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Abstract

Purpose The objectives of this study was to assess the performance of ultrasound (US) for suspected appendicitis in adult
patients and to evaluated the additive value of short-interval (within 1 week) computed tomography (CT) or Magnetic Reso-
nance Imaging (MRI) after performing an initial US.

Methods In this IRB-approved, HIPAA-compliant, retrospective study, electronic medical records (EMRs) were queried
for “US appendicitis” performed over a 2-year interval. EMR was reviewed for CT or MRI performed within 1 week of this
exam, and if any new or additional information was available at subsequent exam. White count, patient disposition, and
pathology, if surgery was performed, were also recorded.

Results 682 patients underwent US for appendicitis over a 2-year duration, age range from 18 to 92 years (average: 30.1 years,
M:F=141:541). Findings showed 126/682 patients with normal appendix, 75/682 uncomplicated appendicitis, and 4/682
with complicated appendicitis. When performed, no additional findings were seen in these groups on short-interval CT or
MRI. 2/682 patients had equivocal findings on US but eventually had normal appendix identified on CT. Four hundred and
seventy-three patients had non-visualized appendix, of which only 14/473 (3.1%) eventually had appendicitis.

Conclusions Ultrasound is an effective initial modality for evaluating appendicitis even in adult patients. Once a normal
appendix, uncomplicated or complicated appendicitis is identified on US, no further imaging is necessary. Very few patients
with non-visualization of the appendix eventually have appendicitis. Hence, these patients can be managed with active clinical
follow-up rather than immediate CT or MRI. Symptoms and clinical scoring systems can be used for triage of these patients.
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Introduction

Appendicitis is the most common cause for right lower
quadrant pain (RLQ) and surgical abdomen, most com-
monly presenting with fever and leukocytosis [1]. It is dis-
ease of children and young adults with an estimated annual
incidence of 100 per 100,000 persons per year in Northern
America, with an estimated 378,614 cases in 2015 [2]. In a
study performed on emergency general surgery in the United
Kingdom, appendectomy was the most common surgical
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intervention required in the emergent setting, constituting
13.1% of all the surgeries performed [3].

Imaging is an important part of the work-up of acute
appendicitis. Multiple modalities have been used in its
diagnosis, including ultrasound (US), computed tomogra-
phy (CT), and Magnetic Resonance Imaging (MRI). The
latest ACR appropriateness criteria released in 2018 for
imaging RLQ pain identify CT of the abdomen and pel-
vis with contrast as the primary exam modality (‘“usually
appropriate”) for work-up of suspected appendicitis, with
US being categorized as a secondary modality (“may be
appropriate”) [1]. CT has been the conventional modality
which has been shown to have an excellent sensitivity and
specificity for diagnosing acute appendicitis with sensitiv-
ity ranging from 85.7 to 100%, and specificity ranging from
94.8 to 100% [4, 5]. MR imaging has been recently shown
to have a comparable performance to CT [6]. Diagnostic
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accuracy with ultrasound has been reportedly more variable.
While ultrasound has been reported to have lower sensi-
tivity compared to CT and MR, ranging from 76 to 83%,
it has other advantages, particularly the lack of radiation
[7-9]. In a study of patients aged 2—-30 years, Imler et al.
demonstrated that ultrasound is more inconclusive than
rapid MRI, however is more time-efficient and less costly
than rapid MRI, even considering some inconclusive stud-
ies after US imaging [10]. Despite the potentially higher
incidence of inconclusive results with ultrasound compared
with CT and MRI, its advantages are that it is the most
widely available modality on a global scale and has been
noted to have the quickest turnaround time, even in tertiary
centers. Second-line imaging may become necessary in the
event of inconclusive ultrasound results [1, 11]. Eng et al.
recently conducted a meta-analysis, which showed US, CT,
and MRI all have comparable and high accuracy in helping
to diagnose appendicitis in children and adults, including
pregnant women and suggested that any of the three modali-
ties may be valid as second-line imaging in a clinical imag-
ing pathway for diagnosis and management of appendicitis
when necessary [11]. However, even in this meta-analysis,
the number of studies evaluating ultrasounds in adults was
small compared to pediatric studies [11].

