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Purpose To identify the features that can be used for differentiating appendicitis from non-ap-
pendicitis in pediatric patients with equivocal ultrasound (US) results.

Materials and Methods A total of 53 pediatric patients (< 18 years old) with equivocal results
on US examination for suspected appendicitis between November 2012 and October 2017
were included. US evaluation was conducted based on information retrieved from a predefined
structured report form. Then, the likelihood of appendicitis was prospectively classified into
five categories. The equivocal results were considered as grade 3 (indeterminate) and grade 4
(probably appendicitis).

Results Of the 53 patients, 25 (47.2%) and 28 (52.8%) were classified into grade 3 and 4 groups,
respectively. Among the individual US findings, increased vascularity of the appendiceal wall
and peri-appendiceal fat infiltration were independent findings associated with the diagnosis
of appendicitis (p = 0.005, p = 0.045, respectively) in the multivariate logistic regression analysis
and showed the highest diagnostic accuracy (69.8% and 62.3%, respectively).

Conclusion Increased vascularity within the appendiceal wall and peri-appendiceal fat infiltra-
tion were significant predictors of appendicitis in patients with equivocal US findings.
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INTRODUCTION

Acute appendicitis is one of the most common acute diseases requiring emergency surgery
in pediatric patients. Ultrasound (US) is the preferred primary imaging modality for diagnosing
acute appendicitis in children because of lack of ionizing radiation or need for patient prepa-
ration (1). US is highly specific for the diagnosis of appendicitis in children without significant
difference in the specificity as compared to that of CT (2); however, US has significantly lower
sensitivity than CT (2), and the rates of identification of the appendix and sensitivity for diagno-
sis of appendicitis vary across sites (3).

Non-visualization of the appendix is the most common factor of interpretive uncertainty;
whereas, clear visualization of the appendix on US with ambiguous findings of normalcy or
presence of appendicitis is another common subset of equivocal cases (4). Previous reports in-
dicated that the incidence of equivocal results from US evaluation of appendicitis varies from
49% to 14% (5-8). The variable incidence may reflect inconsistent and ambiguous definition of
“equivocal” in those studies.

Equivocal US exams can increase the time to diagnosis, which can lead to delays before ap-
pendectomy, higher rate of postoperative complications (8, 9), and unnecessary surgery such
as negative appendectomy (10). Therefore, it is important to decrease the rate of equivocal US
exam results, although their complete elimination is not possible. Our institution developed
a standardized structured report (SR) for appendix US to improve communication with refer-
ring physicians (11), in which, the radiologists are asked to describe or check predefined US
findings suggestive of appendicitis and conclude the likelihood of appendicitis using a 5-point
scoring system that includes equivocal US exam results. The purpose of this study was to iden-
tify those features that are useful to differentiate appendicitis from non-appendicitis in pedi-

atric patients with equivocal US results.

MATERIALS AND METHODS

STUDY POPULATION

Our Institutional Review Board approved this study and waived the requirement for informed
consent (IRB No. 2018-11-007-001). We included 1053 pediatric patients of age 1-18 years who
underwent US for suspected acute appendicitis between November 2012 and October 2017. Of
these patients, US exams not reported using SR (n = 125) were excluded. US results of indicated
non-visualized appendix (n = 77) also be excluded because US findings of them cannot be eval-
uated. Among the remaining 851 patients, 245 patients had equivocal US exam results based
on initial reports as follows: probably non-appendicitis (grade 2, n = 182), indeterminate
(grade 3, n = 32), and probably appendicitis (grade 4, n = 31); of these, we excluded grade 2
group because they did not cause clinical ambiguity in the diagnosis of appendicitis. There was
no false positive or negative result in the grade 2 group. Of remaining 63 patients, 10 were also
excluded for the following reasons: 1) lost to follow-up (n = 8); 2) transfer to another hospital
(n =1); 3) refusal to undergo operation (n = 1). Finally, 53 pediatric patients with equivocal US
exam results for suspected appendicitis were included in the study (Fig. 1). Medical records

of the patients were reviewed for demographic and clinical variables.
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Fig. 1. Flow diagram of the patients.

