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Background: With similar effectiveness of ultrasonography, our institution replaced CT imaging with
ultrasound for diagnosing appendicitis in children. An unexpected consequence was the overutilization
of ultrasound. Our objective was to establish measures that could help prevent this overuse.

Methods: A retrospective chart review of 327 consecutive pediatric patients evaluated for appendicitis
between October 2014 and September 2015 at our institution was performed. Data on clinical, radio-
graphic, and histopathologic findings were reviewed. Diagnostic accuracy of US and white blood cell
(WBC) values was determined. An algorithm was created.

Results: 327 (100%) patients received an ultrasound for suspected appendicitis. WBC of 10,000/ul was
determined to be the primary discriminant for management and ultrasound utilization. If a WBC
>10,000/uL had been utilized as criteria for imaging, 49.5% fewer patients would have received an
ultrasound.

Conclusions: Clinical exam, WBC count, and surgery consultation prior to ultrasonography can lessen

then need for ultrasound utilization in children with suspected appendicitis.

Published by Elsevier Inc.

Introduction

Acute appendicitis remains one of the most prevalent causes of
abdominal pain requiring surgical intervention in pediatric and
adult patients.! In the United States alone, there are approximately
280,000 appendectomies performed annually.> From these, the
most common age group for acute appendicitis falls in the 2—3rd
decade.’

In the pediatric population, abdominal pain accounts of 5—10%
of all emergency room visits. Among this population, acute
appendicitis is the most common indication for an emergency pe-
diatric surgery.* The accurate diagnosis of appendicitis in children
remains challenging due to the inability of a pediatric patient to
describe their symptoms in detail when compared to the adult
patient. As a result, imaging has become heavily relied upon to

establish a diagnosis of acute appendicitis.

CT imaging has been demonstrated as the leading diagnostic
imaging technique due to a sensitivity and specificity near 95%
with a negative predictive value of 71-96%.> However, approxi-
mately 1 in 500 pediatric patients receiving a CT scan may
develop a malignancy due to that radiation exposure in their
lifetime.®> As a result, significant efforts have been made to limit
CT scanning in the pediatric population due to concern for ra-
diation exposure and future risks of malignancy. Due to these
concerns, ultrasound has become more prevalent as an initial
diagnostic modality.

A proposed solution for this scenario is the development of an
algorithm that identifies patients with a high likelihood of appen-
dicitis based on laboratory values, patient history, and a surgeon's
physical exam in an effort to reduce ultrasound utilization.
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Methods
Study design

This study was reviewed and approved by the University of II-
linois College of Medicine at Peoria Institutional Review Board
(#00000688). Following approval, our study team conducted a
retrospective review of pediatric patients who received a single
level abdominal ultrasound in the emergency department for sus-
pected appendicitis at the Children's Hospital of Illinois. The study
population consisted of patients <18 years of age who presented to
our institution's Level I pediatric trauma center between October
2014 and September 2015. Our patient cohort was identified uti-
lizing the Current Procedural Terminology (CPT) code for single
organ abdominal ultrasound with reasoning for the exam including
but not limited to right lower quadrant pain, abdominal pain, and
concern for appendicitis. Collected data variables included: white
blood cell count (WBC), reasoning for ultrasound imaging, radiol-
ogist interpretation, as well as any applicable CT imaging, subse-
quent appendectomy procedures, and relevant histopathological
findings. Concerns for appendicitis were identified by radiologist
evaluation of ultrasound imaging. A normal appearing appendix on
ultrasound was considered negative for appendicitis. In contrast, an
enlarged appendix or secondary signs including peri-appendiceal
fluid and/or hyperemia were considered appendicitis. However, the
final diagnosis was confirmed with a positive histopathologic
analysis. Patients were then divided into two groups based on their
WBC <10,000/uL or >10,000/uL respectively. Both positive and
negative predictive values of WBC on the radiographic evaluation
for appendicitis were determined for each group.

Statistical analysis

Statistical analyses were performed using R version 3.4.3. Con-
tingency tables were produced to assess the sensitivity, specificity,
positive and negative predictive value of ultrasound and WBC.
McNemar's chi-square tests were used to compare the sensitivity
and specificity of ultrasound alone and ultrasound combined with a
WBC greater than 10,000. A p value of <0.05 was considered sta-
tistically significant.

