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American College of Radiology
ACR Appropriateness Criteria®
Clinical Condition:

Right Lower Quadrant Pain—Suspected Appendicitis

Variant 1:

Fever, leukocytosis, and classic clinical presentation for appendicitis in adults.
Radiologic Procedure

Rating

Comments
Oral or rectal contrast may not be needed
depending on institutional preference.
Use of oral or rectal contrast depends on
institutional preference.
Perform this procedure with graded
compression.
This procedure is appropriate in women
with pelvic pain.

RRL*
☢☢☢☢

CT abdomen and pelvis with IV contrast

8

CT abdomen and pelvis without IV
contrast

7

US abdomen

6

US pelvis

5

MRI abdomen and pelvis without and with
IV contrast

5

X-ray abdomen

4

CT abdomen and pelvis without and with
IV contrast

4

MRI abdomen and pelvis without IV
contrast

4

O

X-ray contrast enema

2

☢☢☢

Tc-99m WBC scan abdomen and pelvis

2

☢☢☢☢

O
O
O

This procedure may be useful when there
is concern for perforation and free air.
Oral or rectal contrast may not be needed
in this procedure depending on
institutional preference.

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Variant 2:

☢☢☢☢

☢☢
☢☢☢☢

*Relative
Radiation Level

Fever, leukocytosis; possible appendicitis, atypical presentation, adults and adolescents.
Radiologic Procedure

Rating

CT abdomen and pelvis with IV
contrast

8

X-ray abdomen

6

US abdomen

6

US pelvis

6

CT abdomen and pelvis without IV
contrast
MRI abdomen and pelvis without and with
IV contrast
CT abdomen and pelvis without and with
IV contrast
MRI abdomen and pelvis without IV
contrast

6

Comments

RRL*

Oral or rectal contrast may not be needed
depending on institutional preference.
This procedure may be useful in excluding
free air or obstruction.
Perform this procedure with graded
compression.
This procedure is appropriate for women
with pelvic pain.
Use of oral or rectal contrast depends on
institutional preference.

☢☢☢☢

5
Oral or rectal contrast may not be needed
depending on institutional preference.

4
2

Tc-99m WBC scan abdomen and pelvis

2

O
☢☢☢☢

☢☢☢☢
O

The RRL for the adult procedure is
☢☢☢.

☢☢☢☢
☢☢☢☢

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

ACR Appropriateness Criteria®

O

O

4

X-ray contrast enema

☢☢
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Clinical Condition:

Right Lower Quadrant Pain—Suspected Appendicitis

Variant 3:

Fever, leukocytosis, pregnant woman.
Radiologic Procedure

Rating

US abdomen

8

MRI abdomen and pelvis without IV
contrast

7

US pelvis

6

CT abdomen and pelvis with IV contrast

5

CT abdomen and pelvis without IV
contrast

4

CT abdomen and pelvis without and with
IV contrast
MRI abdomen and pelvis without and with
IV contrast

Comments
Perform this procedure with graded
compression. This procedure is better in
the first and early second trimester.
This procedure may be useful following
negative or equivocal US.

RRL*
O
O
O

This procedure may be useful following
negative or equivocal US and MRI. Oral
or rectal contrast may not be needed
depending on institutional preference.
This procedure may be useful following
negative or equivocal US and MRI. Use of
oral contrast depends on institutional
preference.

☢☢☢☢

☢☢☢☢

3

☢☢☢☢

2

O

X-ray abdomen

2

☢☢

X-ray contrast enema

2

☢☢☢

Tc-99m WBC scan abdomen and pelvis

2

☢☢☢☢

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Variant 4:

*Relative
Radiation Level

Fever, leukocytosis, possible appendicitis, atypical presentation in children (younger than
age 14).
Radiologic Procedure

Rating

US abdomen

8

CT abdomen and pelvis with IV contrast

7

X-ray abdomen

6

US pelvis

5

CT abdomen and pelvis without IV
contrast
MRI abdomen and pelvis without and with
IV contrast
MRI abdomen and pelvis without IV
contrast
CT abdomen and pelvis without and with
IV contrast

Comments
Perform this procedure with graded
compression.
This procedure may be useful following
negative or equivocal US. Oral or rectal
contrast may not be needed depending on
institutional preference.
This procedure may be useful in excluding
free air or obstruction.
This procedure is appropriate in women
with pelvic pain.
Use of oral contrast depends on
institutional preference.

