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Abstract

Background The use of ultrasound to diagnose appendicitis in
children is well-documented but not universally employed
outside of pediatric academic centers, especially in the United
States. Various obstacles make it difficult for institutions and
radiologists to abandon a successful and accurate CT-based
imaging protocol in favor of a US-based protocol.
Objective To describe how we overcame barriers to
implementing a US-based appendicitis protocol among a large
group of nonacademic private-practice pediatric radiologists
while maintaining diagnostic accuracy and decreasing medi-
cal costs.

Materials and methods A multidisciplinary team of physicians
(pediatric surgery, pediatric emergency medicine and pediatric
radiology) approved an imaging protocol using US as the
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primary modality to evaluate suspected appendicitis with CT
for equivocal cases. The protocol addressed potential bias
against US and accommodated for institutional limitations of
radiologist and sonographer experience and availability. Radiol-
ogists coded US reports according to the probability of appen-
dicitis. Radiology reports were compared with clinical outcomes
to assess diagnostic accuracy. During the study period, physi-
cians from each group were apprised of the interim US protocol
accuracy results. Problematic cases were discussed openly.
Results A total of 512 children were enrolled and underwent
US for evaluation of appendicitis over a 30-month period.
Diagnostic accuracy was comparable to published results for
combined US/CT protocols. Comparing the first 12 months to
the last 12 months of the study period, the proportion of
children achieving an unequivocal US result increased from
30% (51/169) to 53% (149/282) and the proportion of children
undergoing surgery based solely on US findings increased
from 55% (23/42) to 84% (92/109). Overall, 63% (325/512)
of patients in the protocol did not require a CT. Total patient
costs were reduced by $30,182 annually.

Conclusion We overcame several barriers to implementing a
US protocol. During the study period our ability to visualize
the appendix with US increased and utilization of CT de-
creased. Our overall diagnostic accuracy with the US-based
protocol was comparable to other published results and
remained unchanged throughout the study.

Keywords Ultrasound - Computed tomography -
Appendicitis - Interdisciplinary cooperation - Cost analysis -
Children

Introduction

Ultrasound (US) is the primary imaging tool to diagnose
suspected appendicitis outside the United States and at some
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pediatric medical centers within the United States [1]. How-
ever where CT is used to diagnose appendicitis, widespread
access to CT and a proven record of accurate diagnosis are
compelling reasons to perpetuate this practice [2]. In our
region of the western United States, hospitals that treat both
adults and children are twice as likely to use CT for diagnos-
ing appendicitis as our facility, a dedicated children’s hospital
(according to a survey of CPT [Current Procedural Terminol-
ogy] codes and diagnosis codes for appendicitis at five re-
gional hospitals within the same health care system as our
hospital). Several pediatric centers in the United States have
reported favorable results using US for diagnosing appendici-
tis [3—5], but none has described the process of moving from a
CT-based protocol to a US-based protocol.

Two major advantages of US over CT are lower cost and
avoidance of ionizing radiation. A direct link between child-
hood radiation exposure from diagnostic CT scans and an
increased cancer risk has been explicitly demonstrated for
leukemia and brain tumors [6]. Ultrasound’s major disadvan-
tage is decreased diagnostic accuracy compared to CT, even
when practiced optimally [7].

Overall CT use in the United States increased significantly
between 1996 and 2010 [8], and CT use during pediatric
emergency department visits in the United States increased
fivefold from 1995 to 2008 [9]. CT-based imaging protocols
for suspected appendicitis persist for reasons including a low
level of confidence in the accuracy of a US report, the assump-
tion that using US is equivocal to delaying the diagnosis, and
concern about increased costs for patients who require both US
and CT. Radiologists and sonographers may be concerned
about their level of proficiency or they may perceive 24-h
coverage of a US practice as undesirable or impossible.

