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Predictors of Non-Diagnostic Ultrasound Scanning in Children with
Suspected Appendicitis
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Objective To determine predictors of diagnostically inaccurate ultrasound scanning for suspected appendicitis.
Study design Prospective emergency department cohort study of 263 previously healthy children 4 to 17 years of
age undergoing ultrasound scanning. Ultrasound scanning results were interpreted as positive, negative, or equiv-
ocal for appendicitis and classified as diagnostically accurate and inaccurate. The main outcome measure was as-
sociation between inaccurate ultrasound scanning and age, sex, body mass index percentiles, pain duration, white
blood cell count, Faces Pain Score-Revised, clinical probability of appendicitis, and ultrasound scanning operator.
Results Of the 263 patients, 95 ultrasound scanning examinations were read as positive, 76 as negative, and 92
were equivocal. A total of 162 (61.6%) ultrasound scanning examinations were accurate (TP86, TN76), and 101
(38.4%) ultrasound scanning examinations were inaccurate (FP88, FN13). Children with body mass index percen-
tiles =85 and clinical probability of appendicitis =50% had 58.1% probability of inaccurate ultrasound scanning
examination (odds ratio, 2.48; 95% confidence interval, 1.48-2.78). In lean children, diagnostic accuracy of the
screening ultrasound scanning examination with second ultrasound scanning or clinical reassessment was 93%
versus 83% in the obese children (95% confidence interval of the difference, 1-19%).

Conclusion Screening ultrasound scanning for pediatric appendicitis has suboptimal accuracy, particularly in
obese children with a low likelihood of appendicitis who should not routinely undergo ultrasound scanning. How-
ever, when followed by a second ultrasound scanning or a clinical reassessment, it offers high diagnostic accuracy
in lean children. (J Pedlatr 2011;158:112-8).

cute appendicitis remains the most common reason for abdominal surgery in children.' Correct diagnosis remains chal-
lenging,” yet accurate and timely identification of appendicitis is critical because a diagnostic delay may result in in-
creased morbidity.’

Because of its numerous advantages, ultrasound scanning has become a widespread initial diagnostic tool in children with
suspected appendicitis.*”” However, it may be inconclusive because even the most experienced sonographers occasionally fail to
visualize the appendix,®® particularly when it is normal, retro-cecal, perforated, or when the inflammation only involves the
distal tip.'®"! Because non-visualization of the appendix does not rule out appendicitis,'* children with inconclusive ultra-
sound scanning results often undergo a computerized tomography (CT) scan examination.”'? Furthermore, inconclusive ul-
trasound scanning results frequently results in lengthy emergency department (ED) stays and may contribute to delayed
diagnosis and increased perforation rates.'®'* Although a small pediatric study has identified a correlation between overweight
status and difficulty in detecting the appendix,'” no children with appendicitis participated, and a cutoff body mass index
(BMI) justifying alternate imaging could not be identified. Furthermore, other clinical factors may also contribute to inaccurate
ultrasound scanning results, and these have not been previously identified. Children with a high probability of inaccurate
screening ultrasound scanning results may not be suitable candidates for this imaging modality, but may benefit from alterna-
tive screening imaging methods such as a CT scanning.

The primary objective of this study was to determine clinical predictors asso-

ciated with diagnostically inaccurate ultrasound scanning results in children 4 to
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ment decision after the screening ultrasound scanning, and
the rate of second imaging.

We conducted a prospective consecutive cohort study of chil-
dren 4 to 17 years of age who came to our ED between Feb-
ruary 2007 and December 2008 during study coverage times
and underwent ultrasound scanning for suspected appendi-
citis ordered by the ED staff physician. In defining exclusion
criteria, we concentrated on children in whom the diagnosis
of appendicitis would be difficult because of pre-existing
conditions or concurrent pharmacotherapy and children
whose imaging had been performed/interpreted elsewhere.
Children with co-morbidities such as earlier abdominal or
pelvic surgery, malignancy, or chronic systemic disease
were excluded, as were children taking oral corticosteroids
or antibiotics. Families with a poor command of the English
language did not participate. The study was approved by the
research ethics board of our institution.

