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Purpose: Computed tomography (CT) for the diagnosis of appendicitis is associated with radiation exposure and
increased cost. In an effort to reduce the diagnostic use of CT scans, we implemented a standardized ultrasound
report template based on validated secondary signs of appendicitis.
Methods: In September 2012, as part of a quality improvement project, we developed and introduced a four cate-
gory standardized ultrasound report template for limited right lower quadrant abdominal ultrasounds. Outcomes
for patients undergoing ultrasound or CT scan for appendicitis between 9/10/2012 and 12/31/2013 (Period 2,
n = 2033) were compared to the three months prior to implementation (Period 1, n = 304).
Results: In Period 1, 78 of 304 (25.7%) patients had appendicitis versus 385 of 2033 (18.9%) in Period 2 (p=0.006).

Non-diagnostic exams decreased from 48% to 0.1% (p b 0.001). Ultrasound sensitivity improved from 66.67% to
92.2% (pb 0.001). Specificity didnot significantly change (96.9% to 97.69%, p=0.46). CT utilization for appendicitis
decreased from 44.3% in Period 1 to 14.5% at the end of Period 2 (p b 0.001).
Conclusions: Implementation of a standardized ultrasound report template based on validated secondary signs of
appendicitis nearly eliminated non-diagnostic exams, improved diagnostic accuracy, and resulted in a striking
decrease in CT utilization.

© 2015 Elsevier Inc. All rights reserved.
Acute appendicitis is the most frequent cause of acute abdominal
surgery in children [1]. The total lifetime cumulative incidence rate of
appendicitis is 9% and has been increasing annually [2]. The diagnosis
of appendicitis is most prevalent during the second decade of life, spe-
cifically between the ages of 10 and 14 [2]. Despite the frequency of
appendicitis, diagnosis can be challenging [3,4].

Both ultrasound and CT have been reported to improve diagnostic
accuracy in appendicitis [5]. CT scan rates for the diagnosis of appendi-
citis have been increasing nationally [6,7]. Although CT is reported to
have a higher sensitivity than ultrasound, ongoing concerns have been
raised about the radiation exposure and increased costs associated
with CT [8,9]. Projections estimate that a solid cancer will result at a
rate of 25.8 to 33.9 cases per 10,000 abdominal CT scans for girls and
13.1 to 14.8 cases per 10,000 abdominal CT scans for boys [10]. Strate-
gies to increase the utility of ultrasound as a diagnostic tool for appendi-
citis are desirable to reduce radiation exposure and decrease costs, but
ultrasound has challenges as well. Appendix visualization rates vary
and ultrasound exhibits significant user dependency [11–13].
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Others have sought to decrease CT rates by establishing diagnostic
protocols using pediatric appendicitis scores and surgeon assessment
[3,14]. Increased use of magnetic resonance imaging (MRI) has been
proposed [15], but MRI is also associated with challenges including
cost, time and potential need for sedation to obtain an accurate study.

We designed and implemented a standardized ultrasound reporting
template based on validated secondary signs of appendicitis in order to
increase the diagnostic accuracy of the ultrasound exam and to simulta-
neously decrease CT utilization.

1. Materials and methods

1.1. Template design

A collaborative group from the quality improvement, pediatric sur-
gery, and pediatric radiology departmentsmet in 2012 to discuss a stan-
dardized ultrasound reporting template for appendicitis. The current
literature was reviewed to design a template with maximal sensitivity
and specificity. A maximal outer diameter of b7 mm and a maximal
appendiceal wall thickness of b1.7 mm with graded compression
were considered normal [16]. Secondary signs were defined as
hyperechogenic periappendiceal fat, fluid collection consistent with an
appendicular abscess, and local dilation and hypoperistalsis of the
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bowel consistent with focal peritonitis [17]. Other sonographic findings
including hyperemia of the appendix, free fluid, lymphadenopathy, and
appendicolithswere included as part of the template for assessment but
were not considered secondary signs in the analysis. Radiologists were
asked to classify patients into four categories: 1. Normal appendix; 2.
Appendix not visualized or partially visualized without secondary signs
of appendicitis; 3. Appendix not visualized or partially visualized with
secondary signs of appendicitis; 4. Acute appendicitis [17]. Category 1
and 2 reports were considered negative for appendicitis while Category
3 and 4 reports were considered positive.