At our institution, many adult patients undergo ultra-
sound of the appendix for the initial evaluation of suspected
appendicitis. The usefulness of additional CT or MR imag-
ing after initial ultrasound has not been well studied, and
there is premise in the literature that this practice is rel-
evant to emergency departments across the globe [11]. In
this study, we attempted to assess the performance of ultra-
sound for suspected appendicitis in a population of adult
patients. We evaluated the additive value of short-interval
CT or MR for the diagnosis of appendicitis after performing
an initial ultrasound. Specifically, we reviewed cases with
an ultrasound result positive for appendicitis, cases with an
ultrasound result negative for appendicitis, and cases with
lack of visualization of the appendix with ultrasound. We
expected that ultrasound may be a good initial screening
test, when there is suspicion of acute appendicitis, even in
an adult population.

Materials and methods
Patient selection

In this IRB-approved, HIPAA-compliant study, an archive
of radiology reports was retrospectively queried for stud-
ies designated as “Ultrasound Appendix” over a 2-year
period. Patients younger than 18 years of age were excluded.
Informed consent was waived due to the retrospective nature
of the study. Electronic medical records were queried to
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determine if second-line imaging with either CT or MRI
was performed within 1 week of the initial ultrasound exam.
Initially, the radiology reports were initially reviewed and
sorted by a medical school student. US, CT, and MR imag-
ing was subsequently reviewed by a radiologist with 5 years
of abdominal imaging and ultrasound experience, who was
blinded to the final diagnosis and outcome of the patients.

Ultrasound technique and imaging evaluation

At our institution, exams designated as “Ultrasound Appen-
dix” are focused right lower quadrant ultrasounds performed
with graded compression technique focused on the appendix.
Curved 2-6 MHz and Linear 9 MHz probes are most com-
monly used to evaluate the patients based on body habi-
tus. The sonographers scan the patient in a supine position,
from the inferior liver margin to the pelvis and search the
appendix. Identification of the ileocecal junction is also a
useful landmark near the expected origin of the appendix.
If the appendix is not identified in the supine position, left
posterior oblique imaging is performed in the left lateral
decubitus position and increases identification of retrocecal
appendices. During the exam, patients are asked to point
to the area of maximum pain and dedicated images at this
location are recorded and annotated as the area of maxi-
mal tenderness. Routine endovaginal imaging is not per-
formed as a part of the appendix protocol. At our institution,
exams are performed by sonographers and are checked in
real time by a radiologist before the patient is released from
the department. Images are first obtained by sonographers,
including dynamic cine clips and then reviewed by radiolo-
gists. Radiologists may choose to scan and obtain additional
images, based on their discretion. Findings suspicious for
acute appendicitis, which were evaluated on US included
a transverse dimension measured from the serosa of more
than 8 mm in diameter, wall thickening, non-compressibility
of the appendix, focal sonographic tenderness, free fluid,
echogenic peri-appendiceal fat, and appendiceal wall hyper-
emia on Doppler imaging. The most commonly accepted
threshold for acute appendicitis in the literature is 8 mm,
non-compressible appendix. Appendices measuring 6 mm
or less are almost always normal [12, 13]. Our departmen-
tal protocols use the measurement of 8 mm and 6—8 mm
as borderline dilated [12, 13]. Additional findings such as
non-compressibility of the appendix, presence of appendi-
coliths, free fluid, echogenic peri-appendiceal fat, and spe-
cially tenderness over the appendix further substantiate the
sonographic suspicion of appendicitis (Fig. 1).

Review of ultrasound imaging

The radiology reports available in PACS for these studies
were reviewed and classified by one student as
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Fig. 1 Twenty-nine-year-old
woman with acute onset right
lower quadrant (RLQ) pain.

a and b Graded compression
sonographic evaluation of the
RLQ demonstrates a dilated

(8 mm, calipers) blind ending
structure, compatible with the
appendix. The appendix was
non-compressible on dynamic
evaluation. Echogenic peri-
appendiceal fat (asterisk) repre-
senting inflammatory changes in
adjacent fat is also present

Normal appendix

Acute appendicitis without complications

Acute appendicitis with complications

Appendix identified with findings equivocal for appen-

dicitis

5. Normal appendix visualized with alternate diagnosis
identified on US

6. Non-visualization of the appendix with alternate diag-
nosis identified on US

7. Non-visualization of the appendix without alternate

diagnosis identified on US.