Children who came to our ED with abdominal pain were
assessed, and those in whom the ED staff suspected appendi-
citis as a diagnostic possibility were screened for eligibility by
one of 4 trained research assistants. The research assistants
obtained written informed consent from all participating pa-
tients/families and acquired relevant demographic and clini-
cal information with the assistance of the ED staff/fellow.
Before ultrasound scanning, the ED staff also used the clinical
information and laboratory data to estimate the clinical
probability of appendicitis in each child on a visual analog
score ranging from 0% to100%. Thereafter, the children
were taken for an ultrasound scanning examination, per-
formed by an experienced sonographer in consultation
with a staff radiologist during the day and by trained diagnos-
tic imaging fellows during evenings, nights, and weekends.

Before the study, all diagnostic imaging fellows received
additional education on the details of the ultrasound scan-
ning technique in detecting the appendix and identification
of the sonographic signs in the appendix and surrounding
tissues suggestive of appendicitis and lack thereof. Because
these trainees may have less experience than sonographers,
their image acquisition may be a predictor of non-
diagnostic ultrasound scanning results.

High-resolution (frequency range, 7-13 MHz), linear array
ultrasound scanning transducers were used (Philips iU 22,
Philips Electronics systems, Bothell, Washington; Acuson,
Sequoia 512, Siemens, Mountain View, California; Toshiba
Aplio XG, Toshiba Medical Systems Corporation, Tochigi-
Ken, Japan; GE Logiq 9, General Electric Corporation, Wau-
kesha, Wisconsin) to obtain longitudinal and transverse
gray-scale and color Doppler ultrasound scans of the abdo-
men, by using the graded-compression technique.'® All stud-
ies included full abdominal ultrasound scanning and
a localized study of right lower quadrant.

The ultrasound scanning results were immediately read by
the diagnostic imaging staff on weekdays or the fellow on-call
during evenings, nights, and weekends as positive, negative,
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or equivocal (non-diagnostic) for appendicitis. Although
the fellows also received input into their interpretations
from the staff the next day, the original interpretation was
used for the study analysis because these are also used for
clinical decisions.

Ultrasound scanning results were considered to be
positive for appendicitis when there was a finding of a non-
compressible appendix with an outer diameter in any portion
=6 mm, appendicolith, hyperechoic periappendiceal fat, loss
of echogenic submucosal layer, increased blood flow of the
appendix on color Doppler ultrasound scanning, and periap-
pendiceal collections seen in the absence of a visualized
abnormal appendix.'” Ultrasound scanning results were con-
sidered to be negative when an entire normal appendix was
identified. Equivocal images were those in which the
appendix was only partially visualized, had normal measure-
ments with inflammatory signs, had borderline measure-
ments (6 mm diameter) without inflammatory signs, or
was not visualized in the absence of periappendiceal collec-
tions.*

The ultrasound scanning readers were blinded to the pre-
senting clinical details and to the potential predictors of inac-
curate ultrasound scanning results. All study ultrasound
scans initially read by the fellows were reviewed within 24
hours by a staff radiologist on duty who was not part of the
study, but the management of the patient was based on the
initial interpretation. The ED staff and fellows subsequently
managed the participating patients with the aid of a surgical
consultation and the initial ultrasound scanning interpreta-
tion, without knowledge of the definition of ultrasound scan-
ning accuracy. At this point, the decision was made to either
proceed with surgery, discharge the patient home, or to
admit the child. Children in whom the diagnosis of appendi-
citis was uncertain after the screening ultrasound scanning
and a brief reassessment underwent a second ultrasound
scanning, a CT, or both, at the discretion of the surgeon.
Most CTs were done when the surgeon felt the discrepancy
between clinical findings and the preceding ultrasound scan-
ning dictated the need to clarify the diagnosis further.