1053 patients underwent US exams because of suspected acute appendictis, between November 2012 and October 2017 ‘

928 patients reported using the stuctured report ‘ ‘ 125 patients not reported using the stuctured report

77 patients with non-visualized appendix

Grade 1. Definitely non- | | Grade 2. Probably non- | | Grade 3. Indeterminate Grade 4. Probably Grade 5. Definitely
appendicitis (n=500) appendicitis (n=182) (n=32) appendictis (n=31) appendictis (n=106)

10 patients were excluded
1) Loss to follow-up (n=8)
2) Transfer to other hospital (n=1)
3) Refusal to undergo operation (n=1)

‘ 53 patients included in the study ‘

US EXAMINATION AND INTERPRETATION
All US examinations were performed with an iU22 gray-scale US system (Philips Healthcare,

Eindhoven, Netherlands) using 5-8-MHz curved or 5-12-MHz linear probes, followed by color
Doppler US at low-flow settings of the lowest available pulse repetition frequency, highest pos-
sible gain without background noise, and 100-Hz low-wall filter. All US examinations were per-
formed during daytime business-hours by residents (with 1-4 years’ training) under the super-
vision of two experienced abdominal radiologists (with 16 and 9 years’ experience), or by the
same attending abdominal radiologists, using a graded-compression technique. If the residents
initially performed the US examinations, the attending abdominal radiologist immediately re-
viewed and confirmed the results. As routine protocol, the appendix US examinations were not
conducted by the radiologists during off-hours at our hospital.

Appendix US results were interpreted using our institutions’ predefined SR form (Appendix
Table 1) based on literature review (12-15) and the likelihood of appendicitis was prospective-
ly scored using five grades: grade 1, definitely non-appendicitis; grade 2, probably non-appen-
dicitis; grade 3, indeterminate; grade 4, probably appendicitis; grade 5, definitely appendici-
tis. The SR form provided information on the degree of visibility of the appendix (entirely,
partly, and not identified), and presence or absence of the following US exam findings: 1)
non-compressible enlarged appendix (> 6 mm); 2) appendiceal wall thickening compared
with the adjacent normal bowel wall; 3) US-guided tenderness; 4) peri-appendiceal fat infiltra-
tion as indicated by increased peri-appendiceal echogenecity; 5) increased vascularity of the
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appendiceal wall compared with that of adjacent bowel. In addition, it allowed textual de-
scription of additional findings that were indirectly suggestive of appendicitis, such as the wall
thickening at the cecal base, fluid in the right lower quadrant (RLQ) of the abdomen, or pres-
ence of appendicolith, etc. But, they were excluded from the following analysis because there
were variability and inconsistency in interpreting and reporting them among the performing
radiologists. The maximum appendiceal diameter and wall thickness were measured and re-
corded in real time. We did not define specific criteria for diagnosing appendicitis and in-
stead relied on the subjective decision of the performing radiologist. The SR form was imple-

mented by our institution in November, 2012 and is since routinely used in daily practice.

REFERENCE STANDARD
The diagnosis of appendicitis was based on the surgical and pathological findings. If the path-

ological diagnosis differed from the operative diagnosis, the pathological diagnosis of acute ap-
pendicitis based on the presence of neutrophil infiltration of the submucosa or muscularis pro-
pria was considered as the final diagnosis. The absence of appendicitis was confirmed through
pathologic analysis (negative appendectomy) or assumed based on information retrieved from

the medical records.

STATISTICAL ANALYSES

Chi-square test or Fisher exact test was used to compare the frequencies of categorical vari-
ables. The t test was performed for continuous variables. To assess the independent variables
for discrimination of appendicitis, multivariable logistic regression analyses were conducted
with backward selection of significant variables in univariable analysis for the patients with
equivocal US exam results. Sensitivity, specificity, positive predictive value, negative predictive
value, and accuracy of each significant imaging finding were also calculated. A p-value of less
than 0.05 was considered as statistically significant difference. All analyses were performed
using PASW Statistics for Windows (version 18.0; SPSS Inc., Chicago, I, USA) and MedCalc
(version 12.1.4; MedCalc Software, Mariakerke, Belgium).

