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Study objective: We investigate the accuracy of pediatric emergency physician sonography for acute appendicitis
in children.
Methods: We prospectively enrolled children requiring surgical or radiology consultation for suspected acute
appendicitis at an urban pediatric emergency department. Pediatric emergency physicians performed focused right
lower-quadrant sonography after didactics and hands-on training with a structured scanning algorithm, including the
graded-compression technique. We compared their sonographic interpretations with clinical and radiologic ﬁndings, as
well as clinical outcomes as deﬁned by follow-up or pathologic ﬁndings.
Results: Thirteen pediatric emergency medicine sonographers performed 264 ultrasonographic studies, including 85
(32%) in children with pathology-veriﬁed appendicitis. Bedside sonography had a sensitivity of 85% (95% conﬁdence
interval [CI] 75% to 95%), speciﬁcity of 93% (95% CI 85% to 100%), positive likelihood ratio of 11.7 (95% CI 6.9 to 20),
and negative likelihood ratio of 0.17 (95% CI 0.1 to 0.28).
Conclusion: With focused ultrasonographic training, pediatric emergency physicians can diagnose acute appendicitis
with substantial accuracy. [Ann Emerg Med. 2014;64:358-364.]
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INTRODUCTION
Although the classic appendicitis presentation of migratory
right lower quadrant pain associated with nausea and vomiting and
progressing to rebound tenderness is well described, the real-time
clinical diagnosis is often elusive.1-3 Computed tomography (CT)
and ultrasonography are increasingly part of the evaluation,4-6 with
the former raising concerns about radiation exposure.7
Accordingly, ultrasonography is advocated as the ﬁrst-line imaging
strategy for children by the American College of Radiology.8,9
Sonography of the acute abdomen is supported by the 2008
American College of Emergency Physicians ultrasonographic
policy statement,10 as well as pediatric emergency medicine
fellow training guidelines for ultrasonography.11 Recent studies
have shown promising results for pediatric emergency medicine
sonography of intussusception and pyloric stenosis.12,13
Conﬂicting results have been observed with appendicitis.14,15
The ability to accurately and quickly identify surgical pathologies
is a critical need for pediatric emergency physicians, who may not
have access to formal radiology ultrasonographic services around
the clock. Rapid identiﬁcation of acute appendicitis would also
likely improve patient throughput, avoid unnecessary reliance on
CTs, and minimize treatment delays.
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Importance
Pediatric emergency medicine sonography, if accurate,
could likely minimize treatment delays and avoid unnecessary
reliance on CT scanning.
Goals of This Investigation
We wished to determine the accuracy of pediatric emergency
medicine sonography for acute appendicitis compared with the
reference standards of surgical pathology or clinical outcome.
Our secondary goal was to compare pediatric emergency
medicine ultrasonography to radiology ultrasonography, pretest
clinical suspicion, and sonographer conﬁdence.

MATERIALS AND METHODS
Study Design, Setting, and Selection of Participants
This was a prospective observational study conducted between
August 2009 and May 2012 at an academic urban teaching
hospital with an annual pediatric volume of 30,000 patients. The
hospital’s institutional review board approved the study, and
informed consent was obtained from parents, with assent from
minors older than 7 years.
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Editor’s Capsule Summary

What is already known on this topic
Ultrasonography is the recommended ﬁrst-line
imaging modality for children with suspected
appendicitis.
What question this study addressed
Can emergency physicians learn to perform bedside
ultrasonography for suspected appendicitis?
What this study adds to our knowledge
After focused training, 13 sonographers studied 264
children with suspected appendicitis, of whom 32%
ultimately had the disease. Physician sensitivity and
speciﬁcity were high: 85% and 93%, respectively.
How this is relevant to clinical practice
Emergency physicians can learn to accurately use
ultrasonography to evaluate children with suspected
appendicitis.