One month later, the research assistants reviewed the elec-
tronic patient charts for secondary outcomes, for histological
findings in the removed appendices, and for delayed diagno-
sis of appendicitis. All patients who did not undergo surgery
were also telephoned at this time to ensure appendicitis was
not diagnosed at another institution.

Definitions

The final diagnosis of appendicitis was based on the histolog-
ical evidence of such at surgery and classified as perforated or
non-perforated.'® The pathologists were blinded to the clin-
ical details and to the ultrasound scanning results. Final diag-
nosis of no appendicitis was based on either a normal
pathological examination of the appendix or on finding no
appendicitis at follow-up. True positive ultrasound scanning
results were those interpreted as positive for histologically
confirmed appendicitis. True negative ultrasound scanning
results were interpreted as not showing appendicitis
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confirmed either histologically or by lack of subsequent de-
velopment of appendicitis. False-positive results consisted
of ultrasound scans read as appendicitis, but with a negative
appendectomy or no appendicitis on follow-up. False-nega-
tive results were cases in which the results of the first ultra-
sound scanning were negative, but the patient had
appendicitis confirmed at surgery either in our hospital or
later in another institution.

Diagnostically accurate ultrasound scanning results in-
cluded the true-positive and true-negative examinations. In-
accurate ultrasound scanning results were images with false-
positive or false-negative interpretations and those with
equivocal readings. An ultrasound scanning examination
lacking appendix visualization or having the aforementioned
non-diagnostic features cannot reassure the ED physician
that appendicitis has been ruled out'* and is not helpful in
management. Therefore, we have classified these cases as
equivocal in interpretation and inaccurate in outcome and
considered them as either false-positive or false-negative
results. On the basis of the “worst-case scenario,” equivo-
cal ultrasound scanning in a child later found to have con-
firmed appendicitis was considered to be a false-negative
result (because it did not identify appendicitis), and an
equivocal case found not to have appendicitis histologically
or on follow-up was considered to be a false-positive result
(because the ultrasound scanning did not rule-out appen-
dicitis).*

Outcome Measures

On the basis of the initial ultrasound scanning interpretation,
the patients were classified in groups of those with diagnos-
tically accurate and inaccurate ultrasound scanning. Before
the study, we also determined several potential predictors
of inaccurate ultrasound scanning. These included age, sex,
body mass index for age percentiles (BMI-FAP)," duration
of abdominal pain, white blood cell count, Faces Pain
Score—Revised score,”** estimated clinical probability of ap-
pendicitis on a visual analogue scale (0-100%), and the ultra-
sound operator type/experience (sonographer versus fellow).
The BMI-FAP represents the best available measure of obe-
sity in the pediatric population because the BMI estimate
in a child compared with other growing children varies
with age. The clinical probability of appendicitis was based
on the overall clinical impression (history, examination, lab-
oratory data) and classified by the ED staff as very unlikely
(<20%), unlikely (20%-39%), neither likely nor unlikely
(40%-59%), likely (60%-79%), and very likely (=80%).
The Faces Pain Score-Revised represents the most popular
pediatric pain measurement tool found to be valid in the
ED setting™ in children =4 years of age.

Secondary outcome measures included the proportion of
children with a definitive diagnostic management decision
(defined as surgery or discharge home versus admission),
proportion of prolonged ED stays in 12 hours, and the rate
of subsequent imaging within 7 days in the accurate and in-
accurate ultrasound scanning groups.
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Statistical Analysis
The sample size was calculated to obtain reliable estimates for
predictors of inaccurate ultrasound scanning results, with the
overall frequency of inaccurate ultrasound results at our in-
stitution of 50% (unpublished preliminary data). A mini-
mum of 10 “events” should be available per candidate
predictor variable to obtain relatively stable estimates in a re-
gression analysis.”* For the 8 possible predictors that we in-
vestigated, we needed 80 inaccurate cases, and therefore
a total of 160 patients had to be enrolled. Assuming that
10% of the patients would refuse to participate, 5% would
have poor command of the English, 5% would not meet eli-
gibility requirements, and 5% would be lost to follow-up, we
adjusted the sample size to 213. Because we subsequently
found the proportion of inaccurate ultrasound scanning re-
sults to be closer to 40%, we increased the sample size to 260.
The primary analysis used multivariable logistic regression
to identify the relationship between the inaccuracy of the
screening ultrasound scanning results and the 8 potential
predictors listed previously. The probability of the inaccuracy
of the ultrasound scanning results for each predictor was cal-
culated by using the fitted logistic model. A two-tailed x> or
Fisher exact test was used to compare relevant proportions,
and a Student ¢ test was used for comparison of continuous
variables in the diagnostically accurate and inaccurate
groups. For each diagnostic test performance index such as
sensitivity, specificity, positive and negative predictive values,
and accuracy, relevant 95% confidence intervals (CI) were
also computed.