Our institution is an urban, privately owned, free-standing
children’s hospital in the United States with mostly university-
employed pediatric academic physicians on staff. The sur-
geons and emergency medicine physicians are fellowship-
trained in pediatrics and practice exclusively in a pediatric
setting. The pediatric radiology group is nonacademic and
private practice. At our institution we encountered each of
the obstacles described above. This paper describes our im-
plementation, during a 30-month study period, of a successful
and accurate US-based protocol for diagnosing appendicitis.

Materials and methods

We obtained IRB approval to review a new imaging protocol
for appendicitis.

Protocol design and implementation

A protocol incorporating US as a first-line modality and CT as
a secondary modality, as described at other institutions [5],

was proposed by pediatric radiologists. Physicians from pedi-
atric surgery and pediatric emergency medicine were invited
to participate in designing the protocol, and two physician
representatives from each department attended meetings to
discuss how the protocol would be modified for our institu-
tion. We discussed potential obstacles such as diagnostic
mistakes, increased time required to achieve an imaging diag-
nosis, increased patient cost for two imaging studies rather
than one, radiologist and sonographer inexperience, and lack
of overnight staffing.

Surgeons and emergency medicine physicians agreed that
each child suspected of having appendicitis would be exam-
ined by an attending-level physician prior to imaging. All
providers agreed the US protocol would be initially offered
only during daytime hours when pediatric sonographers were
available in-house. The written protocol was distributed to all
physicians from radiology, pediatric surgery and pediatric
emergency medicine and to the pediatric sonographers for
their approval prior to implementation.

The radiologists and sonographers, recognizing their inexpe-
rience with this diagnostic technique, held several didactic lec-
tures and hands-on training sessions with live volunteers. Radi-
ologists agreed to review early cases with as many sonographers
and radiologists as possible to increase diagnostic confidence.

Imaging protocol

The study group comprised pediatric patients presenting with
abdominal pain to an urban pediatric emergency department
who were suspected of having appendicitis and who consented
to participate. Children were examined by a pediatric emergen-
cy medicine attending physician. Children with compelling
clinical evidence of appendicitis (e.g., focal tenderness/
peritonitis in the right lower quadrant, generally with leukocy-
tosis and fever) were then evaluated by a pediatric surgery
attending physician and admitted for surgery without imaging.
Children who presented with right lower quadrant abdominal
pain but with a history and physical exam equivocal for appen-
dicitis underwent sonography of the right lower quadrant.

Sonography was performed by a pediatric sonographer.
The procedure continued for at least 15 min or until a confi-
dent diagnosis was reached. Images were reviewed at the time
of acquisition with a pediatric radiologist, who sometimes
performed additional sonography.

If the sonogram was unequivocally positive, the child was
referred to the surgical service. If the sonogram was unequivo-
cally negative, the child returned to the Emergency Department
with further evaluation at the discretion of the treating physician.
If the US was equivocal, the child underwent pelvic CT.

CT was performed on either a 64-slice or 16-slice scanner
(GE Healthcare, Waukesha, WI). Intravenous and rectal con-
trast media were administered according to a weight-based
protocol. As the protocol progressed and clinicians became
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more confident in US findings, some children were not sent to
CT even after an equivocal US result.

Ultrasound interpretation

Every US report included a numerical designation by the
interpreting radiologist of the likelihood of appendicitis: (1)
unequivocally positive, (2) probably positive, (3) probably
negative or (4) unequivocally negative. These are described
below.

Unequivocally positive for appendicitis

The appendix was visualized with certainty in both longitudi-
nal and transverse sections, meaning the blind-ending tip of
the appendix was seen in both planes (in the absence of a
perforation). At least one of the following features was pres-
ent: (1) the diameter of the appendix was >6 mm, (2) the
appendix was noncompressible, (3) there was increased
echogenicity of the periappendiceal fat. In the case of
appendiceal rupture, the remnant of the appendix was identi-
fied in proximity to a phlegmon or abscess.