We enrolled children presenting or transferred to our emergency
department (ED) with a clinical suspicion for acute appendicitis
at any time of day when a study sonographer was available. Our
treating physicians do not use clinical scoring algorithms for
appendicitis. If study imaging would have caused a delay, it was
performed immediately after completion of the radiology study,
with the study sonographer blinded to the radiologic ﬁndings.
We excluded children with previous abdominal surgery, a need
for critical care, or those transferred from another facility with
deﬁnitive imaging for acute appendicitis. We excluded from our
ﬁnal analysis examinations with incomplete data. To identify all
eligible children who were not enrolled, we cross-checked
radiology logs for abdominal CT and appendiceal
ultrasonographic results and searched ED electronic medical
records for the term “appendicitis.”
Our study sonographers were a pediatric emergency medicine
faculty physician and 12 pediatric emergency medicine fellows,
the latter with no previous experience with bowel sonography.
The faculty sonographer, although not fellowship trained in
ultrasonography or a Registered Diagnostic Medical
Sonographer, had 4 years’ and greater than 1,000 scans’ worth of
bedside ultrasonographic experience, including 50 appendicitis
ultrasonographic evaluations.
The faculty physician gave a 45-minute lecture to the fellows
and then supervised each of them in 5 practice examinations with
a Sonosite (Bothell, WA) M-Turbo, using a 10-8 MHz linear or
a 5-3 MHz curvilinear probe. The scanning protocol (Figure 1A;
Video E1, available online at http://www.annemergmed.com)
recognized that the appendix may be found in a variety of
locations.16 Starting in the transverse plane at the level of the
Volume 64, no. 4 : October 2014

Figure 1. Ultrasonographic scanning protocol. A, With the
probe initially in the transverse position at the level of the
umbilicus and using compression, (1) move laterally to identify
the lateral border of the ascending colon. (2) Move down the
lateral border to the end of the cecum. (3) Move medially
across the psoas and iliac vessels. (4, 5) Move down and up
the border of the cecum. (6) With the probe in a sagittal
position, identify the end of the cecum in the long axis and
move medially across the psoas. B, Inﬂamed, dilated appendix
(calipers A) with surrounding periappendiceal inﬂammation (*).
C, Normal appendix (calipers A) overlying the Ia and Iv. Ia, Iliac
artery; Iv, iliac vein.

umbilicus and with the graded compression technique,17 the
probe was moved laterally, identifying the ascending colon and
lateral abdominal wall. The colon was traced proximally into the
iliac fossa. The transducer was then moved across the psoas
muscle to the psoas’s medial border, identifying the immediately
adjacent iliac artery and vein. With the psoas and iliac vessels
kept in view, the transducer traced down into the pelvis and then
back toward the umbilicus. If the appendix had not yet been
identiﬁed, the transducer was rotated into the sagittal plane and
placed over the lateral portion of the cecal fossa, ideally over the
cecum. Then, the transducer was swept medially, compressing
the cecum against the psoas muscle. In the case of well-localized
pain, the sonographer could also start at the point of maximal
tenderness as directed by the patient.
Methods of Measurement
The sonographer recorded appendiceal visualization or
nonvisualization, compressibility, maximum diameter, and
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evidence of periappendiceal inﬂammation. A tubular,
noncompressible, aperistaltic structure in the right lower
quadrant, greater than 6 mm in diameter, was considered
diagnostic18,19; however, the examiner’s assessment could also
include secondary ﬁndings (eg, the presence of an appendicolith,
free ﬂuid, periappendiceal inﬂammation).20 Visualization of an
appendix less than 6 mm in diameter or nonvisualization without
secondary signs of inﬂammation was considered a normal study
result.21,22 A sonographic McBurney’s sign was considered
present with pain on compression of a visualized appendix.
Sonographers graded their conﬁdence in their ﬁndings with a
100-mm visual analog scale (VAS), with 0 being no conﬁdence
and 100 total conﬁdence.
Treating physicians recorded presenting signs and symptoms,
illness duration, and the clinical likelihood of appendicitis by
VAS (0 not present, 100 certainly present) on a standardized data
collection sheet. We blinded treating physicians to sonographic
ﬁndings. When the study sonographer was also the treating
physician, management and imaging decisions were made before
study sonography, with continuing management based on
surgical and radiologic consultant recommendations.
We made follow-up telephone calls no sooner than 1 week
and up to 6 months after the ED visit for children who did not
have pathologic specimens for review. If follow-up was
unavailable by telephone, the electronic medical records were
checked up to 1 year after the initial ED visit for any further visits
to the medical center, including ED visits or operative reports.
To assess agreement, each sonographic examination was later
reviewed by the lead pediatric emergency medicine sonologist
(A.B.S.) and a pediatric radiologist blinded to the clinical ﬁndings
and original impression. Images were blinded by digitally
cropping and removing time and date identiﬁers.
Primary Data Analysis
The data were entered into Excel (Microsoft, Redmond, WA)
and analyzed with SAS (version 9.3; SAS Institute, Inc., Cary, NC).
Our primary unit of analysis is the sonographic study, although we
report patient- and visit-related data at the patient level. To address
clustering by sonographer, we assessed the intraclass lack of
independence, using a mixed general linear model. The randomeffects portion of the result yielded a variance-covariance matrix that
was used to measure the covariate contribution to the intraclass
variance. We calculated test characteristics and their 95% conﬁdence
intervals (CIs) while controlling for clustering. We used k to report
intraobserver agreement.
Given a historical incidence of appendicitis of 30%, a sensitivity
of 95%, a speciﬁcity of 90%, and a desired absolute CI width of
0.05, we determined to enroll a sample size of 243 studies.23