Three criteria were required for a compliant ultrasound report: the
template had to be used by the radiologist, one of the four categories
had to be selected, and the category selected had tomatch the informa-
tion in the report. A sample ultrasound template consistent with
Category 1 is shown in Fig. 1. Non-diagnostic examswere defined as ul-
trasound reports where the description was insufficient to make or
exclude the diagnosis of appendicitis. An IRB exemption was granted
for this quality improvement project (IRB# 13–00734).

1.2. Patients

From9/10/2012 to 12/31/2013 (Period 2, n=2033) records fromall
patients undergoing abdominal ultrasound evaluation in our emergen-
cy department (ED) were prospectively reviewed. Only ultrasounds
performed for suspected appendicitis were included in the analysis.
Patients enrolled in a concurrently running study on the non-
operative management of appendicitis were excluded. Demographic
data, ultrasound reports, and diagnostic accuracy were compared to
the period prior to implementation of the template from 6/1/2012 to
9/9/2012 (Period 1, n = 304). All CT scans obtained in our ED for
evaluation of appendicitis during Periods 1 and 2 were also reviewed.
All patients undergoing imaging for suspicion of appendicitis were
used to calculate the CT utilization rate. Final diagnosis was determined
by histopathology and defined as transmural inflammation of the
appendix [18,19].

1.3. Statistical analysis

Descriptive statistics were calculated, including frequencies,
percentages, means, and standard deviations. To statistically compare
Periods 1 and 2, chi-square tests were performed for categorical vari-
ables. Fisher’s Exact Test was used when the variable was dichotomous
and the number of data points was below 5. T-tests were used to make
group comparisons for continuous variables. Measures of test accuracy
including sensitivity, specificity, and predictive valueswere determined
by standard methods. Results were tracked using statistical process
Figure

Appendix: The appendix is identified in the r
Appendix size: The appendix is less than 7 m
Wall thickness: Normal, less than 1.7 mm in
**Appendicolith: No appendicolith was iden
Perforation: None
*Abscess: None
**Fluid: There is no free fluid.
*Periappendiceal fat: The periappendiceal f
**Vascularity: Normal vascularity was obse
**Mesenteric lymph nodes: No pathologica
*Adjacent bowel loops: Peristalsing normal 
Additional abnormalities: None

Impression: Normal appendix.

Fig. 1. Sample Category 1 standardized right lower quadrant limited ultrasound report template
** Additional signs not considered approved secondary signs.
control (SPC) methodology with control charts (p-charts) per
established quality improvement practices. Compliance was defined as
ultrasound reports that used the template and selected a category per
established guidelines.
1.4. Normal work flow

Initial clinical evaluation of all patients with abdominal pain is
performed by our ED physicians. ED physiciansmake the determination
to obtain imaging. Ultrasound is our primary diagnostic imagingmodal-
ity and is preferentially ordered but is not mandated. The ED physicians
had full license to order both initial and secondary imaging for appendi-
citis prior to surgical consultation. ED Physicians could involve surgery
in the decision if they wished but this was not mandated during the
time of the study and surgery involvement prior to ordering imaging
was inconsistent.
2. Results

2.1. Patient demographics/epidemiology

Demographic data between Periods 1 and 2were similar. The rate of
appendicitis among patients undergoing ultrasound decreased from
25.7% (78/304) in Period 1 to 18.9% (385/2033, p = 0.006) in Period
2. At the same time, the average number of ultrasound exams per
month increased from 92.3 in Period 1 to 129.4 in Period 2. Despite dif-
ferences in appendicitis rates the negative appendectomy rate (NAR)
was unchanged (Period 1 = 8.23% vs. Period 2 = 8.76%, p = 0.8).
2.2. Diagnostic accuracy

The sensitivity and negative predictive value (NPV) of our ultra-
sound exams improved to greater than 90% after the template, and
non-diagnostic exams were nearly eliminated (Table 1). The specificity
and positive predictive value (PPV) of ultrasound also improved but not
significantly (Table 1). Compliance to the template led to a lower NAR,
lower CT utilization rate, and higher specificity (Table 2). The rate of
non/partial visualization was unchanged between Periods (55.9%
vs. 54.1%, p = 0.55).

The predictive values of ultrasound varied for each template catego-
ry. The NPV of Categories 1 & 2 and the PPV of Category 4 were high.
Category 3 was our poorest performing category with a PPV of 76%
(Table 3). Falsely positive Category 3 patients had a female predomi-
nance (12/17 or 70.6%, p = 0.137).
 1

ight lower quadrant.
m in outer diameter measuring 4.2 mm.
 thickness measuring 0.8 mm
tified.

at is normal.
rved without hyperemia.
lly large lymph nodes were observed.
appearing bowel loops were observed.