Of the 672 children who underwent ultrasound scanning for
suspected appendicitis during the study period, 320 were
screened, 24 were missed, and 328 were not approached be-
cause of a lack of study coverage. Of the 320 families ap-
proached for the study, 263 (82%) were enrolled, 14
refused participation, 39 met exclusion criteria, and 4 parents
did not speak English. The non-approached population ar-
rived during a similar time of day, was of similar age, and
had a comparable rate of appendicitis to the approached co-
hort (103 of 352 or 29.3% versus 99 of 320 or 30.9%).

Of the 263 participating patients, 99 (37 %) had appendi-
citis. Three children had alternate surgical diagnoses, and 161
children had other medical illnesses. A total of 93 children
were surgically treated: 87 (94%) had histologically proven
appendicitis, 3 had alternate surgical diagnoses (splenic tor-
sion in 1 and ovarian cyst torsion in 2), and 3 had medical
diagnoses (omental infarction in 1 and reactive lymphoid hy-
perplasia in 2). One hundred nineteen children (45%) were
admitted to hospital.

Ninety-five (36%) initial ultrasound scans were inter-
preted as positive for appendicitis, 76 (29%) were interpreted
as negative, and 92 (35%) were considered equivocal. The di-
agnostic test performance of the screening ultrasound scan-
ning is depicted in the Figure. Of the 92 patients with
equivocal ultrasound scanning results, 13 (14.1%) had
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appendicitis and 79 did not. In this group, the appendix was
not adequately visualized in 78 cases (84.8%). In the 79
equivocal cases without appendicitis classified as having
false-positive results, the appendix was not visualized in 56
(71%), was inadequately visualized in 11 (13.9%), had
borderline measurements in 10 (12.7%), and was measured
as normal with surrounding inflammatory changes in 2
(2.5%) children. Of the 13 equivocal cases with
appendicitis classified as having false-negative results, the
appendix was not fully seen in 11 (84.6%) and had
borderline measurements in 2 (15.4%).

The screening ultrasound scanning had a sensitivity rate of
86.9% (95% CI, 78.6%-92.8%), a specificity rate of 46.3%
(95% CI, 38.5%-54.3%), a positive predictive value of
49.4% (95% CI, 41.8%-57.1%), a negative predictive value
of 85.4% (95% CI, 76.3%-92.0%), and accuracy rate of
61.6% (95% CI, 55.4%- 67.5%). A total of 162 ultrasound
scans (61.6%) were diagnostically accurate for the final diag-
nosis of appendicitis, and 101 (38.4%) were inaccurate. There
were no statistical differences in these two groups for sex,
pain duration, Faces Pain Score-Revised, or the imaging op-
erator/reader (Table I). Children with an inaccurate
ultrasound scanning interpretation were significantly older,
had a lower white blood cell count, had a higher BMI-FAP,
and had a lower estimated «clinical probability of
appendicitis than their counterparts with accurate
ultrasound scanning results (Table I).