Probably positive for appendicitis

The appendix was visualized with a lesser degree of certainty
than described above or not visualized at all. If visualized, the
appendix measurements were variable and inconsistently
>6 mm. Most cases in this category had either periappendiceal
echogenic fat or hypervascularity. Some cases in this category
demonstrated an enlarged appendix but no periappendiceal
fluid or echogenic fat. In some cases, the appendix was not
visualized, but an inflammatory mass was identified in the
right lower quadrant without other apparent etiology.

Probably negative for appendicitis

The appendix was visualized with a lesser degree of certainty
than described above for unequivocally positive cases, or it
was not visualized at all. If visualized, the appendix measured
<6 mm. Many cases in this category had a normal-caliber
appendix that was partly visualized but the tip of the appendix
was not seen with certainty. There was no echogenic fat or
focal (loculated) periappendiceal fluid. If the appendix was
not visualized there were no secondary findings to suggest a
right lower quadrant inflammatory process. Small amounts of
anechoic fluid in the right lower quadrant were sometimes
seen in these children.

Unequivocally negative for appendicitis

The appendix was completely visualized with certainty in
both longitudinal and transverse planes, including its blind
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end. It measured <6 mm and there was no periappendiceal
echogenic fat or hypervascularity.

CT interpretation

For positive cases, the appendix was visualized in its entirety
and was enlarged (>6 mm) or hyperenhancing. Strandy den-
sity in the periappendiceal fat, free fluid, free air and an
appendicolith were considered supportive findings. If the
appendix was not visualized but an inflammatory process or
abscess in the right lower quadrant was identified without
another cause, appendicitis was diagnosed. If the appendix
was visualized and was <6 mm in size, or if the appendix was
not visualized, the study was considered negative if none of
the supportive findings mentioned above were present.

Clinical outcome

Patients’ electronic medical records were reviewed, including
the Emergency Department record, surgical report and pathol-
ogy reports. Children who underwent surgery were considered
to have appendicitis if the surgical and pathology reports were
concordant and positive for appendicitis. Children who did
not undergo surgery were considered to be negative for ap-
pendicitis if there was no subsequent Emergency Department
visit or surgical evaluation within 2 weeks of the initial en-
counter, either at our institution or any other institution within
the same health care system. Based on established regional
referral patterns, it is unlikely children went elsewhere for
treatment of appendicitis missed at our institution.

Cost accounting

Except where otherwise described, costs presented are the cost
to the hospital to provide imaging services and do not include
associated professional fees. The hospital activity-based cost
accounting system assigns unit costs to each activity that is
charged to an individual patient’s account. The unit cost is
derived from a methodology that takes total operating ex-
penses and allocates them to units for all chargeable services
provided. This allocation methodology is reconciled annually
with actual operating expenses. The unit costs are connected
to the hospital charge master. With the identified patient
population, we can see actual cost for providing care across
the continuum, rather than estimating the cost from the charge
master charge and cost-to-charge ratio.

Sonographer experience

Pediatric sonographers who participated in the protocol were
surveyed about their experience. Each sonographer reported
his or her personal experience with sonography of the appen-
dix (as a number of studies performed) before the study. Each
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sonographer was asked to grade his or her personal comfort
level with sonography of the appendix using a five-point
scale. We compared results for this comfort scale from before
and after the study period.

Results

We included 512 children who were evaluated for appendicitis
in the Emergency Department and consented to participate in
the study during the 30-month study period. All 512 children
had sonography. Of these, 187 also underwent CT. CT was
avoided in 63% of patients. During the study period, of all
children who underwent appendectomy, 47% had either US,
CT or both prior to surgery. Fifty-three percent had no cross-
sectional imaging prior to appendectomy.