5

RRL*
O
☢☢☢☢
☢☢
O
☢☢☢☢

5

O

4

O

3

☢☢☢☢☢

X-ray contrast enema

2

☢☢☢☢

Tc-99m WBC scan abdomen and pelvis

2

☢☢☢☢

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate
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RIGHT LOWER QUADRANT PAIN — SUSPECTED APPENDICITIS
Expert Panel on Gastrointestinal Imaging: Martin P. Smith, MD1; Douglas S. Katz, MD2; Max P. Rosen, MD,
MPH3; Tasneem Lalani, MD4; Laura R. Carucci, MD5; Brooks D. Cash, MD6; David H. Kim, MD7;
Robert J. Piorkowski, MD8; William C. Small, MD, PhD9; Stephanie E. Spottswood, MD10; Mark Tulchinsky,
MD11; Vahid Yaghmai, MD, MS12; Judy Yee, MD.13

Summary of Literature Review
Introduction/Background
Relatively few comparative imaging studies evaluating right lower quadrant (RLQ) pain are available; most of the
literature centers on the diagnosis of acute appendicitis (AA), the most common cause of acute RLQ pain
requiring surgery [1]. For this reason, the focus of this narrative is on appendicitis and the accuracy of imaging
procedures in diagnosing appendicitis, although consideration of other diseases is included.
In a few patients with AA, such as young men, imaging may not be necessary because the clinical presentation is
sufficiently diagnostic to allow surgery [2,3]. Clinical prediction scores, such as the Alvarado score, have been
used as a prediction rule for identifying patients with appendicitis; however, their accuracy is inferior to imaging
and insufficient as a sole method for appendicitis evaluation [4]. In many published studies for appendicitis
imaging, subjects with definitive clinical examination findings of appendicitis undergo operation without
imaging. In the reported imaging studies, approximately 40% of imaged subjects on average had appendicitis and,
in approximately 30% of subjects, another cause for RLQ pain was identified by imaging. Data on the overall
effect of imaging on surgical treatment of appendicitis and patient outcome remain somewhat controversial, but
growing evidence supports imaging use to reduce the negative appendectomy rate (NAR) [5-14].
Computed Tomography and Ultrasound
Computed tomography (CT) is the most accurate examination for evaluating patients without a clear clinical
diagnosis of AA [15,16]. In a meta-analysis of 6 prospective studies through February 2006 of the accuracy of CT
and ultrasound (US) in adolescents and adults, CT demonstrated superior sensitivity (91%; 95% confidence
interval [CI], 84%–95%) and specificity (90%; 95% CI, 85%–94%) versus US (sensitivity, 78%; 95% CI, 67%–
86%; specificity 83%, 95% CI, 76%–88%) [17]. The results of CT investigations were consistent across all
studies and institutions, whereas US investigations demonstrated heterogeneity, suggesting greater dependence on
operator skill [18]. The routine use of CT to evaluate for appendicitis has been shown to decrease overall costs by
$447 to $1,412 per patient [13,19]. CT has been shown to decrease NAR from 16.7% to 8.6% in a meta-analysis
of 20 studies with a broad range of 5,616 patients [20] and from 42.9% to 7.1% among 399 women aged 18–45
years at a single institution [21]. Accuracy of clinical diagnosis of the etiology of RLQ pain in women of
childbearing age tends to be less accurate compared with adult men, thereby suggesting a lower threshold for
imaging in this population [22]. In elderly patients with RLQ pain, the accuracy of clinical diagnosis also tends to
be less accurate, and the increased risk of complications with AA in this population suggests a lower threshold for
imaging with CT, as it has been shown to be highly accurate in depicting AA and its complications [23].
With the increased use of CT to evaluate for AA, concern has also increased about the effects of radiation
exposure from CT, particularly since the majority of the population undergoing imaging for suspected AA is
young or relatively young. A few studies have used algorithms with US as a first test to decrease the use of CT or
have studied the use of CT with techniques that reduce the radiation dose while maintaining diagnostic accuracy.
In 2 recent studies from Europe, diagnostic pathways used US as the primary modality after clinical evaluation by
a surgeon. CT was reserved for cases where US was inconclusive [24] or negative [25]. These studies showed
pathway sensitivity and specificity of 95.0% and 86.7% [24] with CT used in only 17.9% of cases, and 100% and
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86% [25] with CT used in 39.7% of cases; all diagnostic errors in both studies were made in patients who
underwent US only. Another European study of 183 patients first used an algorithm of US followed by low-dose
(LD) CT when US was inconclusive, and then standard-dose (SD) CT when LDCT was inconclusive; 98.8%
sensitivity and 96.9% specificity for diagnosing appendicitis were obtained with a 64% reduction in estimated
dose compared to performing SDCT in all imaged patients [26]. A recent study comparing NAR between a SDCT
(447 patients) and a LDCT technique (444 patients) in a routine university hospital emergency department (ED)
showed no significant difference in NAR with the LD protocol using less than 25% of the estimated dose of the
SDCT protocol [27]. In both studies, thin slices and multiplanar reformats were used to aid in diagnosis, which
have also been shown in small studies to increase confidence in identifying the appendix [28-30].
When using CT, questions remain whether to use intravenous (IV) contrast, enteric contrast, both, or neither in the
evaluation for AA. High accuracy has been reported for techniques using IV contrast as well as for those not
using IV contrast (with or without enteric contrast), but few direct comparisons suggest higher accuracy when IV
contrast is used [31]. A prospective study with 232 patients showed that non–contrast-enhanced CT (sensitivity,
90%; specificity, 86%) was inferior to rectal-only contrast (sensitivity, 93%; specificity, 95%) and IV and oral
contrast (sensitivity, 100%; specificity, 89%) [32]. In lieu of individual patient contraindications to IV contrast, its
use is recommended in evaluation of RLQ pain. However, if IV contrast is contraindicated, non–contrastenhanced CT has been shown in 1 study of 300 patients to have a sensitivity of 96%, specificity of 99%, and
accuracy of 97% [33] and in a meta-analysis of 7 studies with 1,060 patients to have a summary sensitivity of
92.7% (95% CI, 89.5%–95.0%) and specificity of 96.1% (95% CI, 94.2%–97.5%) [34].