. Primary criteria include appendiceal size andwall thickness. * Approved secondary signs.



Table 1
Diagnostic utility of ultrasound pre/post template.

Pre-Template
n = 304

Post-Template
n = 2033

P
Value

Sensitivity 66.7% 92.2% b0.001
Specificity 96.9% 97.7% 0.466
Positive Predictive Value
(PPV)

88.1% 90.3% 0.599

Negative Predictive Value
(NPV)

89.4% 98.2% b0.001

Non-diagnostic exams 48.0% 0.1% b0.001

Table 3
CT rates and outcomes by category.

Total Appendicitis Non-
appendicitis

% Correct CT # CT Rate

Category 1 767 4 763 99.5% (NPV) 32 4.2%
Category 2 871 25 846 97.1% (NPV) 301 34.6%
Category 3 71 54 17 76.1% (PPV) 37 52.1%
Category 4 322 301 21 93.5% (PPV) 14 4.4%

Depiction of the total number of patients, positive predictive values (PPV) and negative
predictive values (NPV), and CT scan rate by category in Period 2. Category 1 and 2 were
considered negative for appendicitis, Category 3 and 4 were considered positive.
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2.3. CT utilization and template compliance

After initiation of the template, the abdominal CT utilization rate
dropped in stepwise fashion by 67.3% (baseline 44.3% to 14.5%,
p b 0.05, Fig. 2). CT scan rates were high in Category 2 and 3 when com-
pared to Categories 1 and 4 (Table 3). The average CT scan rate for
Category 2 ultrasounds in the first three months after the template
was 41%, and this decreased to 26% in the last threemonths of 2013. Ul-
trasound was the initial imaging study in 90.5% of patients in Period 1
vs. 97.3% in Period 2 (p b 0.001).

Compliance to the template increased over time in stepwise fashion
to a high of 95.4%. Each increase in template compliancewas statistically
significant and directly correlated with a statistically significant de-
crease in our CT utilization rate (Fig. 2).

3. Discussion

Development of a structured ultrasound report template based on
validated size criteria and secondary signs of appendicitis nearly elimi-
nated non-diagnostic reports, improved diagnostic accuracy, and led to
a 67.3% decrease in CT rate. The sensitivity, specificity, and positive and
negative predictive values reportedhere are consistentwith the reported
values in the literature for the secondary signs we selected [17].

In attempting to decrease our CT utilization rate for appendicitis we
faced many challenges. First, the appendix is not fully visualized in
about half of our patients undergoingultrasoundexamination. Reported
rates of visualization in the literature range from 24.4% to 69.3% [11].
Lack of visualization prior to the template was generally considered
non-diagnostic and led to high CT utilization. The template was not
created to increase our rate of visualization, and this remained the
same between the two periods (55.9% vs. 54.1%, p = 0.55). Instead,
the template was designed to increase our ability to diagnose appendi-
citis even in the absence of visualization by utilizing secondary signs.

Next, before we instituted the new report template, secondary signs
of appendicitis that might have aided in diagnosis were inconsistently
interpreted. Many signs that were not specific such as lymphadenopa-
thy and free fluid were emphasized in the report, leading to confusion
and more CT scans.

Finally, some clinicians expressed a distrust of ultrasound as a de-
finitive diagnostic test for appendicitis. The understandable fear of a
Table 2
Compliance to the template improves outcomes.

Compliant Non-Compliant P Value

Total Reports 1741 292
Sensitivity 92.7% 90.7% 0.641
Specificity 97.9% 90.4% b0.001
Negative Appendectomy Rate (NAR) 6.3% 24.6% b0.001
CT Rate 15.8% 37.3% b0.001

The effect of the template is further demonstrated when non-compliant exams are sepa-
rated from compliant exams. Ultrasound reports had to meet three criteria to be compli-
ant. 1. The template had to be used, 2. One of the four categories had to be selected, 3.
The category selected had to match the approved diagnostic criteria.
missed diagnosis often led, and continues to lead, to CT utilization
even when the suspicion for appendicitis is low. For example,
Category 2 ultrasounds have an NPV of 97%, but CT scans were still
ordered in 34.6% of these patients. Although this number has
decreased from an initial average of 41% down to 26%, there con-
tinues to be room for improvement.