RESULTS
Characteristics of Study Subjects
Of the 254 enrolled subjects (Figure 2), we had reference
standard pathologic ﬁndings or follow-up available for 231
(91%). These children had a median age of 10.2 years (range 2 to
360 Annals of Emergency Medicine
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Figure 2. Study ﬂow chart.

20.9 years), and 53% were male children. Demographics and
clinical ﬁndings were generally similar between the analyzed and
missed groups (Table 1).
Twenty-three patients were lost to follow-up, ie, we could not
reach them by telephone and they had no return visits to our hospital.
Seventy-six children had pathology ﬁndings positive for acute
appendicitis (prevalence 33%). There were 4 negative
appendectomy results (all with negative pediatric emergency
medicine sonography results) and no cases of missed appendicitis.
We contrast ﬁndings for patients with and without appendicitis
(Table 2).
Main Results
Thirteen pediatric emergency medicine sonographers
performed 287 sonographic examinations, with reference
standard pathologic ﬁndings or follow-up available in 264 for
ﬁnal analysis. Sonographers performed a median of 19 scans
(interquartile range (IQR) 7 to 47) per sonographer. Study
ultrasonographic examinations were completed in a median of
104 minutes (range –235 to 857 minutes) before the ﬁnal
radiology imaging, with only 2 patients taken to the operating
room without some form of formal radiology imaging.
Compared with our reference standard, the sensitivity of
pediatric emergency medicine ultrasonography was 85% (95%
CI, 75% to 95%), speciﬁcity 93% (95% CI, 85% to 100%),
positive likelihood ratio (LRþ) 11.7 (95% CI, 6.9 to 20), and
negative likelihood ratio (LR–) 0.16 (95% CI, 0.1 to 0.27).
Contrast by sonographer is shown in Figures 3 and Figure E1.
The most experienced sonographer performed 113 studies, with
a sensitivity of 89% (95% CI, 83% to 95%), speciﬁcity of
99% (95% CI, 97% to 100%), LRþ 68 (9.8 to 481), and
LR– 0.11 (0.07 to 0.17). When excluding the most experienced
sonographer, the remainder of our physicians performed 151
Volume 64, no. 4 : October 2014
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Table 1. Patient demographics and clinical characteristics in the enrolled and missed for enrollment populations.
Characteristics