We identified 2 independent predictors of inaccurate ul-
trasound scanning results: children with BMI-FAP =85th
percentile (cutoff determined as per published definition of
overweight/obese status'® and a receiver operating character-
istic curve of BMI and inaccurate ultrasound scanning
results) and children with a clinical probability of appendici-
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tis =50% (cutoft determined from a receiver operating char-
acteristic curve of clinical probability of appendicitis and
inaccurate ultrasound scanning results). These children
were 2 and 2.4 times, respectively, as likely to have inaccurate
ultrasound scanning results as their counterparts without
these characteristics (Table 1II). Patients with both
predictors were 2.5 times as likely to have inaccurate
ultrasound scanning results as their counterparts without
these features (Table II). The expected probability of
inaccurate ultrasound scanning results in children with
predictors alone and in combination is summarized in
Table II. Because some children with a clinical probability
of appendicitis <20% and >80% may have undergone
ultrasound scanning because of extra caution rather than
necessity, the analysis was repeated with this population
excluded. The results were virtually identical.

Children with inaccurate screening ultrasound scanning
results had a significantly lower proportion of definitive
treatment (discharge home or surgery without observation,
admission, or second imaging), more prolonged hospital
stays, and a much higher proportion of subsequent imaging
compared with their accurately imaged counterparts (Table
1I).

Of the 263 participating patients, 56 (21.6%) underwent
a second imaging: 26 children underwent a second ultra-
sound scanning only, 17 underwent CT only, and 13 under-
went both. A total of 4 of 80 children (5%) without the
aforementioned predictors underwent CT, as compared
with 26 of 183 children (14.2%) with predictors (P = .03).
The diagnostic performance of second imaging is summa-
rized in the Figure. Of the 39 repeat ultrasound scans, 36
(92%) correctly ruled-in/ruled-out appendicitis. All the CT
results were diagnostically accurate.

SCREENING ULTRASOUND

N=263

— | T

US positive US equivocal US negative
N=95 N=92 N=76
— T —

TN=76 FN=0

| 2 IMAGING |

US only: 3 (2 TN, 1FP)
US & CT: 1 (both TN)
CT only: 0

US only: 9 (all TN)
US & CT: 8 (all TN)
CT only: 11 (all TN)

US only: 5 (all TP)
US & CT: 0
CT only: 1 (TP)

US only: 5 (4 TP, 1FN)
US & CT: 2 (1 US FN, rest TP)
CT only: 4 (all TP)

US only: 4 (all TN)
US & CT: 2 (all TN)
CT only: 1 (TN)

Figure. Diagnostic performance of the screening ultrasound scanning and subsequent imaging.
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Table I. Characteristics of patients with accurate and
inaccurate ultrasound scanning examination results

Accurate Inaccurate
ultrasound ultrasound 95% CI for
Characteristic n =162 n=101 differences
Age, years*® 9.7 £ 36 10.6 + 3.3 0.07-1.73
Male (%) 92 (56.8%) 47 (46.3%) -21.5%-2.0%
BMI-FAP =85th 38 (23.5%) 38 (37.6%) 2.5%-25.5%
percentile
Duration of pain, 47.0 +£53.7 53.2 + 62.1 -8.6-20.9
hours*
White blood cell 13.3+6.3 11.3+49 -3.5--0.5
count*
Faces Pain 55+ 26 5.0+ (2.7) -1.16-0.17
Scale—
Revised*
CPA =50 %, 80 (49.4%) 70 (69.3%) 8.1%-31.8%
unlikely/highly
unlikely (%)
Imaging operator 73 (45.1%) 37 (36.6%) —20.6%-3.7%
(sonographer
vs fellow)
Imaging 54 (33.3%) 34 (33.6%) -121-11.4
Interpreter
(staff vs fellow)
\ J
*Mean + SD.