The need for oral contrast when imaging suspected AA with CT, and particularly the need for rectal contrast, is
less clear. In 1 prospective study, the use of rectal contrast has been shown to decrease ED stay by greater than 1
hour compared to oral contrast, without a significant difference in patient satisfaction or discomfort [35]. There is
concern, however, that rectal contrast can be complicated by bowel perforation, with a cited number similar to
barium enema of 0.04% [31]. One recent study showed similar sensitivity and specificity for detection of AA on
64-row multidetector CT (MDCT) with or without oral contrast performed with IV contrast [36]. Another recent
study on 16-row MDCT showed no statistical difference either in sensitivity or specificity for detection of AA
with or without oral contrast performed with IV contrast, and ED disposition was faster in the IV contrast only
group [37]. In both of these studies, for the diagnosis of AA, sensitivity was 100%, and specificity was greater
than 97% in the IV contrast only groups [36,37]. Another recent prospective study randomized patients to ingest
or not ingest oral contrast; both groups then underwent IV unenhanced and enhanced standard dose MDCT with
each study also using a simulated LD technique. The study determined that diagnostic correctness was more
influenced by the reader than by the use of contrast medium or the LD technique [38]. With data from these and
other studies, and the increased examination time, problems with patient tolerance, and potential increased
radiation exposure from CT in patients with high-density enteric contrast, evidence is trending against the routine
use of oral contrast, and particularly against the routine use of rectal contrast, for CT when IV contrast is used.
CT appears superior to US in identifying complications and in evaluating patients with periappendiceal abscess,
especially when the abscesses become large [39]. CT results can be used to select therapeutic options other than
immediate surgery, including antibiotic treatment with small abscesses and percutaneous drainage with welldefined or small, poorly defined abscesses [40]. Imaging-guided percutaneous drainage combined with antibiotics
has been shown to be an effective initial treatment for AA complicated by perforation and abscess, followed by
subsequent elective appendectomy or, in selected cases, conservative management [41]. High technical and
clinical success rates have been shown with extraluminal appendicolith and large, poorly defined abscesses
associated with repeat drainage and clinical failure in a recent study [42].
CT and US are effective in depicting alternative diagnoses for RLQ pain. In a large single-center study evaluating
the diagnostic performance of MDCT for suspected AA, a cause of pain other than AA was established or
suggested in a larger number of cases than AA (896 versus 675 in 2,871 patients) [43]. The range of diseases
studied includes inflammatory bowel disease, infectious bowel disease, small-bowel obstruction, gynecological
conditions, genitourinary conditions, and epiploic appendage, omental, and mesenteric inflammation.
Magnetic Resonance Imaging
At this time, few studies evaluate the value of magnetic resonance imaging (MRI) in the general population for
AA. MRI is desirable due to its lack of ionizing radiation; however, its relative limitations include greater cost,
longer acquisition time, and lesser clinical availability. A meta-analysis of 8 studies (5 retrospective) evaluating
ACR Appropriateness Criteria®
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MRI for the diagnosis of AA in adults, mostly pregnant women, showed a summary sensitivity of 97% (95% CI,
92%–99%) and specificity of 95% (95% CI, 94%–99%) [44]. Since that meta-analysis a prospective study of 138
patients exhibited a sensitivity of 100% and specificity of 99% for MRI [45], but another prospective study with
only 52 patients exhibited a sensitivity of 85% and specificity of 97% [46]. It is anticipated that as MRI becomes
more clinically available in the ED setting, the value of MRI for RLQ pain will be further elucidated.
Pediatric Patients
As in adults, appendicitis scoring systems have been inadequate as a single method for appendicitis evaluation
and have been inferior to imaging [47]. Relatively, CT and US have been less well evaluated in children than in
adults, but there are increasing data on imaging use in the pediatric population. Several factors are unique in
children, including increased radiosensitivity to ionizing radiation, smaller body size, and less body fat, which
favors initial use of US. A systematic literature review in July 2004 revealed 8 prospective evaluations of US for
appendicitis in children [48]. The pooled sensitivity of graded-compression US was 91% (95% CI, 89%–93%),
and the specificity was 97% (95% CI, 95%–99%). A meta-analysis published in October 2006 included 26 studies
(15 prospective) of US and CT in the pediatric population. The pooled sensitivity of US was 88% (95% CI, 86%–
90%) and specificity of 94% (95% CI, 92%–95%) compared with CT, which exhibited a pooled sensitivity of
94% (95% CI, 92%–97%) and specificity of 95% (95% CI, 94%–97%) [49]. These results suggest that although
CT is more accurate, US is nearly as good in experienced hands and, given the lack of ionizing radiation, is the
preferred modality in children, particularly if equivocal results are followed up by CT [50-54]. Thus the approach
of CT after US appears to have excellent accuracy, with reported sensitivity and specificity of 94% in a small
study [55] and sensitivity of 98.6% and specificity of 90.6% in a larger study [56]. A single retrospective study
showed that in intermediate-to-high pretest probability children, US followed by CT is most cost-effective,
whereas in low pretest probability patients, US alone is the most effective and least costly strategy [57].
A recent retrospective study examining practices at 40 pediatric hospitals between 2005–2009 reported a trend
toward increasing use of US and decreasing use of CT, though in 2009 CT was still used more commonly in the
ED than US (29.2% versus 24.5%, respectively) [58]. Using these same data, it was also observed that imaging in
boys older than age 5 did not lower the NAR significantly, and therefore imaging in this group may be reserved
safely for those with concern for complications or changes in surgical management [3]. If CT is performed, IV