Eal e e

RLQ AREA OF PAIN

RLQ AREA OF PAIN ? END

L 0.84 cm|

CT and MRI technique and imaging evaluation

CT or MR imaging performed within 1 week of the initial
ultrasound was included. Multidetector CT was performed
with 64-detector row scanners (GE Healthcare). Intrave-
nous contrast was administered to all patients who under-
went CT and 150 mL of iohexol was injected via a power
injector at a rate of 3 mL/s. Imaging was performed in
the portal venous phase of enhancement (70 s delay) with
anatomic coverage from the diaphragm through the pelvis.
Images were reconstructed at 1.25 and 2.5 mm thickness.
Coronal and sagittal reformats were performed at a 2 mm
slice thickness. CT signs of appendicitis included thick-
ened, hyperenhancing appendix, surrounding fat stranding,
and/or free fluid.
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Our MR appendicitis protocol includes Multiplanar
SSFSE sequences, axial and sagittal T1 non-fat saturated,
T2-fat saturated, and diffusion-weighted images. On MR
imaging, peri-appendiceal T2-hyperintensity was seen with
around a fluid-filled appendix. Fat stranding is also be identi-
fied on T1-weighted images as T1-dark bands on the back-
ground of normal T1-hyperintense fat [6, 14].

Review of CT and MR imaging

CT and MR reports were reviewed by a single reader to
assess whether the exam added value by providing addi-
tional information that affected management. This included
instances of discordance between the initial US interpreta-
tion and a subsequent CT or MR interpretation. Additionally,
cases where the appendix was not visualized at ultrasound
or appeared equivocal were evaluated as to whether CT or
MR provided a definitive diagnosis.

Clinical follow-up

Electronic Medical Records (EMRs) were also reviewed by
a student to determine the patient’s white blood cell (WBC)
count at presentation, and their clinical disposition: (1) dis-
charge home without additional treatment, (2) discharge
with antibiotics, (3) inpatient admission without surgery,
(4) inpatient admission with appendectomy (and surgical
pathology), or (5) return to the emergency department within
a week of discharge. When appendectomy was performed,
surgical pathology results were also recorded.

Statistical analysis

Descriptive statistics were performed. Sensitivity, specific-
ity, positive and negative predictive values were calculated
for the scenarios where an appendix was visualized as well
as for the entire cohort. For the statistical analysis involv-
ing the entire cohort, non-visualization of the appendix on
US was treated as negative for sonographic evidence of
appendicitis.

Results

A total of 682 patients underwent US evaluation for appendi-
citis over a 2-year duration. The ages of these patients ranged
from 18 years to 92 years (median age: 28 years, average
age: 30.1 years). There were 541 females in the cohort and
141 males. 23 of the women were pregnant (gestational age
ranging from 5 weeks 3 days to 35 weeks 6 days) (Table 3).

The distribution of initial ultrasound results are reported
in Table 1. The additive values of subsequent CT or MR are
presented in Table 2.

e Normal appendix with no alternate diagnosis identified
on US A total of 124/682 (18.2%) patients had a nor-
mal appendix at initial ultrasound imaging (Table 1).
Of these, 99/124 (80%) had no additional imaging per-
formed. 25/124 (20%) patients underwent a subsequent
CT where a normal appendix was confirmed (Table 2)
and no patients had a CT or MRI demonstrating acute
appendicitis. Only one of these 124 patients returned to
the ER within 1 week for additional similar complaints.
The patient who returned to the ER was diagnosed with
uncomplicated pyelonephritis.