Enrolled (N[231)

Missed (N[150)

Age, median (IQR), y
Sex, male, % (95% CI)
Symptom duration, median (IQR), h
Fever, % (95% CI)
Nausea, % (95% CI)
Vomiting, % (95% CI)
Rebound, % (95% CI)
RLQ tenderness, % (95% CI)
Migratory pain, % (95% CI)
Cough/hop pain, % (95% CI)
Anorexia, % (95% CI)
WBC cells, median (IQR), 103/mL
Appendicitis, % (95% CI)

10.3
60
24
27
67
63
35
94
38
43
57
10.9
33

9.8
49
24
38
42
59
12
86
25
19
27
10.4
27

(7.8 to 16.1)
(53 to 66)
(12 to 48)
(22 to 33)
(60 to 72)
(57 to 69)
(29 to 41)
(90 to 96)
(32 to 45)
(38 to 50)
(50 to 64)
(7.1 to 14.9)
(28 to 39)

Difference (95% CI)

(7.8 to 14.6)
(41 to 57)
(12 to 72)
(31 to 46)
(35 to 51)
(51 to 67)
(8 to 18)
(80 to 91)
(19 to 33)
(13 to 25)
(21 to 35)
(7.5 to 14.1)
(20 to 34)

0.5
11
–0.2
–11
25
4
23
8
13
24
30
0.5
5

(–0.6 to 1.2)
(–3 to 25)
(–6 to 0)
(–27 to 6)
(11 to 39)
(–8 to 17)
(4.3 to 41)
(1.2 to 14)
(–2 to 30)
(7 to 42)
(15 to 47)
(–0.7 to 1.7)
(–11 to 23)

IQR, Interquartile range; RLQ, right lower quadrant; WBC, white blood cells.

studies, with a sensitivity of 82% (95% CI, 69% to 94%),
speciﬁcity 88% (95% CI, 79% to 97%), LRþ 6.9 (95% CI, 4 to
12), and LR– 0.21 (95% CI, 0.12 to 0.38). The within-class
correlation coefﬁcient was 0 (95% CI –0.1 to 0.12).
Sonographers’ median VAS conﬁdence in their ﬁndings was 85%
(IQR 67 to 95), with test characteristics stratiﬁed by VAS
conﬁdence quartile in Table E1, available online at http://www.
annemergmed.com.
The study sonographer indicated visualizing the appendix in
189 studies (71%, 95% CI, 65% to 77%). In these cases, the
sensitivity was 95% (95% CI, 86% to 100%), speciﬁcity 88%
(95% CI, 80% to 97%), LRþ 8.2 (95% CI, 4.9 to 13.8), and
LR– 0.06 (95% CI, 0.02 to 0.15).

Of the 75 studies with a nonvisualized appendix, 8 were
ultimately positive for appendicitis. Six of these 8 also had
radiology sonography, with visualization achieved in only one.
In the 56 studies in nonappendicitis patients with concurrent
radiology ultrasonography, the radiology examination identiﬁed
an appendix in 11, with 2 incorrectly classiﬁed as positive
studies.
Test characteristics were similar when stratiﬁed by experience
(Table E2, available online at http://www.annemergmed.com).
Of the 4 false-negative studies in our sample performed after a
sonographer’s 25th study, the ﬁrst was challenged by the patient’s
body habitus, the second was discontinued after 30 seconds
because of discomfort, and the remaining 2 had visualized

Table 2. Demographic, clinical, and sonographic characteristics for patients with and without appendicitis.
Characteristics
Age, median (IQR), y
Sex, male (95% CI), %
Symptom duration, median (IQR), h
Fever (95% CI), %
Nausea (95% CI), %
Vomiting (95% CI), %
Rebound (95% CI), %
RLQ tenderness (95% CI), %
Migratory pain (95% CI), %
Cough/hop pain (95% CI), %
Anorexia (95% CI), %
WBC cells, median (IQR), 103/mL
WBC left shift (95% CI), %
WBC >10,000 cells/mL (95% CI), %
ANC, median (IQR)
ANC <6,750 (95% CI), %
Urine ketones (95% CI), %
Clinical VAS, median (IQR)
Sonographic ﬁndings
Sonographic McBurney’s sign (95% CI), %
Periappendiceal inﬂammation (95% CI), %
Free ﬂuid (95% CI), %
Compressibility (95% CI), %