contrast is recommended; however, enteric contrast (oral or rectal contrast) has not been shown to increase
sensitivity significantly in children, and it has been suggested that routine enteric contrast use be phased out [59]
though there have not been larger, multisite trials related to this suggestion. Addition of multiplanar reformats,
particularly coronal images, has been shown in a small study to increase reader confidence in identifying the
appendix in its entirety and other periappendiceal findings and should be included in the CT protocol [60].
Recently, nonvisualization of the appendix on a normal CT has been shown to have a high negative predictive
value of 98.7% (95% CI, 95.5%–99.8%) [61].
Investigation of MRI as a viable option to evaluate for AA has increased as MRI has been used more often in
pediatric patients and has become more available in the ED setting of pediatric hospitals. One small prospective
study of 42 patients receiving MRI without sedation or exogenous contrast administration, as an adjunct to CT or
US, achieved 100% sensitivity in 12 cases of appendicitis [62]. In a larger prospective study of 208 pediatric
patients suspected of having AA who underwent MRI without sedation or exogenous contrast administration a
sensitivity of 97.6% (95% CI, 87.1%–99.9%) and specificity of 97% (95% CI, 93.2%–99%) was achieved with 40
cases of AA [63]. With lack of widespread experience and issues of cost, availability, and the potential need for
sedation, the use of MRI for suspected AA in pediatric patients is currently limited to specialized pediatric
hospitals.
Pregnant Patients
Evaluation of the accuracy of imaging in pregnant women has received more attention in the literature in recent
years. In general, ionizing radiation from CT should be avoided during pregnancy. US is clearly a safer imaging
option and is the first imaging test of choice [64], although CT after equivocal US has been validated for
diagnosis [65]. A systematic literature review through August 2008 addressed 8 retrospective studies of CT and
MRI after negative or inconclusive US in pregnant women [66]. The pooled sensitivity of CT after US was 86%
(95% CI, 64%–97%), and the specificity was 97% (95% CI, 86%–100%). MRI is the preferred test after
inconclusive US, as new studies have shown a comparable sensitivity and specificity with CT without exposing
the fetus to ionizing radiation [67-69]. The pooled sensitivity of MRI after US was 80% (95% CI, 44%–98%), and
the specificity was 99% (95% CI, 94%–100%) [66]. A more recent meta-analysis of 5 case series evaluating MRI
ACR Appropriateness Criteria®
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for AA in pregnancy yielded a sensitivity of 90.5%, specificity of 98.6%, PPV of 90.4%, and NPV of 99.5%, with
the appendix visualized in 92.1% of cases [70]. These data support an algorithm of US followed by MRI if the
initial US is inconclusive, which is frequently the case as shown in the largest case series where the detection of a
normal appendix in pregnant patients by US was 2%, but was 87% by MRI [71].
Abdominal and Pelvic Radiography
Radiography is of limited value for diagnosing AA except in occasional circumstances when an appendicolith or
other ancillary findings are identified. Although barium enema has been used historically to diagnose
appendicitis, its use depends on the negative finding of nonvisualization of the appendix and may be quite
uncomfortable in patients with AA. Nonetheless, barium small-bowel follow-through or barium enema may be
useful following cross-sectional imaging studies for other causes of RLQ pain, including suspected small-bowel
obstruction, infectious ileitis, and inflammatory bowel disease. (See the ACR Appropriateness Criteria® topic on
“Suspected Small Bowel Obstruction.”)
Nuclear Medicine
Nuclear medicine imaging has also been reported for evaluating RLQ pain [72]. However, the sensitivity and
specificity of nuclear scans for this indication have been shown to be significantly inferior to US, CT, and MRI
[73].
Summary
 Appendicitis may be diagnosed clinically; however, imaging increases sensitivity and specificity for
diagnosis.
 In general, CT is the most accurate imaging study for evaluating suspected appendicitis and alternative
etiologies of RLQ abdominal pain. Data favor the use of IV contrast for CT, but the need for enteric contrast
when IV contrast is used is not favored.
 Dose-reduction strategies in CT must be employed following the As Low As Reasonably Achievable
principle. Minimizing radiation dose in CT while maintaining diagnostic accuracy is an area of active
investigation.
 In children, US is the preferred initial examination as it is nearly as accurate as CT for diagnosis of
appendicitis but is without ionizing radiation exposure.
 In pregnant women, data support the use of MRI after equivocal or inconclusive US.
Safety Considerations in Pregnant Patients
Imaging of the pregnant patient can be challenging, particularly with respect to minimizing radiation exposure
and risk. For further information and guidance, see the following ACR documents:
 ACR Practice Guideline for Imaging Pregnant or Potentially Pregnant Adolescents and Women with Ionizing
Radiation
 ACR-ACOG-AIUM Practice Guideline for the Performance of Obstetrical Ultrasound
 ACR Manual on Contrast Media
 ACR Guidance Document for Safe MR Practices
Relative Radiation Level Information
Potential adverse health effects associated with radiation exposure are an important factor to consider when
selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures associated with
different diagnostic procedures, a relative radiation level (RRL) indication has been included for each imaging
examination. The RRLs are based on effective dose, which is a radiation dose quantity that is used to estimate
population total radiation risk associated with an imaging procedure. Patients in the pediatric age group are at
inherently higher risk from exposure, both because of organ sensitivity and longer life expectancy (relevant to the
long latency that appears to accompany radiation exposure). For these reasons, the RRL dose estimate ranges for
pediatric examinations are lower as compared to those specified for adults (see Table below). Additional
information regarding radiation dose assessment for imaging examinations can be found in the ACR
Appropriateness Criteria® Radiation Dose Assessment Introduction document.
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Relative Radiation Level Designations
Relative Radiation Level*