Of the 75 lean children with appendicitis, 66 were identi-
fied with the screening ultrasound scan, an additional 4
were identified with the second ultrasound scan, 2 cases
were confirmed with a clinical reassessment only, and 3 chil-
dren (4%) needed CT. Thus, the sensitivity of the screening
ultrasound scan with either a second ultrasound scan or
a clinical reassessment in this subpopulation was 72 of 75
or 96%. In the lean group without appendicitis (n = 112),
the specificity of this pathway was 102 of 112 or 91%—58
cases were ruled out with the screening ultrasound scan, an
additional 12 with the second ultrasound scan, 32 patients
only required a clinical re-examination, and appendicitis
was ruled out with CT in 10 children. In contrast, 3 of 24
or 12.5% obese children with appendicitis required CT,
and 21 were identified via the aforementioned route. In the
obese children without appendicitis (n = 52), the specificity
rate of this pathway was 42/52 or 81%—8 cases were correctly
ruled out with the screening ultrasound scan, an additional 8
cases were ruled out with the second ultrasoundscan, abdom-
inal pain disappeared in another 16 cases (clinical re-
examination only), and 10 patients (19%) required CT. In
all lean children with suspected appendicitis, the diagnostic
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accuracy of the screening ultrasound scan followed by a sec-
ond ultrasound scan or a clinical re-examination in ruling in/
ruling out appendicitis was 174 of 187 or 93%. In contrast,
only 83% of obese children (63/76) benefited from this path-
way (95% CI for the difference, 0.01-0.19; P = .012).

On the basis of the available preliminary evidence, a clinical
policy of the American College of Emergency Physicians rec-
ommends that ultrasound scanning be considered as the ini-
tial imaging modality to diagnose suspected appendicitis.*®
As a result, many children in whom the diagnosis of appen-
dicitis is suspected undergo screening ultrasound scanning,
despite its lower sensitivity compared with CT.*® We have
demonstrated that this screen alone is frequently not helpful,
particularly in children who are obese and have a low clinical
probability of appendicitis. However, when followed by
a clinical reassessment or a second ultrasound scan, appen-
dicitis can be accurately identified or ruled out in most of
children with BMI <85th percentile. Consideration should
be given to not performing ultrasound scanning in obese
children, as previously alluded to by Taylor and
others.'>?7 2

Although the sensitivity of the screening ultrasound scan
was comparable with that in other pediatric studies,” its di-
agnostic accuracy was below that reported previously.*” The
reason for our findings lies in our definition of equivocal ul-
trasound scanning results, designed to reflect their unhelpful
nature and to highlight this commonplace diagnostic diffi-
culty.”® Because these equivocal ultrasound scanning results
did not rule in/rule out appendicitis, they were classified as
inaccurate. Had we handled the equivocal ultrasound scan-
ning results according to the “best case scenario” (ie, classi-
fied them as true-positive or true-negative as per final
diagnosis of appendicitis), the sensitivity rate would be
100%, the specificity rate would be 94.5%, and the accuracy
rate would be 96.6%. However, we felt this would not have
reflected clinical reality because the equivocal ultrasound
scanning results not only lacked benefit, but they have clearly
negatively affected the outcomes. Very few of the earlier
studies have specifically addressed this issue. For example,
one team classified ultrasound scanning with non-
visualized normal appendices as having negative results,
and their few equivocal ultrasound scanning results were
not defined.*

( Table II. Adjusted odds ratios for independent predictors of inaccurate ultrasound scanning examination results W
OR of inaccurate Estimated
Number of predictors n n inaccurate ultrasound 95% Cl probability of inaccurate ultrasound 95% Cl

BMI-FAP =85th percentile 76 38 1.98 1.14-3.46 0.51 0.35-0.68
CPA =50% 150 70 2.37 1.40-4.03 0.51 0.38-0.63
BMI =85th percentile & CPA <50% 43 25 2.48 1.28-4.78 0.61 0.44-0.75
BMI <85th percentile & CPA =< 50% 107 45 0.42 0.33-0.52
BMI =85th percentile & CPA >50% 33 13 0.42 0.25-0.61
BMI <85th percentile & CPA >50% 80 18 0.23 0.14-0.33