Category 3 ultrasounds represent both our smallest category (3.49%)
andourmost difficult category todiagnose. Category 3ultrasounds are con-
sidered positive for appendicitis but only 54 of 71 (76.1%) patients in this
category had appendicitis. Several pathologies can cause inflammation in
the right lower quadrant especially among females who predominate in
this category. When the appendix is not visualized distinguishing between
these causes is difficult and these patients will likely receive themost diag-
nostic benefit from CT scanning. Our observation of higher CT rates (52.1%)
in Category 3 is consistent with this diagnostic reality.

Our NAR of 8.76% appears high likely due to our strict definition of
transmural inflammation for appendicitis, a definitionwhich is support-
ed by the literature [18,19]. This NAR is consistent with reported ranges
in the literature [5,18,19], though thedefinition of negative appendecto-
my varies widely. Some studies define negative appendectomies as the
absence of inflammation [18]. This likely underestimates the true NAR.
Other NARs are defined entirely by billing codes without pathology
[6]. Some studies use more than one definition of NAR and report mul-
tiple values [18]. Given this variance in definition it is difficult to directly
compare NARs between institutions. Template compliance resulted in a
significantly lower NAR (6.3%). Also, a large portion of our negative ap-
pendectomies (17/37) were classified as normal by ultrasound (e.g. the
patients were taken to the operating room based on clinical signs of ap-
pendicitis, despite the ultrasound report). With improved understand-
ing of the value and specificity of the template, theNAR should improve.

Thedecrease in CT scanutilization after the templatewas largely related
to a decrease in CT scans ordered after non-diagnostic ultrasounds. The
change is also reflective of an increased voluntary usage of sonogram over
CT. This increase in voluntaryusage andconfidence inultrasound is demon-
strated by the increased rate of ultrasound utilization from Period 1 to
Period 2 (92.3 per month to 129.4 per month). The increased use of ultra-
sound is a good alternative to high CT usage given its lower cost and lack
of radiation, but even ultrasound may be over used as many ultrasounds
continue to be ordered even when the suspicion for appendicitis is low.
Unfortunately, no perfect test for appendicitis exists and even with CT in-
correct diagnoses and negative appendectomies occur [5,6].

The most important contributions of the template are likely related
to the improved communication between services and the standardiza-
tion based on evidence-based principles. The template was specifically
designed to eliminate subjective observation that might lead to confu-
sion. It creates an actionable interpretation rather than a simple narra-
tive impression. Improved communication through handoffs and
patient checklists is currently a popular topic and leads to better patient
outcomes [20,21]. Also, recent standardizationwith the implementation
of appendicitis clinical pathways has been shown to improve patient
care [22].

The implementation of a standardized ultrasound template based on
established secondary signs of appendicitis led to a significant decrease
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in CT utilization as well as improved accuracy. This change has been
sustained formore than a year and continues to improvewith improved
interdisciplinary compliance. A simple strategy based on established
evidence can significantly impact patient care and outcomes.

Appendix A. Discussions

Presented by Dr. Jason Nielsen, Columbus, OH.

Discussant: Dr. Charles Stolar (Santa Barbara, CA) How did you get the
radiologists and their ultrasound technicians to buy in to this?

Response: Dr. Jason Nielsen It’s been difficult. As you can see from our
compliance curve, it took numerous meetings to get to even
the 96% compliance. Essentially we kind of bound the radiol-
ogists’ hands. They had to choose one of our four categories.
They were no longer able to have any hedging which I think
is what led to our success. We had a couple of great staff
members included on the study here that were really para-
mount in helping us to accomplish that.

Discussant: Dr. David Skarda (Salt Lake City, UT) Congratulations on an
excellent process improvement project. This is outstanding
work. One question I have for you is in those patients that
have nondiagnostic studies or your category 3 variety did
you give any consideration to a period of observation rather
than proceeding to CT scan? I think there is a potential for
allowing time to decide rather than radiation.

Response: Dr. Jason Nielsen I agree completely. We are currently
working to develop a protocol for these patients. There is a
lot of literature to suggest that the sensitivity of ultrasound
increases with multiple exams so we’re in a period where
we are trying to determine exactly what to do when we
have an ultrasound that we are concerned about, whether
we should observe them and potentially repeat it, or just ob-
serve and do serial exams.We haven’t determined that as yet
but I think that is the future direction of this project.
Discussant: Dr. David Skarda In Salt Lake Citywehavemoved towards a
period of observation rather than proceeding towards CT scan.
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