Adult Effective Dose Estimate
Range

Pediatric Effective Dose Estimate
Range

O

0 mSv

0 mSv

☢

<0.1 mSv

<0.03 mSv

☢☢

0.1-1 mSv

0.03-0.3 mSv

☢☢☢

1-10 mSv

0.3-3 mSv

☢☢☢☢

10-30 mSv

3-10 mSv

☢☢☢☢☢

30-100 mSv

10-30 mSv

*RRL assignments for some of the examinations cannot be made, because the actual patient doses in these procedures vary
as a function of a number of factors (eg, region of the body exposed to ionizing radiation, the imaging guidance that is
used). The RRLs for these examinations are designated as “Varies”.

Supporting Documents
For additional information on the Appropriateness Criteria methodology and other supporting documents go to
www.acr.org/ac.

References
1. Addiss DG, Shaffer N, Fowler BS, Tauxe RV. The epidemiology of appendicitis and appendectomy in the
United States. Am J Epidemiol. 1990;132(5):910-925.
2. Wagner JM, McKinney WP, Carpenter JL. Does this patient have appendicitis? jama. 1996;276(19):15891594.
3. Bachur RG, Hennelly K, Callahan MJ, Chen C, Monuteaux MC. Diagnostic imaging and negative
appendectomy rates in children: effects of age and gender. Pediatrics. 2012;129(5):877-884.
4. Sun JS, Noh HW, Min YG, et al. Receiver operating characteristic analysis of the diagnostic performance of a
computed tomographic examination and the Alvarado score for diagnosing acute appendicitis: emphasis on
age and sex of the patients. J Comput Assist Tomogr. 2008;32(3):386-391.
5. Applegate KE, Sivit CJ, Salvator AE, et al. Effect of cross-sectional imaging on negative appendectomy and
perforation rates in children. Radiology. 2001;220(1):103-107.
6. Bendeck SE, Nino-Murcia M, Berry GJ, Jeffrey RB, Jr. Imaging for suspected appendicitis: negative
appendectomy and perforation rates. Radiology. 2002;225(1):131-136.
7. Chooi WK, Brown JA, Zetler P, Wiseman S, Cooperberg P. Imaging of acute appendicitis and its impact on
negative appendectomy and perforation rates: the St. Paul's experience. Can Assoc Radiol J. 2007;58(4):220224.
8. Cuschieri J, Florence M, Flum DR, et al. Negative appendectomy and imaging accuracy in the Washington
State Surgical Care and Outcomes Assessment Program. Ann Surg. 2008;248(4):557-563.
9. Kim K, Lee CC, Song KJ, Kim W, Suh G, Singer AJ. The impact of helical computed tomography on the
negative appendectomy rate: a multi-center comparison. J Emerg Med. 2008;34(1):3-6.
10. Lee CC, Golub R, Singer AJ, Cantu R, Jr., Levinson H. Routine versus selective abdominal computed
tomography scan in the evaluation of right lower quadrant pain: a randomized controlled trial. Acad Emerg
Med. 2007;14(2):117-122.
11. Partrick DA, Janik JE, Janik JS, Bensard DD, Karrer FM. Increased CT scan utilization does not improve the
diagnostic accuracy of appendicitis in children. J Pediatr Surg. 2003;38(5):659-662.
12. Raja AS, Wright C, Sodickson AD, et al. Negative appendectomy rate in the era of CT: an 18-year
perspective. Radiology. 2010;256(2):460-465.
13. Rao PM, Rhea JT, Novelline RA, Mostafavi AA, McCabe CJ. Effect of computed tomography of the
appendix on treatment of patients and use of hospital resources. N Engl J Med. 1998;338(3):141-146.
14. Rao PM, Rhea JT, Rattner DW, Venus LG, Novelline RA. Introduction of appendiceal CT: impact on
negative appendectomy and appendiceal perforation rates. Ann Surg. 1999;229(3):344-349.