e Normal appendix with alternate diagnosis identified
on US 2 additional patients had an alternate diagnosis
(enteritis) identified on US in addition to visualization
of a normal appendix (Table 1). Both of these patients
underwent subsequent CT, where enteritis was re-dem-
onstrated (Table 2). They were treated with antibiotics
and discharged home.

e Acute appendicitis without complications Ultrasound
findings of uncomplicated appendicitis were identified
in 74/682 (11%) patients (Table 1). Of these, 47/75 (64%)
of patients did not have any additional imaging and went
directly to surgery. Uncomplicated appendicitis was con-
firmed during surgery and at surgical pathology in all
patients. None of these patients had additional findings
during surgery and underwent uneventful appendec-
tomy. 27/75 (36%) patients underwent subsequent CT,
and one pregnant woman received subsequent MR imag-

Table 1 Summary of initial
ultrasound findings in 682
adults

Ultrasound findings Adult patients
n=682 (%)

Normal appendix with no alternate diagnosis identified on US 124 (18.2)
Normal appendix visualized with alternate diagnosis identified on US 4 (0.6)
Acute appendicitis without complications 75 (11.0)
Acute appendicitis with complications 4 (0.6)
Appendix identified with equivocal findings for appendicitis 2(0.3)
Normal appendix not visualized with alternate diagnosis identified on US 14 (2.1)
Non-visualization of the appendix without alternate diagnosis 459 (67.3)
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Table 2 Distribution of patients based on US and CT findings
Initial ultrasound findings No sub- CT/MR with normal appendix CT/MR with
sequent appendicitis
imaging
Normal appendix (n=124) 99 25 0
Uncomplicated Appendicitis (n="75) 47 3 25
Appendicitis with complications (n=4) 0 0 4
Appendix identified with equivocal findings for appendicitis (n=2) 0 2 0
Normal appendix visualized with alternate diagnosis identified on US (n=4) 0 4 0
(Alt. dx in 2/4)
Normal appendix not visualized with alternate diagnosis identified on US (n=14) 6 8 0
Non-visualized appendix without alternate diagnosis on US (n=459) 290 155 14

(Alt. dx in 23/155)

Table 3 Appendix visualized at ultrasound: correlation between ini-
tial US diagnosis and eventual diagnosis based on surgical outcomes
and clinical follow-up

Normal appendix (%) Appendicitis (%)

US positive (n="79) or 5/81 (6) 76/81 (94)
equivocal (n=2) for
appendicitis

US negative for appendi- 128/128 (100) 0/128 (0)
citis (Normal appendix
on US)

Appendix not identified 459/473 (97) 14/473 (3.0)
at US

ing (1/75, 1%). The single patient who underwent sub-
sequent MR had uncomplicated appendicitis confirmed.
24/27 patients who underwent subsequent CT had acute
appendicitis confirmed. No additional findings of perfo-
ration or other complications were identified on CT. 2/27
patients were subsequently found to have normal appen-
dices on CT without inflammatory changes, constituting
false positive on US. (Table 2). Both the patients had
normal white blood cell count. One patient had a dilated
appendix measuring 8 mm in diameter at the midportion
but with the normal measurement of the remaining seg- °
ments. One patient with invasive cervical cancer had her
appendix dilated to 8 mm but with no focal tenderness
or hyperemia.

e Acute appendicitis with complications 4/682 (0.6%)
patients had appendicitis with perforation identified on
US (Table 1). The presence of perforation was confirmed
by abscess in 2 cases and suggested by a large amount
of adjacent free fluid on 2 other cases. All 4 of these
patients had subsequent CTs, which confirmed the US
findings (Table 2). Findings were subsequently con-
firmed at surgery and surgical pathology as well.

e Appendix identified with findings equivocal for acute
appendicitis In 3/682 (0.4%) patients, the appendix was

identified on US but the findings were equivocal for acute
appendicitis (Table 1). In two patients with focal right
lower quadrant tenderness, the appendix was 6 mm but
non-compressible and not hyperemic. In another patient,
the appendix measured 10 mm but was compressible
without focal tenderness in the right lower quadrant. All
the three patients underwent subsequent CT demonstrat-
ing no evidence of acute appendicitis (Table 2). Addi-
tionally, the white blood cell count was normal in both
patients.