Of the 512 children enrolled in the study, 176 (34%) went
to surgery. Of these, 2 went to surgery for other pathology
correctly diagnosed on imaging and 174 went to surgery for
appendicitis suspected on imaging. Of the children who went
to surgery for suspected appendicitis, 167 of 174 (96%) had
appendicitis confirmed by operative findings and pathology.
Seven children of 174 without appendicitis at surgery, one had
an appendiceal carcinoid tumor at pathology (intraoperative
diagnosis was acute appendicitis) one had a corpus luteum
cyst, and five had a normal appendix without other patholog-
ical findings. The negative appendectomy rate was 4.0%
(7/174). The perforation rate was 25% (41/167). Of the chil-
dren who left the Emergency Department without surgery,
none returned with appendicitis within 2 weeks to our institu-
tion or to any institution within the same health care system.

Ultrasound results
The US designations of “unequivocally positive” and “prob-

ably positive” were lumped together for data analysis (165
patients total) and considered to be US-positive (Fig. 1). US

designations of “unequivocally negative” or “probably nega-
tive” (347 patients) were considered to be US-negative
(Fig. 2). Using this convention, US alone had a sensitivity of
87% (145/167), specificity of 94% (325/345), positive predic-
tive value of 88% (145/165), and negative predictive value of
94% (325/347) for diagnosing appendicitis.

Combined US and CT results

A combined imaging positive or negative was defined by a
combination of the US and CT (when performed) results, with
the CT diagnosis prevailing in cases where the US and CT
reports offered discrepant opinions. Sensitivity for combined
imaging was 96% (161/167), specificity 97% (334/345), pos-
itive predictive value 94% (161/172), and negative predictive
value 98% (334/340).

Early and late periods

In order to compare changes in sonographer and radiologist
proficiency, patient results were grouped into two 12-month
periods (the first and last 12 months, excluding the middle
6 months). During the first 12-month period, the combined
imaging had a sensitivity of 95% (37/39), specificity of 98%
(132/135), positive predictive value of 93% (37/40), and
negative predictive value of 99% (132/134). The prevalence
of appendicitis during the first 12 months was 22% (39/174).
During the last 12 months of the study the sensitivity was 97%
(95/98), specificity was 95% (166/174), positive predictive
value 92% (95/103), and negative predictive value 98% (166/
169). The prevalence of appendicitis during the last 12 months
was 36% (98/272). There was no statistically significant dif-
ference in these values comparing the early and late periods
(Table 1). There was no statistically significant difference (P=
0.11) in the negative appendectomy rate comparing the first
12 months (4/44) to the last 12 months (3/102) of the study.

Fig. 1 Flowchart shows all

children with a positive US study All patients with positive or probably positive
or a probably positive US study. ultrasound (n=165)
Note children in each category
who avoided CT
~uUs | Positive Probably Positive
Diagnosis n=130 n=35
Yes No Yes No
CT Performed oo ne121 netg ne17
cT Pos Neg Pos Neg
Diagnosis | n=7 n=2 n=8 n=10
Final Pos Neg Pos Neg Pos Neg Neg Pos Neg
D%grg%as'i s Ln=7 n=2 | | n=120 | n=1 n=7 n=1 n=10 [ | n=11 n=6
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Fig. 2 Flowchart shows all
children with a probably negative
US study or a negative US study.
Note children in each category
who avoided CT

All patients with negative or probably
negative ultrasound (n=347)

- Us | Probably Negative Negative
Diagnosis n=246 n=101
CT Performed Yes No Yes No
n=147 n=99 n=13 n=88
CcT Pos Neg Pos Neg
Diagnosis n=18 n=129 n=1 n=12
Final Pos Neg Pos Neg Pos Neg Pos Neg Neg
D?elllgﬁ%alslis n=15 n=3 n=1 n=128| [ n=5 || n=94 n=1 n=12 | | n=s88

Sonographer confidence

On average, each sonographer had performed 16 US studies
of the appendix (range 3-50) before the protocol change in
2009. The average self-described confidence-level score prior
to the study period was 1.2, and no score was higher than 2
(range 1-5, with the lowest being least confident and highest
being most confident). After the 30-month study period, the
average score was 4.8, and no score was lower than 4.