Appendicitis (N[76)
10.8 (7.8 to 15.5)
69 (59 to 79)
24 (12 to 39)
26 (18 to 37)
74 (63 to 82)
74 (63 to 82)
62 (51 to 72)
96 (89 to 99)
50 (39 to 61)
65 (53 to 74)
74 (63 to 82)
14.2 (11.8 to 18.4)
84 (74 to 91)
86 (76 to 92)
11,300 (9,750 to 16,065)
9 (5 to 18)
37 (27 to 48)
80 (67 to 93)
Appendicitis (N¼85)
85 (76 to 91)
73 (63 to 81)
32 (23 to 42)
2 (0.6 to 8)

No Appendicitis (N[155)
10.8 (7.8 to 16)
54 (46 to 62)
24 (12 to 72)
28 (21 to 35)
63 (55 to 70)
58 (50 to 65)
21 (16 to 29)
92 (86 to 95)
32 (25 to 40)
34 (27 to 41)
49 (41 to 56)
8.4 (6.4 to 12.2)
45 (37 to 52)
36 (29 to 44)
5,900 (3,600 to 9,800)
57 (50 to 65)
25 (18 to 32)
41 (24.5 to 64)
No appendicitis (N¼179)
30 (23 to 37)
8 (5 to 13)
7 (4 to 11)
12 (8–17)

Difference (95% CI)
0
15
0
–2
11
16
41
4
18
31
25
5.8
40
50
5,400
48
12
39
55
65
25
10

(–1.4 to 1.5)
(–1.3 to 33)
(–10 to 0)
(–0.25 to 0.22)
(–4.3 to 25)
(–0.1 to 30)
(21 to 61)
(–2 to 10)
(–3 to 38)
(13 to 50)
(8.8 to 41)
(4.2 to 6.8)
(25 to 55)
(35 to 65)
(4,332 to 6,850)
(24 to 72)
(–10 to 35)
(26 to 41)
(37 to 72)
(48 to 84)
(2.2 to 48)
(–13 to 34)

ANC, Absolute neutrophil count.
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Figure 3. Diagnostic results for each pediatric emergency
medicine sonographic study compared with the reference
standard of surgical pathology or clinical follow-up. Each block
represents a sonographic study performed by each pediatric
emergency physician sonographer (x axis) and is color coded to
show the test result. The blocks are arranged vertically in
chronological order, with the ﬁrst scan at the bottom. The
sensitivity and speciﬁcity are listed for each quartile of scans
performed by the pediatric emergency physicians.

appendices with borderline measurements, and 1 with minimal
histologic ﬁndings at pathology.
Of the 13 false-positive studies, all had sonographic
McBurney’s point tenderness, and 7 had periappendiceal
inﬂammation. One patient had an appendiceal wall hematoma as
a result of von Willebrand’s disease.24 There was a single false
positive among studies conducted after 50 scans’ experience, an
appendix called inﬂamed according to size (7.3 mm) and without
periappendiceal inﬂammation. The CT reading was “probable
early appendicitis.”
Sonographic test characteristics stratiﬁed by the clinicianindicated pretest probability of appendicitis are shown in
Table E3, available online at http://www.annemergmed.com.
There was general agreement between pediatric emergency
medicine and radiology measurements when concurrent
studies were performed (Figure 4). In 3 of the 5 studies
plotted outside the 95% CI range, both pediatric emergency
medicine and radiology called the study result positive. In the
remaining 2, pediatric emergency medicine ultrasonography
correctly identiﬁed the positive and negative case of
appendicitis. Of the 14 studies in which radiology and bedside
measurements disagreed on the 6-mm discriminatory
threshold, the diagnostic impression was correct in both in 4,
362 Annals of Emergency Medicine