Non-visualized appendix with alternate diagnosis iden-
tified on US Although an appendix was not identified,
other alternate etiologies for abdominal pain were iden-
tified on US in 14/682 (2%) patients (Table 1). These
diagnoses included 2 hemorrhagic ovarian cysts, 1 ovar-
ian torsion, 1 hydrosalpinx, 1 transverse colitis, 1 cecal
diverticulitis, 1 sigmoid diverticulitis, 3 enteritis, 2 ter-
minal ileitis, 1 cholelithiasis without cholecystitis, and 1
large RLQ mass. Eight of these patients underwent CT
(Table 2) where the proposed sonographic diagnosis was
confirmed (1 transverse colitis, 1 cecal diverticulitis, 1
sigmoid diverticulitis, 2 enteritis, 2 terminal ileitis and
1 large RLQ mass). Appendicitis was never seen on CT
for these patients.

Non-visualized appendix without alternate diagnosis
identified on US The majority of our patients fell in this
category with 459/682 (67.3%) patients having inconclu-
sive results and non-visualized appendix at ultrasound.
Of these, 290/459 (63.1%) had no further imaging work-
up and no subsequent diagnosis of appendicitis (Table 1).
165/459 (35.9%) patients underwent subsequent CT and
4/459 (0.9%) pregnant patients underwent subsequent
MR imaging. Overall, 14/459 (3.1%) patients with a
non-visualized appendix and no clear alternate diagno-
sis at US were eventually diagnosed with appendicitis
(Table 2). 169 patients who had subsequent CT or MR
imaging and 14/169 (8.3%) had appendicitis subse-
quently diagnosed, compared to 155/169 (91.7%) patients
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who had a normal appendix visualized (Table 2). Of the
14 patients with acute appendicitis, 8 had an elevated
WBC count and 6 had a normal WBC count. An alter-
nate diagnosis apart from appendicitis was identified on
CT in 21/169 (13.6%) patients (5 sigmoid diverticuli-
tis, 2 enterocolitis, 5 right pyelonephritis, 1 gastritis, 1
right renal abscess, 3 PID, 1 omental infarct, 2 epiploic
appendagitis, and 1 necrotizing pneumonia). One MR
in a non-pregnant woman showed endometritis. One/4
(25%) of the MRIs in a pregnant woman showed an alter-
nate diagnosis of pyelonephritis. No MRIs showed con-
comitant appendicitis.

Overall, when the initial ultrasound result was positive
or had equivocal findings for appendicitis, 76/81 (94%) of
patients were confirmed to have appendicitis. When the ini-
tial ultrasound was negative for appendicitis, 0% of patients
had a subsequent imaging or clinical diagnosis of appendi-
citis. In cases where the appendix could not be identified
by ultrasound, only 3% (14/473) were eventually diagnosed
with appendicitis (Table 3).

Based on our results, the overall sensitivity and specific-
ity of ultrasound for appendicitis in an adult population was
84.4% (C175.3-91.2%), specificity 99.2% (CI 98.0-99.7%),
positive predictive value 93.8% (CI 86.3-97.3%), and NPV
of 97.7% (CI 96.3-98.5%). The accuracy was 97.2% (CI
95.7-98.3%).

When the appendix was visualized at ultrasound, the
specificity was 98.7%, the positive predictive value was
93.8% (CI 86.6-97.3%), and NPV was 100%. The accuracy
was 97.6% (CI 94.5-99.2%).

Special attention was paid to the subgroup of pregnant
women (Table 4). In this group as well, most commonly
the appendix was not visualized on US (12/23 patients).
Four of these patients underwent MR imaging, where a
normal appendix was identified in all cases. One showed an
alternate diagnosis of pyelonephritis. In our cohort, none
of the pregnant women who underwent MR imaging after
an inconclusive US had evidence for appendicitis. When a
normal appendix was identified, no further imaging was per-
formed and the patients were discharged home and remained
uneventful without return to ER over the next 3 days. In two
patients, appendicitis was identified on US, of which one

underwent MR imaging. Appendicitis was confirmed on the
MR as well.