RESULTS

PATIENT CHARACTERISTICS & US FINDINGS
Of the 53 pediatric patients (28 male and 25 female patients; mean age, 11.1 = 3.9 years) with

equivocal US exam findings, 22 had acute appendicitis and 31 did not. In all 22 patients (11
male and 11 female patients; mean age, 10.1 & 3.5 years) with acute appendicitis, the diagno-
sis was confirmed using operative and pathologic evaluation. Among the 31 patients (17 male
and 14 female patients; mean age 11.8 & 4.1 years) without acute appendicitis, the diagnosis
was confirmed at surgery in nine patients, additional examination such as CT or follow-up US
exam in 20 patients, and clinical follow-up in 2 patients. The final pathologic diagnosis of nine
patients who underwent negative appendectomy was serosal congestion (n = 6) and fecalith
impaction (n = 3). The final diagnosis of the remaining 22 patients was as follows; non-specific
abdominal pain (n =9), enteritis or enterocolitis (n = 7), rupture of the right ovarian cyst (n = 2),

mesenteric lymphadenitis (n = 2), acute pyelonephritis in the right kidney (n = 1), and paralytic
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ileus (n = 1). All patients were successfully treated by conservative therapy or showed improve-
ment of symptom at follow-up. The most common finding of equivocal US exam results was
US-guided tenderness (94.3%), followed by the non-compressible enlarged appendix (88.7%),
appendiceal wall thickening (79.2%), peri-appendiceal fat infiltration (60.4%) and increased
vascularity of the appendiceal wall (52.8%) (Table 1).

INDEPENDENT US FINDINGS

In the univariate logistic regression analyses, peri-appendiceal fat infiltration [odds ratio
(OR) = 3.6, 95% confidence interval (CI) = 1.0-12.3, p = 0.039] and increased vascularity of the

Table 1. Patient Characteristics and US Findings of the Equivocal Groups

Grade 4,
All Grade 3, Probably
B Indeterminate L. p-Value
(n=53) (=25, 47.29%) Appendicitis
(n=28,52.8%)
Age, years 11.1£39 11.1£43 11.1£37 0.276
Sex 0.662
Female, n (%) 25(47.2) 11 (44.0) 14 (50.0)
Male, n (%) 28(52.8) 14 (56.0) 14 (50.0)
Visualization of appendix 0.563
Partial 17(32.1) 9 (36.0) 8(28.6)
Entire 36(67.9) 16 (64.0) 20(71.4)
Appendix maximal diameter (mm) 70x17 62+ 13 7717 0.555
Appendiceal wall thickness (mm) 221+0.6 20+0.6 24+05 0.795
Non-compressible enlarged appendix 0.06
Absent 6(11.3) 5(20.0) 1(3.6)
Present 47 (88.7) 20 (80.0) 27 (96.4)
Appendiceal wall thickening 0.01
Absent 11(20.8) 9(36.0) 2(7.1)
Present 42(79.2) 16 (64.0) 26(92.9)
US-guided tenderness 0.486
Absent 3(5.7) 2(8.0) 1(3.6)
Present 50(94.3) 23(92.0) 27 (96.4)
Peri-appendiceal fat infiltration 0.021
Absent 21(39.6) 14 (56.0) 7(25.0)
Present 32(60.4) 11 (44.0) 21(75.0)
Increased vascularity of the appendiceal wall 0.004
Absent 25(47.2) 17 (68.0) 8(28.6)
Present 28 (52.8) 8(32.0) 20 (71.4)
Added exam (CT or FU US) 31(58.5) 22 (88.0) 9(32.1) <0.001
Appendectomy 31(58.5) 7(28.0) 24 (85.7) <0.001
Appendicitis 22 (41.5) 2(8.0) 20(83.3) <0.001
Negative appendectomy rate, % 29.0(9/31) 71.4 (5/7) 16.7 (4/24) <0.001

F.U =follow-up, US = ultrasound
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appendiceal wall (OR = 6.2, 95% CI = 1.8-21.3, p = 0.004) were significant US findings associ-
ated with the surgical diagnosis of appendicitis; those US findings were independent factors
associated with the surgical diagnosis of appendicitis (OR = 3.9, 95% CI = 1.0-15.0, p = 0.045;
OR = 6.5, 95% CI = 1.8-24.1, p = 0.005) in backward-elimination logistic regression analysis

(Table 2).