Figure 4. Bland-Altman plot of pediatric emergency medicine
ultrasonography and radiology ultrasonographic measurements.
The difference between pediatric emergency medicine and
radiology measured appendix width (millimeters) is plotted
against the mean pediatric emergency medicine and radiology
measured appendix width. The horizontal line represents the
mean difference for the group (–0.34 mm); and the dotted lines,
the SD (3.94 to –4.62). There were 99 studies with pediatric
emergency medicine and radiology measurements for
comparison.

pediatric emergency medicine sonography was correct in 6,
and radiology was correct in 4 (Table E4, available online at
http://www.annemergmed.com).
In our blinded review of 189 images, the k for appendix
visualization was 0.69 (95% CI, 0.58 to 0.78). Raw agreement was
0.82 (95% CI, 0.77 to 0.87). In the 34 cases in which 2 pediatric
emergency medicine examinations were independently performed
on the same patient, the k was 0.5 (95% CI, 0.2 to 0.82).

LIMITATIONS
Our study is limited by being from a single center in which
pediatric emergency medicine fellows trained for this study may
have acquired skills and training different from those elsewhere.
Additionally, our lead sonographer performed 43% of the study
imaging. We used a convenience sample based on sonographer
availability.
We could not blind the sonographers to the patient’s pain
during the examination, and this may have inﬂuenced their
interpretations. We did not record the time required to complete
the bedside sonographic examination, but our impression is that
many positive scan results were quickly identiﬁed.
The children lost to follow-up may have presented elsewhere
with appendicitis; however, our institution is the local referral
center and they would likely been transferred for operative services.
Furthermore, the frequency of missed appendicitis in recent studies
(regardless of imaging strategy) is less than 0.5%25-27 and, even
assuming a 10-fold higher frequency (5%) in patients lost to followup, would result in similar main results: sensitivity 84% (95% CI,
73% to 94%) and speciﬁcity 94% (95% CI, 86% to 100%).
Volume 64, no. 4 : October 2014
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DISCUSSION
In this prospective evaluation of focused right lower quadrant
sonography by pediatric emergency physicians, we found
substantial accuracy in the diagnosis of acute appendicitis.
In 1986, Puylaert17 described the technique of graded
compression ultrasonography for the evaluation of acute
appendicitis, which can be used to supplement clinical
examination and laboratory algorithms.26,28-30 The application of
sonography by emergency physicians to other surgical conditions
of the abdomen is well established.31-34
Zielke et al35 studied surgical resident sonography for
appendicitis in 504 adults and children, and found a sensitivity of
83% and speciﬁcity of 97%. Chen et al14 studied emergency
physician sonography in 147 patients and found a sensitivity of
96% and a speciﬁcity of 68%. In a similar study, Fox et al15
found a sensitivity of 65% and a speciﬁcity of 90% in 132
patients. None of the studies describe their scanning protocols or
visualization frequencies, and training was variable. Our
standardized protocol and preferential use of a high-frequency
linear probe may explain our greater accuracy.
We also found that pediatric emergency medicine
ultrasonography was conducted on average 2-and-a-half hours
earlier than the radiology studies, excluding the additional time
for radiologist interpretation.
Ultrasonography remains highly operator dependent, with
frequencies of radiologist appendiceal visualization ranging from
22% to 98%.36-38 We visualized the appendix in 71% of studies.
Because nonvisualization can occur both with and without
appendicitis, we used the presence or absence of secondary signs
to dichotomize studies into “positive” or “negative” categories.
The appendix may not be visualized after rupture, replaced by
extensive inﬂammation and abscess formation.18,22,25,39
Nonvisualization with an adequate graded compression
examination in the absence of free ﬂuid or inﬂammation is
generally considered a negative study result.21,22,40-46 This is the
approach described by all of the English-language studies cited
within the meta-analysis by Doria et al9 comparing
ultrasonography accuracy with CT in children. We observed 8
cases of appendicitis with nonvisualization of the appendix,
including 5 in which the sonographers had greater than 80%
conﬁdence in their falsely negative ﬁndings. This serves as a
reminder that sonography, especially when not deﬁnitive, is
imperfect and should not supersede overall clinical judgment.
We had 3 studies in which pediatric emergency medicine
sonographers missed radiologist-identiﬁed appendicitis despite
appendiceal visualization. In 2 of these cases, the sonographer
measured a normal portion of the proximal appendix,
overlooking distal disease. This stresses the importance of being
able to trace an appendix to its blind end as we observed that
frequently a normal-appearing proximal appendix could be seen
before identiﬁcation of the dilated and inﬂamed distal portion.
Given that this dilated tip of the appendix is not always present
in the right lower quadrant, a protocolized scanning strategy is
recommended to avoid missing it.
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We found greater accuracy when the appendix was visualized,
consistent with a recent multicenter radiology study in which the
sensitivity was 72.5% overall, but was 97.9% with clear
visualization.47
We found substantial agreement in appendiceal diameters
between our sonographers and radiologists. There is some
controversy about whether a better threshold might be 7 mm,
and by measuring the thickness of the appendiceal outer wall.48,49
Our ﬁnding of a positive likelihood ratio range of 7 to 20
based on 95% CIs suggests that when ED sonography result is
positive, the diagnosis of appendicitis is essentially established
and further studies do not appear to be required. Surgical
consultants can be involved earlier in the ED course.
In summary, we found substantial diagnostic accuracy for
pediatric emergency medicine sonography for acute appendicitis.
Although the technique is imperfect, we believe that right lower
quadrant sonography should be part of training in pediatric
emergency medicine and emergency medicine ultrasonographic
fellowships.
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Table E1. Test characteristics by quartile of sonographer VAS conﬁdence.
Test Characteristics