ACR Appropriateness Criteria®

7

Right Lower Quadrant Pain — Suspected Appendicitis

15. Hershko DD, Sroka G, Bahouth H, Ghersin E, Mahajna A, Krausz MM. The role of selective computed
tomography in the diagnosis and management of suspected acute appendicitis. Am Surg. 2002;68(11):10031007.
16. Raman SS, Lu DS, Kadell BM, Vodopich DJ, Sayre J, Cryer H. Accuracy of nonfocused helical CT for the
diagnosis of acute appendicitis: a 5-year review. AJR Am J Roentgenol. 2002;178(6):1319-1325.
17. van Randen A, Bipat S, Zwinderman AH, Ubbink DT, Stoker J, Boermeester MA. Acute appendicitis: metaanalysis of diagnostic performance of CT and graded compression US related to prevalence of disease.
Radiology. 2008;249(1):97-106.
18. Chen SC, Chen KM, Wang SM, Chang KJ. Abdominal sonography screening of clinically diagnosed or
suspected appendicitis before surgery. World J Surg. 1998;22(5):449-452.
19. Morse BC, Roettger RH, Kalbaugh CA, Blackhurst DW, Hines WB, Jr. Abdominal CT scanning in
reproductive-age women with right lower quadrant abdominal pain: does its use reduce negative
appendectomy rates and healthcare costs? Am Surg. 2007;73(6):580-584; discussion 584.
20. Krajewski S, Brown J, Phang PT, Raval M, Brown CJ. Impact of computed tomography of the abdomen on
clinical outcomes in patients with acute right lower quadrant pain: a meta-analysis. Can J Surg.
2011;54(1):43-53.
21. Coursey CA, Nelson RC, Patel MB, et al. Making the diagnosis of acute appendicitis: do more preoperative
CT scans mean fewer negative appendectomies? A 10-year study. Radiology. 2010;254(2):460-468.
22. Rybkin AV, Thoeni RF. Current concepts in imaging of appendicitis. Radiol Clin North Am. 2007;45(3):411422, vii.
23. Pooler BD, Lawrence EM, Pickhardt PJ. MDCT for suspected appendicitis in the elderly: diagnostic
performance and patient outcome. Emerg Radiol. 2012;19(1):27-33.
24. Toorenvliet BR, Wiersma F, Bakker RF, Merkus JW, Breslau PJ, Hamming JF. Routine ultrasound and
limited computed tomography for the diagnosis of acute appendicitis. World J Surg. 2010;34(10):2278-2285.
25. Poortman P, Oostvogel HJ, Bosma E, et al. Improving diagnosis of acute appendicitis: results of a diagnostic
pathway with standard use of ultrasonography followed by selective use of CT. J Am Coll Surg.
2009;208(3):434-441.
26. Poletti PA, Platon A, De Perrot T, et al. Acute appendicitis: prospective evaluation of a diagnostic algorithm
integrating ultrasound and low-dose CT to reduce the need of standard CT. Eur Radiol. 2011;21(12):25582566.
27. Kim K, Kim YH, Kim SY, et al. Low-dose abdominal CT for evaluating suspected appendicitis. N Engl J
Med. 2012;366(17):1596-1605.
28. Johnson PT, Horton KM, Kawamoto S, et al. MDCT for suspected appendicitis: effect of reconstruction
section thickness on diagnostic accuracy, rate of appendiceal visualization, and reader confidence using axial
images. AJR Am J Roentgenol. 2009;192(4):893-901.
29. Kim HC, Yang DM, Jin W, Park SJ. Added diagnostic value of multiplanar reformation of multidetector CT
data in patients with suspected appendicitis. Radiographics. 2008;28(2):393-405; discussion 405-396.
30. Neville AM, Paulson EK. MDCT of acute appendicitis: value of coronal reformations. Abdom Imaging.
2009;34(1):42-48.
31. Dearing DD, Recabaren JA, Alexander M. Can computed tomography scan be performed effectively in the
diagnosis of acute appendicitis without the added morbidity of rectal contrast? Am Surg. 2008;74(10):917920.
32. Hershko DD, Awad N, Fischer D, et al. Focused helical CT using rectal contrast material only as the preferred
technique for the diagnosis of suspected acute appendicitis: a prospective, randomized, controlled study
comparing three different techniques. Dis Colon Rectum. 2007;50(8):1223-1229.
33. Lane MJ, Liu DM, Huynh MD, Jeffrey RB, Jr., Mindelzun RE, Katz DS. Suspected acute appendicitis:
nonenhanced helical CT in 300 consecutive patients. Radiology. 1999;213(2):341-346.
34. Hlibczuk V, Dattaro JA, Jin Z, Falzon L, Brown MD. Diagnostic accuracy of noncontrast computed
tomography for appendicitis in adults: a systematic review. Ann Emerg Med. 2010;55(1):51-59 e51.
35. Berg ER, Mehta SD, Mitchell P, Soto J, Oyama L, Ulrich A. Length of stay by route of contrast
administration for diagnosis of appendicitis by computed-tomography scan. Acad Emerg Med.
2006;13(10):1040-1045.
36. Anderson SW, Soto JA, Lucey BC, et al. Abdominal 64-MDCT for suspected appendicitis: the use of oral and
IV contrast material versus IV contrast material only. AJR Am J Roentgenol. 2009;193(5):1282-1288.
ACR Appropriateness Criteria®