Discussion

Utilization of CT after initial US performed is a common
practice in the emergency department both during daytime
hours and after hours [15]. However, our results show that
ultrasound is an effective modality for initial evaluation of
acute appendicitis, even in adult patients. Importantly, a
very small minority of acute appendicitis cases (3.1%) were
missed due to a false-negative ultrasound. To the best of our
knowledge, this is the largest study evaluating ultrasound for
appendicitis, specifically in an adult population.

Our study suggests that once a normal appendix is iden-
tified on US, no further imaging with CT is necessary.
Ultrasound was 100% accurate when a normal appendix
was identified. When an ultrasound is positive for appendi-
citis, further imaging comparison with CT or MR imaging,
may not be necessary. Avoidance of this additional imaging
could increase efficiency of care and decrease health care
costs. Our results are concordant with Koo et al. where ini-
tial sonography was determined to be as effective as CT in
pediatric patients with suspected acute appendicitis when the
results are definite. They suggested that supplementary CT
should only be considered when sonography is inconclusive
[16]. Ultrasound also performed as well as CT in identifying
alternate causes of RLQ pain when appendicitis was absent.

Ultrasound identified all four cases of complicated appen-
dicitis; however, the authors acknowledge that this is a very
small number. There was a small false-positive rate for ultra-
sound diagnosis of uncomplicated appendicitis with 5/81
(6%) of cases, which were positive or equivocal at ultra-
sound and normal appendix at subsequent CT. Therefore,
CT did confer some benefit in a small proportion of patients
with positive ultrasound, particularly those with equivocally
positive findings.

Our results also showed that once appendicitis was con-
firmed on US, no additional complications such as perfora-
tion or abscess were identified on CT. These results were
confirmed surgically and pathologically. It is known that
delays in care can lead to increased risk of complications,

Table 4 Distribution of

L Ultrasound findings MR not performed MR performed with ~ MR performed
pregnan;pat'lents based on US normal appendix with appendi-
and CT findings citis

Normal appendix (n=5) 5 0 0
Appendicitis (n=2) 0
Non-visualized appendix without alternate 12 4 0

diagnosis on US (n=17)

Alt Dx-1 (pyelone-
phritis)
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which increases with the length of overall hospital stay and
is potentially added to by unnecessary additional imaging
[17]. A delay of 6-12 h increases the risk of surgical site
infection and delays longer than 24 h can lead to higher odds
of complicated appendicitis [17]. Our results are also sup-
ported by studies performed in children, where ultrasound
was thought to be sufficient to diagnose complicated appen-
dicitis [18].

As expected, a study performed by Pelin et al. in France
has shown advanced age, high BMI, atypical appendix loca-
tion, and complicated appendicitis to be associated with non-
visualized appendix and inconclusive ultrasounds [19]. In
our study, when the appendix was non-visualized appendix
at US, only 3.1% of patients were subsequently diagnosed
with appendicitis. This is similar to the approximately 2% of
patients who are eventually found to have appendicitis when
the appendix cannot be visualized at CT [20-22]. Thus, we
concur with Srinivasan et al. that non-visualization of the
appendix on US does not equate to a non-diagnostic exam
[23]. These results are discordant with Kelly et al. who
showed that almost a half of pediatric patients have appen-
dicitis in the setting of non-visualized appendix, and that CT
or MR imaging may be subsequently indicated in this popu-
lation [24]. Our results are also discordant with Williamson
et al. who evaluated the outcomes of non-visualized appen-
dix on ultrasound in pediatric patients and found that 11.9%
of patients with non-visualized appendix eventually had
appendicitis [25]. In our cohort, only 3.1% of adult patients
with non-visualized appendix subsequently had appendi-
citis. This discrepancy could be explained by differences
in ultrasound technique, differences in pre-test probability
differences between the adult and pediatric patients under-
going US for appendicitis evaluation, as well as changes in
ordering patterns in emergency departments, with a larger
number of young adults getting US for initial evaluation. In
a subgroup of our patients with non-visualized appendix and
subsequent imaging performed, 8.3% (14/169) of patients
were found to have appendicitis. These likely were patients
where the clinician was sufficiently concerned and wanted
to pursue additional imaging.