DIAGNOSTIC PERFORMANCE OF INDIVIDUAL US FINDINGS

The performance of individual US findings to diagnose appendicitis is shown in Table 3.

Increased vascularity of the appendiceal wall showed the highest accuracy of 69.81% (95%
CI: 55.66, 81.66%) with sensitivity of 77.27% (95% CI: 54.63, 92.18%), and specificity of 64.52%

Table 2. Univariate and Multivariate Logistic Regression Analysis Results for Predicting Appendicitis of the

Equivocal Appendix

Acute Appendicitis

Univariate Analysis

Multivariate Analysis

Variable .
No. of Patients (%)  OR(95%Cl)  p-Value  OR(95%CI)  p-Value

Non-compressible enlarged appendix

Absent 1(4.5) Reference

Present 21(95.5) 40(04-373) 0218
Appendiceal wall thickening

Absent 0(0.0) Reference

Present 22 (100.0) 0.999
US-guided tenderness

Absent 1(4.5) Reference

Present 21(95.5) 1.4(0.1-17.0) 0.768
Peri-appendiceal fat infiltration

Absent 5(22.7) Reference Reference

Present 17 (77.3) 3.6(1.0-12.3) 0.039 3.9(1.0-15.0) 0.045
Increased vascularity of the appendiceal wall

Absent 5(22.7) Reference Reference

Present 17(77.3) 6.2 (1.8-21.3) 0.004 6.5(1.8-24.1) 0.005
Cl = confidence interval, OR = odds ratio, US = ultrasound

Table 3. Diagnostic Performance of the Individual US Findings for Appendicitis
Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Non-compressible appendix
Appendiceal wall thickening
US-guided tenderness
Peri-appendiceal fat infiltration
Increased vascularity of the

appendiceal wall

Peri-appendiceal fat infiltration
+increased vascularity of the

appendiceal wall

95.45 (77.16-99.88)

77.27 (54.63-92.18)

59.09 (36.35-79.29)

16.13 (5.45-33.73)
100 (84.56-100.00) 35.48 (19.23-54.63)

( (
95.45(77.16-99.88)  6.45(0.79-21.42)
7727 (54.63-92.18)  51.61 (33.06-69.85)

64.52 (45.37-80.77)

83.87 (66.27-94.55)

44.68 (40.30-49.14)
52.38 (45.87-58.82)
42.00 (38.87-45.19)
53.12 (42.48-63.50)
60.71 (47.73-72.34)

72.22 (52.02-86.18)

83.33(38.53-97.55)  49.06 (35.06-63.16

100

80.00 (63.94-90.02)

(
66.67 (16.19-95.39) 43.40 (29.84-57.72
76.19 (57.95-88.14) (

)
62.26 (47.89-75.21)

)
62.26 (47.89-75.21)

69.81 (55.66-81.66)

74.29 (63.08-83.01) 73.58 (59.67-84.74)

Data in parentheses are the 95% confidence interval.
NPV = negative predictive value, PPV = positive predictive value, US = ultrasound

https://doi.org/10.3348/jksr.2019.0191

187



Useful US Findings for Equivocal US Results of Appendicitis _

cH I-oéIAOFQIff_!-ilxI

Fig. 2. An 11-year-old boy with right lower quadrant pain.

A. Gray-scale US shows a mildly dilatated appendix (6.8 mm, arrows) and appendiceal wall thickening. US-guided tenderness and peri-appen-
diceal fat infiltration were positive on the structured report.