Sonographer’s VAS Conﬁdence 0–66 (N[66)

Sensitivity (95% CI)
Speciﬁcity (95% CI)
PPV (95% CI)
NPV (95% CI)
LRþ (95% CI)
LR– (95% CI)

0.62
0.94
0.73
0.91
10.9
0.41

(0.34–0.88)
(0.85–1)
(0.45–0.99)
(0.81–1)
(3.3–35)
(0.2–0.81)

VAS 67–84 (58)

VAS 85–94 (66)

VAS 94–100 (74)

0.54
0.91
0.6
0.9
6.4
0.5

0.91
0.95
0.91
0.95
20
0.09

0.97
0.89
0.9
0.97
8.8
0.02

(0.24–0.85)
(0.81–1)
(0.29–0.91)
(0.78–1)
(2.2–19)
(0.26–0.96)

(0.78–1)
(0.86–1)
(0.78–1)
(0.86–1)
(5–76)
(0.02–0.34)

(0.88–1)
(0.76–1)
(0.78–1)
(0.88–1)
(3.5–22)
(0.004–0.2)

PPV, Positive predictive value; NPV, negative predictive value; LRþ, positive likelihood ratio; LR–, negative likelihood ratio.

Table E2. Test characteristics by sonographer visualization and experience.
Test Characteristics
Sensitivity (95% CI)
Speciﬁcity (95% CI)
LRþ (95% CI)
LR– (95% CI)

Studies Conducted
by All (N[264)
0.85
0.93
11.7
0.16
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(0.74–0.95)
(0.85–1)
(6.9–20)
(0.1–0.27)

Studies With Appendix
Visualized (N[189)
0.95
0.88
8.2
0.06

(0.86–1)
(0.8–0.97)
(4.9–13.8)
(0.02–0.15)

Sonographers With
>25 Scans (133)
0.88
0.98
40
0.12

(0.76–1)
(0.9–1)
(10–160)
(0.05–0.28)