Changes in use of CT

Among children undergoing advanced imaging for suspected
appendicitis at our institution, the rate of CT utilization
dropped from almost 90% to less than 35% during the course
of the study (Fig. 3).

Overall diagnostic accuracy

Throughout the transition, diagnostic accuracy remained un-
changed and was comparable to other published results [7].
According to our own unpublished data, our CT-only protocol
had a sensitivity of 97% (150/154) and a sensitivity of 96%
(379/394) for a 1-year period in 2008-2009 (Table 2).

Cost impact

Using our hospital’s activity-based cost accounting system we
estimated the annual cost to the facility (excluding profession-
al fees) for children who presented with suspected appendici-
tis, comparing the year 2012 to a baseline period of 2007—
2008. With a cost of $102 per US study and $245 per CT
study, in 2012 US replaced CT for 241 children and US was
added as an additional study for 43 children. The cases where
US eliminated a need for CT reduced the cost incurred by the
hospital by $34,559 annually. For the cases where both CT
and US were required, the cost increase to the hospital was
$4,377 annually. The US protocol resulted in a net annualized
cost savings to the facility of $30,182 comparing the baseline
period to 2012.

Discussion
Obstacles
Diagnostic error

Pediatric surgeons who prefer CT over US for suspected
appendicitis may mandate, on the presumption of greater

Table 1 Performance of the US protocol (combined US and CT results) against the clinical diagnosis (combined surgery and pathology result, or clinical
exclusion of appendicitis). Two 12-month periods are compared as described in the text

First 12 months

Last 12 months

Value 95% CI
Sensitivity 95% (37/39) 87.9-100.0
Specificity 98% (132/135) 95.3-100.0
PPV 93% (37/40) 84.3-100.0
NPV 99% (132/134) 96.5-100.0

Value 95% CI P-value
97% (95/98) 93.5-100.0 0.56
95% (166/174) 92.3-98.5 0.26
92% (95/103) 87.1-97.4 0.96
98% (166/169) 96.2-100.0 0.86

CI confidence interval, NPV negative predictive value, PPV positive predictive value
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Fig. 3 Graph shows utilization 350
trends for US and CT at our 300
facility .f(?r. diagnosing %
appendicitis 8 250
s
2 200
c
<
s 150
o
2 100
2
. .—./__/-/'__-
2007 2008 2009 2010 2011 2012
—8—Both 14 13 30 41 61 64
—e—CTOnly 253 295 291 220 137 87
Ultrasound Only 31 51 40 104 187 287

accuracy, that CT be performed prior to appendectomy. We
addressed this concern by reviewing our US protocol re-
sults after the first 30 children (Fig. 4). Radiologists met
with pediatric surgeons and with pediatric emergency med-
icine physicians to share data, images and problematic
cases. We sought to encourage continued protocol compli-
ance by demonstrating the diagnostic accuracy of US. Our
argument was bolstered by no false-positives or false-
negatives in these first 30 children and avoidance of CT
in almost one-third.

Increased time

For emergency medicine physicians the prospect of a CT
to follow an equivocal US examination translates into
longer patient stays. Although this may be an unavoidable
liability of a US protocol in its early stages, we attempted
to minimize delays by asking the emergency medicine
physician to order both US and CT in all children with
suspected appendicitis. Children with an equivocal US
went directly to CT without returning to the Emergency
Department. If the CT was not necessary it was cancelled.
US scanning time was limited to 15 min, and many US
studies achieved an unequivocal diagnosis in less than
15 min.

—@#—Both —@—CT Only Ultrasound Only

Cost

In the early months of our US protocol most children
underwent both US and CT. The combined cost of these
studies is a legitimate concern. But over time our protocol
reduced patient costs. The hospital cost accounting system
revealed a $30,182 annual savings to the hospital to provide
advanced imaging for patients suspected of appendicitis using
the US protocol.