B. No mural hyperemia can be seen on the color Doppler US image (appendix, arrowheads). The findings were interpreted as probably ap-
pendicitis (grade 4).

C. Contrast-enhanced CT acquired on the same day showing a normal appendix (arrowhead).

US = ultrasound

Fig. 3. A 13-year-old boy with acute appendicitis.

A. Gray-scale US image shows typical features of appendicitis, including a non-compressible enlarged ap-
pendix (8.8 mm, arrows), appendiceal wall thickening, and peri-appendiceal fat infiltration (arrowheads).
US-guided tenderness was positive on the structured report.

B. No mural hyperemia can be seen on the color Doppler US image (appendix, arrowheads). The findings
were interpreted as probably appendicitis (grade 4). Laparoscopic appendectomy was performed, and
acute appendicitis was confirmed through pathology.

US = ultrasound

(95% CI: 45.37, 80.77%) to discriminate appendicitis from non-appendicitis (Fig. 2), followed

by peri-appendiceal fat infiltration (accuracy 62.26%, sensitivity 77.27%, and specificity
51.61%) (Fig. 3). When these two findings are combined, the specificity improves to 83.87%
(95% CI: 66.27, 94.55%) and the overall accuracy increases to 73.58% (95% CI: 59.67, 84.74%)
(Fig. 4). Non-compressible enlarged appendix, appendiceal wall thickening and US-guided
tenderness showed favorable sensitivity (95.45%, 100%, and 95.45%, respectively) and poor
specificity (16.13%, 35.48%, and 6.45%, respectively).
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Fig. 4. A5-year-old boy with acute suppurative appendicitis.

A. Gray-scale US reveals an appendiceal diameter of 4.8 mm (crisscrosses), which does not meet the criteria
of appendicitis. However, other findings of appendicitis, such as appendiceal wall thickening, US-guided
tenderness, and peri-appendiceal fat infiltration, were positive on the structured report.

B. Color Doppler US image shows the presence of mural hyperemia (appendix, arrowheads). This was inter-
preted as probably appendicitis (grade 4). Laparoscopic appendectomy was performed, and acute suppu-
rative appendicitis was confirmed through pathology.

US =ultrasound

DISCUSSION

In our study, increased vascularity of the appendiceal wall (OR = 6.5; p =0.005) and peri-ap-
pendiceal fat infiltration (OR = 3.9; p = 0.045) were significant US features associated with his-
tologically confirmed appendicitis after surgery. Several previous studies reported similar re-
sults to those of our study for the diagnosis of appendicitis in patients with equivocal US exam
findings (5, 8, 16, 17). Lim et al. (16) and Xu et al. (17) reported that the presence of hyperemia
in the appendiceal wall through color Doppler US was helpful to diagnose appendicitis in pa-
tients with an appendix of equivocal size. Telesmanich et al. (8) reported that the loss of mural
stratification, peri-appendiceal fat inflammation, and appendicolith were significant predic-
tors of appendicitis in children with equivocal US exam results using a risk-stratified scoring
system and SR form. However, our study had some difference as compared to those studies.
We included patients with equivocal US exam results using a predefined SR. This design re-
flects the real-time characteristic of US exam compared with retrospective review studies fo-
cusing on US images and enables analysis of variable US exam findings suggesting appendicitis
such as the appendiceal wall thickness, US-guided tenderness, peri-appendiceal fat infiltration,
and increased vascularity of the appendiceal wall.

The reported incidence of equivocal US exam results in the diagnosis of appendicitis varies
from 4% to 14% (5-8), which could be due to the operator-dependent characteristic of US exam-
ination and definition of the equivocal group. In our study, the incidence was much higher
than reported results when including the grade 2 (probably non-appendicitis) group (28.8%,
245/851), but similar to that reported with the exception of grade 2 group (7.4%, 63/851).