8

Right Lower Quadrant Pain — Suspected Appendicitis

37. Kepner AM, Bacasnot JV, Stahlman BA. Intravenous contrast alone vs intravenous and oral contrast
computed tomography for the diagnosis of appendicitis in adult ED patients. Am J Emerg Med.
2012;30(9):1765-1773.
38. Keyzer C, Cullus P, Tack D, De Maertelaer V, Bohy P, Gevenois PA. MDCT for suspected acute appendicitis
in adults: impact of oral and IV contrast media at standard-dose and simulated low-dose techniques. AJR Am J
Roentgenol. 2009;193(5):1272-1281.
39. Jeffrey RB, Jr., Tolentino CS, Federle MP, Laing FC. Percutaneous drainage of periappendiceal abscesses:
review of 20 patients. AJR Am J Roentgenol. 1987;149(1):59-62.
40. Nunez D, Jr., Yrizarry JM, Casillas VJ, Becerra J, Russell E. Percutaneous management of appendiceal
abscesses. Semin Ultrasound CT MR. 1989;10(4):348-351.
41. Lasson A, Lundagards J, Loren I, Nilsson PE. Appendiceal abscesses: primary percutaneous drainage and
selective interval appendicectomy. Eur J Surg. 2002;168(5):264-269.
42. Marin D, Ho LM, Barnhart H, Neville AM, White RR, Paulson EK. Percutaneous abscess drainage in patients
with perforated acute appendicitis: effectiveness, safety, and prediction of outcome. AJR Am J Roentgenol.
2010;194(2):422-429.
43. Pickhardt PJ, Lawrence EM, Pooler BD, Bruce RJ. Diagnostic performance of multidetector computed
tomography for suspected acute appendicitis. Ann Intern Med. 2011;154(12):789-796, W-291.
44. Barger RL, Jr., Nandalur KR. Diagnostic performance of magnetic resonance imaging in the detection of
appendicitis in adults: a meta-analysis. Acad Radiol. 2010;17(10):1211-1216.
45. Cobben L, Groot I, Kingma L, Coerkamp E, Puylaert J, Blickman J. A simple MRI protocol in patients with
clinically suspected appendicitis: results in 138 patients and effect on outcome of appendectomy. Eur Radiol.
2009;19(5):1175-1183.
46. Heverhagen JT, Pfestroff K, Heverhagen AE, Klose KJ, Kessler K, Sitter H. Diagnostic accuracy of magnetic
resonance imaging: a prospective evaluation of patients with suspected appendicitis (diamond). J Magn Reson
Imaging. 2012;35(3):617-623.
47. Mandeville K, Pottker T, Bulloch B, Liu J. Using appendicitis scores in the pediatric ED. Am J Emerg Med.
2011;29(9):972-977.
48. Terasawa T, Blackmore CC, Bent S, Kohlwes RJ. Systematic review: computed tomography and
ultrasonography to detect acute appendicitis in adults and adolescents. Ann Intern Med. 2004;141(7):537-546.
49. Doria AS, Moineddin R, Kellenberger CJ, et al. US or CT for Diagnosis of Appendicitis in Children and
Adults? A Meta-Analysis. Radiology. 2006;241(1):83-94.
50. Baldisserotto M, Marchiori E. Accuracy of noncompressive sonography of children with appendicitis
according to the potential positions of the appendix. AJR Am J Roentgenol. 2000;175(5):1387-1392.
51. Hahn HB, Hoepner FU, Kalle T, et al. Sonography of acute appendicitis in children: 7 years experience.
Pediatr Radiol. 1998;28(3):147-151.
52. Lessin MS, Chan M, Catallozzi M, et al. Selective use of ultrasonography for acute appendicitis in children.
Am J Surg. 1999;177(3):193-196.
53. Lowe LH, Draud KS, Hernanz-Schulman M, et al. Nonenhanced limited CT in children suspected of having
appendicitis: prospective comparison of attending and resident interpretations. Radiology. 2001;221(3):755759.
54. Schulte B, Beyer D, Kaiser C, Horsch S, Wiater A. Ultrasonography in suspected acute appendicitis in
childhood-report of 1285 cases. Eur J Ultrasound. 1998;8(3):177-182.
55. Garcia Pena BM, Mandl KD, Kraus SJ, et al. Ultrasonography and limited computed tomography in the
diagnosis and management of appendicitis in children. jama. 1999;282(11):1041-1046.
56. Krishnamoorthi R, Ramarajan N, Wang NE, et al. Effectiveness of a staged US and CT protocol for the
diagnosis of pediatric appendicitis: reducing radiation exposure in the age of ALARA. Radiology.
2011;259(1):231-239.
57. Wan MJ, Krahn M, Ungar WJ, et al. Acute appendicitis in young children: cost-effectiveness of US versus
CT in diagnosis--a Markov decision analytic model. Radiology. 2009;250(2):378-386.
58. Bachur RG, Hennelly K, Callahan MJ, Monuteaux MC. Advanced radiologic imaging for pediatric
appendicitis, 2005-2009: trends and outcomes. J Pediatr. 2012;160(6):1034-1038.
59. Kharbanda AB, Taylor GA, Bachur RG. Suspected appendicitis in children: rectal and intravenous contrastenhanced versus intravenous contrast-enhanced CT. Radiology. 2007;243(2):520-526.
60. Kim YJ, Kim JE, Kim HS, Hwang HY. MDCT with coronal reconstruction: clinical benefit in evaluation of
suspected acute appendicitis in pediatric patients. AJR Am J Roentgenol. 2009;192(1):150-152.
ACR Appropriateness Criteria®