We often reminded our referring physician colleagues that
for a few individual children who undergo both tests, the US-
based protocol will result in greater imaging costs. We be-
lieved that when all practitioners participating in the US
protocol understand that the patient group as a whole and
the hospital are experiencing lower costs, the protocol is more
likely to succeed.

Inexperience of radiologists and sonographers

In 2009 at our facility, the pediatric radiologists’ post-training
work experience ranged 1-25 years. Those who had complet-
ed fellowships more recently were more likely to have re-
ceived US training for suspected appendicitis. Some had
worked at centers where US had been used as a primary
modality for appendicitis, some had not, and none had used
the technique regularly in recent practice. The pediatric

Table 2 Performance of imaging protocols against the clinical diagnosis (combined surgery and pathology result, or clinical exclusion of appendicitis).

The new US protocol is compared with the older CT protocol

US protocol (2009-2012)

CT protocol (2008-2009)

Value 95% CI
Sensitivity 96% (161/167) 93.6-99.2
Specificity 97% (334/345) 95.0-98.7
PPV 94% (161/172) 89.9-97.3
NPV 98% (334/340) 96.8-99.6

Value 95% CI P-value
97% (150/154) 94.9-99.9 0.61
96% (379/394) 94.3-98.1 0.65
91% (150/165) 86.5-95.3 0.35
99% (379/383) 97.9-100.0 0.41

ClI confidence interval, NPV negative predictive value, PPV positive predictive value
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Fig. 4 Flowchart for first 30
patients in the protocol. Numbers
in parentheses are patients in each
category who underwent CT.
Nine patients had an unequivocal
US diagnosis. There were no US

First 30 patients in
protocol (n=30)

diagnostic errors in .these patients. US| Positive Probably Probaply Negative

Eleven patients avoided CT. Note ( C'?Iagrr']fgfrlr?e d) n=5(1) Positive Negative n=4 (1)

that two patients with P n=3 (3) n=18 (14)

unequivocal US diagnosis

underwent CT, and four patients

with equivocal US diagnosis . . — — - — - -

avoided CT F|r]al cllnlpal Positive Positive Negative Positive Negative Negative
diagnosis n=5 n=1 n=2 n=2 n=16 n=4

US Accuracy  100% 33% 89% 100%

sonographers’ post-training work experience ranged 2-31
years. In 2009 our least experienced sonographer had per-
formed three right lower quadrant US studies. Our most
experienced sonographer had performed approximately 50.

The pediatric radiologists and sonographers attended sev-
eral 1-h didactic sessions on US technique, including hands-
on practice scanning with volunteer patients, before starting
the US protocol. Ongoing training for radiologists and
sonographers during the protocol included review conferences
on missed cases or cases where the appendix was not seen.
These review conferences were initially held weekly and then
every 2 months over the first year of the protocol.

Because our radiology department is relatively compact,
radiologists not specifically assigned to US imaging were
asked to briefly interrupt their workflow and come to the US
suite to observe the critical portion of each appendicitis study.
Although this required flexibility from radiologists and
sonographers, the interruptions were brief and of such utility
as to be generally considered worthwhile rather than a nui-
sance. We encouraged multiple sonographers to scan each
patient, we retrospectively shared both positive and negative
studies, and we held inclusive, open discussions about the
protocol. These actions helped to rapidly increase individual
sonographer and radiologist confidence and proficiency.

Overnight staffing

A common challenge for many nonacademic centers is the
non-availability of sonographers or radiologists at certain
hours when US is desired, whereas CT is often immediately
available and more easily interpreted by a radiologist at a
remote location [10]. In 2009 at our institution, US imaging
was immediately available only during weekday daytime
hours. Night and weekend US coverage was on-call and was
offered only for emergent cases. Our private practice radiolo-
gy group does not involve the residents and fellows we train in
overnight call. Both pediatric radiologists and sonographers
knew that a successful US protocol would likely result in
extension of their hospital coverage hours.