In our study, peri-appendiceal fat infiltration and increased vascularity of the appendiceal
wall showed lower specificity (51.6% and 64.5%, respectively). Patients with peri-appendiceal
fat infiltration had considerable false-positive rate (46.9%, 15/32); of these, five patients were
with alternative diagnosis of fat infiltration in the RLQ of the abdomen on additional CT images
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that was interpreted as peri-appendiceal fat infiltration on the US image, such as enterocolitis
(n =2), mesenteric lymphadenitis (n = 1), or rupture of the right ovarian cyst (n = 2). The remain-
ing nine patients underwent additional CT or surgery but the cause of peri-appendiceal fat in-
filtration was not determined. The patients with increased vascularity of the appendiceal wall
had slightly lower false-positives rate (39.3%, 11/28) than those with peri-appendiceal fat in-
filtration; of these 11 patients, five were considered to have secondary appendicitis due to in-
flammation of the adjacent organs including enterocolitis (n = 4) and right acute pyelonephri-
tis (n = 1). This is explained by a previous report indicating that mural hyperemia is effective
to distinguish between appendicitis and the normal appendix, but not between primary and
secondary appendicitis (18). The remaining six patients had no specific diagnosis and some
of them may have true appendicitis since spontaneous resolution of simple appendicitis can
occur (19). There were false negatives in five of the patients with appendicitis (22.7%, 5/22); of
these, two patients were diagnosed with acute suppurative appendicitis, two with acute gan-
grenous appendicitis, and one with peri-appendiceal abscess formation. A previous report in-
dicated that there were few or no signals in case of appendicitis with necrosis or perforation
(20), which may account for the false negatives in the latter three cases but in the former two
cases. As previous studies (5, 17), it is still unclear why this inconsistency exists within the same
pathological category of acute appendicitis. The specificity can be improved by the combina-
tion of two findings. In our study, the combined two findings showed an increased specificity
of 83.87% and overall diagnostic accuracy of 73.58%, which may be due to the complementary
roles of the two findings to reflect different pathologies.

Our study has several limitations. First, there is potential selection bias due to exclusion of
11.9% (125/1053) of cases that did not follow the SR. However, this effect may be limited be-
cause the incidence of appendicitis in the excluded cases (15.2%, 19/125) was not significantly
different from that in the included cases (14.2%, 132/928). We also excluded the cases of non-
visualization of the appendix with or without secondary findings of appendicitis, such as the
wall thickening at the cecal base, fluid in the RLQ of the abdomen, enlarged mesenteric lymph
nodes, or presence of appendicolith, because the secondary US findings were provided as de-
scriptive text and there was variability and inconsistency in interpretation among the radiolo-
gists who performed the US exam; the prevalence of appendicitis in this group was 5.2% (4/77).
Second, we did not retrospectively review the US imaging findings because we considered that
since US is a real-time imaging modality, the SR by the attending radiologists provided more
relevant information than retrospective review of the captured US images that does not allow
adjustment of observation and description errors. Finally, the present study was performed at
a single institution with a relatively small population. Additional multi-center study including
larger population is required to validate our results.

In conclusion, increased vascularity of the appendiceal wall and peri-appendiceal fat infil-
tration were significant predictors of appendicitis in the equivocal appendix [grade 3 (indeter-
minate) and grade 4 (probably appendicitis)] group.
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Appendix Table 1. Structured Report for Appendicitis

Option
Grade 0. Not identified
Visualization of appendix Grade 1. Unsure or partially visualized

Grade 2. Clearly and entirely visualized
Appendix maximal diameter (mm)
Appendiceal wall thickness (mm)

Non-compressible appendix [J Absent ] Present
Appendiceal wall thickening [J Absent L] Present
US-guided tenderness ] Absent [ Present
Peri-appendiceal fat infiltration [J Absent ] Present

Increase(.i vascularity of the O] Absent O] Present
appendiceal wall
Alternative diagnosis
Grade 1. Definitely absent. Clinical observation is recommended
Grade 2. Probably absent. Clinical observation is recommended
Likelihood of appendicitis Grade 3. Indeterminate. Clinical observation or CT is recommended
Grade 4. Probably present. Surgical exploration is recommended

Grade 5. Definitely present. Surgical exploration is recommended

US = ultrasound
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