Results

Three hundred and twenty-seven (327) children were included
in this retrospective review. Patient ages ranged from 2 to 17 years.
All patients were evaluated in the emergency department and
received an ultrasound for suspected appendicitis. One hundred
and sixty-five children had a WBC <10,000/uL with only five of
those patients receiving an appendicitis diagnosis. Three of those
underwent appendectomy based on clinical exam while the
remaining two had ultrasound imaging. A total of 162 patients had
a WBC >10,000/uL, with 51 of those patients receiving a positive
appendicitis diagnosis. There were 33 cases of ultrasound identified
appendicitis and 31 (94%) of those patients had a WBC >10,000/puL.
Of these 33 visualized on ultrasound, all were acute appendicitis on
final pathology (Fig. 1).

The table below (Table 1) displays the sensitivity, specificity,
positive predictive value, and negative predictive value for ultra-
sound only, WBC >10,000/uL only, and ultrasound in patients that
have WBC >10,000/pL. In our case, the sensitivity was much lower
when an ultrasound was used only or in conjunction with WBC.
WABC alone had a 91.1% sensitivity at our institution.

Based on these results, an algorithm (Fig. 2) was developed to
reduce unnecessary ultrasound imaging for suspected pediatric
appendicitis. For any case of suspected appendicitis with WBC
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Fig. 1. Population/demographic flow chart.

Table 1
Data comparing diagnostic modality.

us WBC over 10,000 WBC over 10,000 & US

Sensitivity 58.9% 91.1% 55.4%
Specificity 97.1% 59.0% 98.2%
Positive Predictive Value  80.5% 31.5% 86.1%
Negative Predictive Value 92.0% 97.0% 91.4%

Children ages 0-17
years old with
suspected appendicitis

WBC > 10,000/uL WBC < 10,000/uL
And RLQ focal And RLQ focal
tenderness tenderness

Call Surgery Consider
(US may not be observation or
necessary) follow up outpatient
the next day

Fig. 2. Rule out appendicitis algorithm.

>10,000/uL, the pediatric surgical team should be consulted
promptly to determine if formal ultrasound is necessary. If any
patient had a WBC >10,000/uL with RLQ focal tenderness, an ul-
trasound may not be necessary, pending a surgical exam. And, if any
patient had a WBC <10,000/uL with RLQ focal tenderness, obser-
vation or next-day follow up in an outpatient clinic should be
considered.

With application of the algorithm, 49.5% fewer ultrasounds
would have been performed, and 94% of patients with ultrasound
diagnosed appendicitis would have been evaluated by the pediatric
surgical team. Our ultrasound sensitivity was 59%. The negative
predictive value of the primary discriminant WBC >10,000/uL was
97%; however, when combined with ultrasound it was 91.4%.
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Discussion

Abdominal pain continues to be a common indication for health
care evaluation in children. Pediatric emergency room visits for
abdominal pain typically turn into appendicitis rule outs. Histori-
cally, the rate of a negative appendectomy, or normal appendix on
pathology, has been as high as 20%.> However, most current reports
demonstrate that this rate has decreased significantly to 1-12%,
likely due at least in part to the advances of medical imaging.”> With
this improvement, an unexpected consequence has arisen—the
overemphasis of imaging in the diagnosis of acute appendicitis.
Many of these patients undergo a CT scan due to its high sensitivity
and specificity.® Radiation exposure may be more significant as
they will likely receive additional scans throughout their lifetime. A
recent study suggested children who had CT scans have a higher
than average risk of developing cancer later in life.” To help with
identification of acute appendicitis without imaging, several clin-
ical prediction scores, such as the Alvarado score, are being used.’
However, some believe their accuracy alone is inferior, necessi-
tating supplemental imaging to aid in the diagnosis.® Several
retrospective studies focusing on pediatric hospitals have reported
a trend towards the increasing use of ultrasound and decreasing
use of CT.5~10

Similar to the widespread trends to minimize or avoid ionizing
radiation in the pediatric population, our institution has reached
exemplary status regarding CT usage in children. Our NSQIP data
shows us at less than 10% utility in pediatric patients in the eval-
uation for appendicitis. However, this has resulted in the unnec-
essary overutilization of ultrasound imaging in the evaluation of
appendicitis at our hospital. In addition to creating a burden on
resources, inconclusive results have led to not only a lower than
expected positive predictive value, but an increase in observation
admissions. This scenario is especially apparent during nighttime
hours when there is limited staffing available and potentially less
experience in the evaluation of pediatric abdominal pain. This often
leads to an over dependence on the diagnostic work up. Another
limitation of ultrasound imaging is the reliance on operator skill of
the performing and interpreting providers.'! Occasionally, radiol-
ogists and ultrasound technicians at certain times of day may have
less experience, leading to the omission of commentary on the
presence or absence of secondary signs such as inflammation or
fluid affecting diagnosis.