Sonographers With
<25 Scans (131)
0.82
0.87
6.5
0.2

(0.69–0.95)
(0.78–0.97)
(3.7–11.5)
(0.11–0.39)
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Test
Characteristics
Sensitivity
(95% CI)
Speciﬁcity
(95% CI)
PPV (95% CI)
NPV (95% CI)
LRþ (95% CI)
LR– (95% CI)

Clinical VAS
0 to 10

11 to 20

21 to 30

31 to 40

41 to 50

51 to 60

61 to 70

71 to 80

81 to 90

91 to 100

—

1 (0.05 to 1)

1 (0.01 to 1)

1 (0.3 to 1)

0.6 (0.17 to 1)

0.83 (0.53 to 1)

0.88 (0.68 to 1)

0.81 (0.62 to 1)

0.91 (0.76 to 1)

0.87 (0.73 to 1)

1 (0.65 to 1)

0.92 (0.78 to 1)

1 (0.72 to 1)

0.72 (0.46 to 0.99)

1 (0.56 to 1)

1 (0.68 to 1) 1 (0.79 to 1) 0.96 (0.89 to 1) 1 (0.81 to 1) 0.89 (0.75 to 1)
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Table E3. Test characteristics by decile for treating physician’s pretest probability for acute appendicitis, determined by VAS (0 to 100 mm).

—
1 (0.05 to 1) 0.5 (–0.2 to 1.2) 1 (0.31 to 1) 0.5 (0.1 to 0.9)
1 (0.46 to 1)
0.89 (0.68 to 1)
1 (0.72 to 1)
0.78 (0.57 to 1)
1 (0.8 to 1)
1 (0.68 to 1) 1 (0.79 to 1)
1 (0.83 to 1)
1 (0.81 to 1) 0.92 (0.81 to 1) 0.91 (0.74 to 1) 0.92 (0.78 to 1) 0.81 (0.62 to 1) 0.88 (0.68 to 1)
0.7 (0.4 to 0.98)
—
Inf
25 (3.8 to 170)
Inf
5 (2.2 to 18)
Inf
11.6 (1.84 to 77)
Inf
3.4 (2.1 to 9)
Inf
0
0
0
0
0.45 (0.25 to
0.17 (0.03 to 0.12 (0.02 to 0.7) 0.19 (0.11 to 0.11 (0.02 to 0.73) 0.13 (0.07 to 0.2)
0.82)
0.85)
0.32)
þ Appendicitis,
0
1 (5)
1 (4)
3 (12)
5 (17)
6 (37.5)
9 (41)
16 (55)
12 (52)
23 (77)
N (%)

PPV, Positive predictive value; NPV, negative predictive value.
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Table E4. Patients for whom measurements between radiology and pediatric emergency medicine bracket 6 mm, with comments on
patient outcome.
Patient No.

Radiology, Size, mm

PEM, Size, mm

Comments

14
26
34
80
94
173
179
181
185
198
201
208
241
250

4
8
7
8
6.9
7
8
5.5
7
13
3.4
5.5
4
10

6.9
6.9
4.8
4.5
5.7
5.5
4.6
7
6
5
10
6.8
6.7
5

PEM correct, þAP
PEM correct, –AP
PEM correct, –AP
Rad correct, þAP
Rad correct, þAP
Both said nl
Rad correct, þAP
Both said nl
PEM correct, –AP
Both said þ
PEM correct, þAP
Both said nl
Rad correct, –AP
PEM correct, –AP

PEM, Pediatric emergency medicine; þAP, positive appendicitis result; –AP, negative appendicitis result; Rad, radiology; both, pediatric emergency medicine and radiology.
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Figure E1. Diagnostic results for each pediatric emergency medicine sonographic study compared with the reference standard of
surgical pathology or clinical follow-up. Each block represents a sonographic study performed by each pediatric emergency
physician sonographer (x axis) and is color coded to show the test result.
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