@ Springer

The protocol was initially offered only during weekday
daytime hours and for a few hours on Saturday mornings.
After initial success we gradually expanded its availability.
After the first year of the protocol the pediatric radiologists
expanded their in-house coverage to 24/7. Institutional com-
mitment to the protocol allowed us to extend sonographer
coverage, first by extending availability hours into the evening
and later by hiring sonographers to cover a late-evening shift.
These staffing changes were unpopular and therefore were not
mandated at the beginning of the study. Instead, we allowed
the US protocol to prove itself and offered extended staff
coverage only when it made sense. At the end of the study
period US was available at our hospital 24/7 as the primary
imaging modality for suspected appendicitis.

Collaborative approach

Underutilization of US for diagnosing appendicitis has been
described [11, 12]. The obstacles to US we describe above are
not unique to our institution or region. The success of our
protocol was dependent on a healthy working relationship
between pediatric radiologists, pediatric sonographers, pedi-
atric emergency medicine physicians and pediatric surgeons.
All these providers were involved in writing the initial proto-
col and were committed to participation before the study
began. Because our primary motivation was the ALARA
principle (making radiation dose as low as reasonably achiev-
able), obstacles we encountered became topics for discussion
rather than a way to rationalize non-participation. We recog-
nized emergency medicine physicians would need to
(initially) compromise efficiency, surgeons would need to
accept an unequivocal US result as equivalent to an unequiv-
ocal CT result, and radiologists and sonographers would need
to increase their proficiency and availability. Because we
accepted these liabilities at the outset we did not have to
renegotiate compliance with the US protocol at every patient
encounter.

To encourage durable compliance with the protocol we
reviewed our results frequently with pediatric surgeons and
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pediatric emergency medicine physicians. Although children
imaged in the first 12 months of the protocol were more likely
to require both CT and US compared to children in the last
12 months, we experienced an immediate decrease in CT use.
Our referring physicians were uncomplaining when we made
occasional diagnostic errors with US.

Our sonographer survey included this open-response ques-
tion: “What factors were most influential in helping you
improve your ability and confidence finding the appendix
with ultrasound?” Nearly unanimous was this response: “the
team approach to learning.” We sought to share every US
examination with as many radiologists and sonographers as
possible at the time of imaging and interpretation. Moreover,
frequent review sessions provided an additional opportunity
for collaborative sharing that accelerated learning for radiolo-
gists and sonographers. Although workflow patterns and ge-
ography of other imaging departments may not allow real-
time, in-person dialogue about US cases, case-sharing may be
applied in an online or PACS-based format. This would be
particularly important wherever a relative paucity of cases
presents an additional barrier to achieving proficiency.

Radiation reduction

We have documented the success of our US-based protocol
for diagnosing appendicitis in terms of diagnostic accuracy [3]
and hospital costs saved [4]. At least one group has also
attempted to quantify radiation risk, cancer induction, and
fiscal impact on future health and productivity into a cost
assessment of an appendicitis imaging protocol [13]. At our
pediatric institution we benefit from virtually unanimous com-
mitment to the ALARA principle among treating physicians.
With this as the fundamental principle informing our decisions
about imaging children with suspected appendicitis, small
obstacles such as an occasional US diagnostic error,
prolonged Emergency Department stay, and overnight cover-
age were much easier to overcome. Our avoidance of CT in
64% of children is undeniably the most noteworthy measure
of our success.

Conclusion

We demonstrate that even outside of the academic radiology
setting, implementing a successful US-based imaging proto-
col for diagnosing appendicitis is possible. We demonstrate a
preservation of diagnostic accuracy, even in the early stages of

such a protocol, and an immense benefit in cost and radiation
reduction.
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