To help combat the overuse of ultrasound for pediatric
abdominal pain, we developed an alternative diagnostic method.
As with any ideal diagnostic test, the initial screening must be
affordable, quick, easy to interpret, and accurate. Pearl et al., stated
that 91% of acute or perforated appendicitis had a leukocytosis of
more than 10,000/mm?> on admission.'”> We focused on this white
blood cell count. For both males and females with greater than
10,000/uL white blood cell count, a surgery consult would be
requested without prior ultrasound imaging. The decision for
additional imaging would be deferred to the surgery team. In prior
studies, females did have a significantly higher than normal pa-
thology rate.'”” Based on this data, an ultrasound may be more
beneficial in females if clinical presentation is unclear or inconsis-
tent. For any patient, male or female, with a white blood cell count
of less than 10,000/uL, we believe physicians can safely opt for
observation or outpatient follow up the next day.

If this algorithm had been successfully implemented, nearly 50%
of potentially unnecessary ultrasounds at our institution would
have been avoided. In addition, 94% of the patients with ultrasound
proven appendicitis would have been rightfully evaluated by the
surgical team. A significant savings of over $100,000 may have been
achieved from this small data set alone. We believe that by
implementing our algorithm, primary care physicians and prompt

care providers could limit unnecessary ultrasounds and arrange
follow-up the next day.

This study does have some recognized limitations. First, this
algorithm was applied in a retrospective manner. Next, this algo-
rithm was developed as a tool to help prevent the routine ordering
of an ultrasound in children with abdominal pain prior to physical
exam and laboratory evaluation. This adjustment in practice may
have some unexpected consequences for the surgical patient,
provider, and hospital system. Depinet et al., evaluated a risk
stratification process for diagnosing acute appendicitis.® Imple-
mentation of their algorithm led to a desired decreased CT usage,
but increased the number of ultrasounds performed causing a
strain on resources.’ One additional possible outcome of a decrease
in the ultrasound burden may be a subsequent increase in requests
for surgery consultation for otherwise low risk patients. While
some rural communities may struggle with prompt surgical eval-
uation, teaching hospitals may demonstrate the most benefit from
the execution of this algorithm due to the availability of surgical
residents to help evaluate patients prior to ordering additional
imaging.

In addition, the limitation of relying heavily upon the lab value
of WBC count was recognized. To address this issue, the algorithm
was designed to incorporate clinical judgement. Depending on
several factors including clinical suspicion of the examining pro-
vider, reliability of the patient's family to comply with close follow
up, and objective data interpretation, the algorithm allows for
either observation with short term hospital stay or discharge from
the ED with short term follow up scheduled with a physician as
soon as the next day. Appendicitis is not a diagnosis that stops and
starts, but progresses. This flexibility, however, is also an advantage,
especially when examining older patients. For example, a 17-year-
old patient may be more likely to recognize and communicate their
pain symptoms. This patient may be identified as one that could be
safely discharged from the ED with follow up in 24h with a
physician. This situation must also outline specific concerning
symptoms to the patient and family that should necessitate a
prompt return to the ED. Conversely, when considering a much
younger patient, such as a 2-year-old, with a possible appendicitis,
this patient may be more appropriate for a short-term hospital
observation due to the limited ability of the patient to communi-
cate sings of worsening symptoms. Ultimately, the emergency
room physician, as the front-line provider, has the potential for the
most significant impact on initial imaging or simple observation.

To determine whether the algorithm that we have developed in
this retrospective study will limit unnecessary ultrasound utiliza-
tion and not negatively impact the management of suspected
appendicitis in children, we have embarked upon a prospective
trial of the algorithm. We believe in simplifying the diagnostic steps
to acute appendicitis. Returning to the basics with a surgical his-
tory, physical exam, and a white blood cell count may be all we
need.
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