determination. regarding their
application to be made by the clinician in the light of each patient’s individual circumstances.
While IDSA makes every effort to present accurate, complete, and reliable information, these
guidelines are presented “as is” without any warranty, either express/or implied. IDSA (and its
officers, directors, members, employees, and agents) assume no-responsibility for any loss,
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Additional information: More detailed information on the analysis and development of
recommendations is available in the Supplementary Material.
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