9

Right Lower Quadrant Pain — Suspected Appendicitis

61. Garcia K, Hernanz-Schulman M, Bennett DL, Morrow SE, Yu C, Kan JH. Suspected appendicitis in children:
diagnostic importance of normal abdominopelvic CT findings with nonvisualized appendix. Radiology.
2009;250(2):531-537.
62. Johnson AK, Filippi CG, Andrews T, et al. Ultrafast 3-T MRI in the evaluation of children with acute lower
abdominal pain for the detection of appendicitis. AJR Am J Roentgenol. 2012;198(6):1424-1430.
63. Moore MM, Gustas CN, Choudhary AK, et al. MRI for clinically suspected pediatric appendicitis: an
implemented program. Pediatr Radiol. 2012;42(9):1056-1063.
64. Lim HK, Bae SH, Seo GS. Diagnosis of acute appendicitis in pregnant women: value of sonography. AJR Am
J Roentgenol. 1992;159(3):539-542.
65. Lazarus E, Mayo-Smith WW, Mainiero MB, Spencer PK. CT in the evaluation of nontraumatic abdominal
pain in pregnant women. Radiology. 2007;244(3):784-790.
66. Basaran A, Basaran M. Diagnosis of acute appendicitis during pregnancy: a systematic review. Obstet
Gynecol Surv. 2009;64(7):481-488; quiz 499.
67. Israel GM, Malguria N, McCarthy S, Copel J, Weinreb J. MRI vs. ultrasound for suspected appendicitis
during pregnancy. J Magn Reson Imaging. 2008;28(2):428-433.
68. Oto A, Ernst RD, Ghulmiyyah LM, et al. MR imaging in the triage of pregnant patients with acute abdominal
and pelvic pain. Abdom Imaging. 2009;34(2):243-250.
69. Pedrosa I, Levine D, Eyvazzadeh AD, Siewert B, Ngo L, Rofsky NM. MR imaging evaluation of acute
appendicitis in pregnancy. Radiology. 2006;238(3):891-899.
70. Blumenfeld YJ, Wong AE, Jafari A, Barth RA, El-Sayed YY. MR imaging in cases of antenatal suspected
appendicitis--a meta-analysis. J Matern Fetal Neonatal Med. 2011;24(3):485-488.
71. Pedrosa I, Lafornara M, Pandharipande PV, Goldsmith JD, Rofsky NM. Pregnant patients suspected of
having acute appendicitis: effect of MR imaging on negative laparotomy rate and appendiceal perforation
rate. Radiology. 2009;250(3):749-757.
72. Foley CR, Latimer RG, Rimkus DS. Detection of acute appendicitis by technetium 99 HMPAO scanning. Am
Surg. 1992;58(12):761-765.
73. Stewart D, Grewal N, Choi R, Waxman K. The use of tagged white blood cell scans to diagnose appendicitis
in pregnant patients. Am Surg. 2006;72(10):894-896.
The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for
diagnosis and treatment of specified medical condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring physicians
in making decisions regarding radiologic imaging and treatment. Generally, the complexity and severity of a patient’s clinical condition should dictate the
selection of appropriate imaging procedures or treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked.
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of this condition are not considered in this
document. The availability of equipment or personnel may influence the selection of appropriate imaging procedures or treatments. Imaging techniques
classified as investigational by the FDA have not been considered in developing these criteria; however, study of new equipment and applications should
be encouraged. The ultimate decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring
physician and radiologist in light of all the circumstances presented in an individual examination.
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