7
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Table III. Clinical outcomes in children with accurate
and inaccurate ultrasound scanning examinations
Accurate US Inaccurate US  95% CI for
Outcome n =162 n=101 the difference
Definitive management 137 (84.6%) 68 (67.3%) —28.0%-—6.5%
(surgery/discharge) on
the basis of screening
US (%)
Prolonged stay in 14 (8.6%) 40 (39.6%)  20.5%-41.4%
emergency department
>12 hours (%)
Appendicitis (%) 86 (53.1%) 13 (12.9%) -50.3%-—30.1%
Perforated appendicitis (%) 24 (14.8%) 4(4.0%) -17.5%--4.2%
Second imaging (%) 13 (8.0%) 43 (42.6%)  24.0%-45.2%
CT as second imaging (%) 4 (2.5%) 26 (25.7%)  14.4%-32.1% )
.

US, Ultrasound scanning; CT7, computed tomography.

Earlier studies have also identified the BMI as a factor af-
fecting ultrasound scanning accuracy.'”® One small study
concluded that obese adults should forego ultrasound scan-
ning because of its poor accuracy.”® Hormann et al studied
children and also came to this conclusion, but only studied
14 overweight children, none of whom had appendicitis,
and recommended that a larger study be done.'” Increased
thickness of the adipose tissue both increases the distance be-
tween the ultrasound scanning transducer beam and leads to
limited compressibility of the appendix,”® which compro-
mises visualization of the appendix in obese individuals.

CT introduces a small but significant CT-related risk of
a radiation-induced malignancy in children.”’ Because even
a single CT is not without risks, its use must be limited. Con-
trary to the evidence that the most cost-effective method of
imaging pediatric appendicitis is to start with an ultrasound
scanning study and follow each negative ultrasound scanning
result with a CT scan,’® CT clarified the diagnosis in very few
of our lean participants. Virtually all second ultrasound scans
were diagnostically accurate, possibly aided by disease pro-
gression in the intervening interval between the first and sec-
ond examinations in some children.

At the start of this study, the published diagnostic appen-
dicitis scores had major limitations.”»** Although we were
unable to apply Goldman’s recently validated Pediatric Ap-
pendicitis Score to our data,” our CPA visual analog scale
represents real-life diagnostic estimates, similar to the one
used in the study by Garcia-Pena.* All enrolled children
had right-lower quadrant tenderness and a Pediatric Appen-
dicitis Score =2, so children at negligible risk of appendicitis
did not participate.

This study comes from a single center with a considerable
expertise in pediatric ultrasound scanning, likely comparable
with that of other pediatric hospitals. Therefore, our high
rate of non-diagnostic screening ultrasound scanning may
well represent the “best-case scenario,” because many chil-
dren are seen at non-pediatric facilities. Although our results
should be generalizable to other pediatric hospitals, they
likely have poor applicability to children seen at general
EDs, where our colleagues with expertise in adult imaging
may lack equivalent proficiency in pediatric ultrasound scan-
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ning, and to pediatric hospitals failing to provide a 24-hour,
7-day-a-week ultrasound scanning service. In these settings,
the rate of inaccuracy may be even higher, and more CT may
be necessary. A question also arises whether the high propor-
tion of patients not approached to participate could have
caused a selection bias. However, the comparable rates of ap-
pendicitis in the approached and non-approached cohorts
make the possibility of selection bias unlikely.

In conclusion, screening ultrasound scanning for pediatric
appendicitis has highly suboptimal diagnostic accuracy, par-
ticularly in obese children with a low likelihood of appendi-
citis. Consideration should thus be given to not routinely
performing ultrasound scanning in this subpopulation.
However, screening ultrasound scanning followed by a sec-
ond ultrasound scan or a clinical reassessment offers high
sensitivity, specificity, and diagnostic accuracy in lean chil-
dren at pediatric EDs with suspected appendicitis. The choice
of imaging should ultimately depend on local resources, level
of expertise, and outcomes.”’ m

Submitted for publication Oct 5, 2009; last revision received Apr 26, 2010;
accepted Jul 21, 2010.
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