In the situation of a non-visualized appendix, our recom-
mendations coincide with that of previous authors [19, 20],
in that the patient should be managed with active clinical
follow-up rather than immediate CT [26]. This was deemed
appropriate in prior studies despite a higher percentage of
patients with eventual diagnosis in their cohorts. Per Malia
et al. when the appendix is not visualized on US, predic-
tors for appendicitis include the presence of inflammatory
changes in the RLQ, an elevated white count and C-reactive
protein and abdominal pain < 3 days [27].

Compared to other studies, Koo et al. only included
patients who had both US and CT within 12 h and our study
extended the observation to one week for patients who did

not have a CT after initial US [16]. Our study included all
patients who had US for appendicitis and clinical follow-
up was used for patients who did not have further imaging.
Pelin et al. included only patients with acute appendicitis
[19] and Kelley et al. included only patients who had appen-
dectomies [24]. Our follow-up duration (1 week) was same
as Williamson et al. [25] but lower than that of Stewart et al.
(2 months) [26]. However in the latter study’s cohort, the
average duration between the US and subsequent CT was
3 h for patients found to have appendicitis and 4.4 h for
those without appendicitis, with a range of 0.4 to 43.7 h
[26]. Hence, our follow-up duration of one week should have
captured most patients with acute appendicitis.

To decrease radiation exposure to young people, authors
have recommended limited field of view CT imaging after
an inconclusive US [28]. When reliable post-discharge fol-
low-up is possible, clinical decision scores can be used to
augment non-diagnostic or inconclusive ultrasound results
to avoid second-line CT or MR imaging in the emergency
department [29]. Our results differ from another study per-
formed by the same group, where US underdiagnosed per-
forated appendicitis as simple non-complicated appendicitis
[30]. A total of four cases of perforated appendicitis were
noted in our cohort. Although the sample size is small, once
complicated appendicitis was diagnosed, no further compli-
cations were noted either on short-interval CT or surgical
correlation.

The additional value of assessing white blood cell count
further augments the results from the ultrasound. Corkum
et al. have proposed that an abnormally elevated white blood
cell count can be used to determine the need for MR imag-
ing in children, when US results are equivocal [31]. In our
cohort, a normal white blood cell count was present in some
patients with appendicitis, and hence when used alone, this
was not a good predictor to guide the use of CT in patients
with non-visualized appendix on ultrasound. Similar prin-
ciples and additional clinical scoring systems such as the
Alvarado score can be applied in adults to assess the need for
CT or MR imaging after an inconclusive ultrasound study
[23, 32].

Limitations of our study include the retrospective nature
and variability in ultrasound technique as it was performed
by different sonographers. However, the authors feel that
this is closely reflective of the practice in community, where
individuals with variable levels of expertise will be involved
in the imaging of these patients. Studies have shown that
sonographer expertise can be improved by education on sec-
ondary signs such as echogenic peri-appendiceal fat in addi-
tion to looking for the appendix itself [33]. The results could
also be biased based on the ordering behavior of our emer-
gency department physicians, again something that may be
seen across multiple practices. Also, for reference standard,
lack of appendicitis was based on clinical follow-up within 1
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week based on review of our institutional Electronic Medical
Records (EMRs). Our analysis would miss any patient, who
would have been admitted elsewhere with appendicitis or
presented more than a week later with appendicitis. How-
ever, as discussed above, 1-week follow-up is mostly reason-
able based on results of prior studies, where patients were
found to have appendicitis after a non-visualized appendix
on ultrasound [26].

Hence, in conclusion once a sonographic diagnosis of
normal appendix or uncomplicated or complicated appen-
dicitis is diagnosed on ultrasound, further imaging for
appendicitis does not change the diagnosis prior to surgery.
If the appendix is not visualized, a very small percentage
of patients may still have acute appendicitis. The majority
of these patients too can be managed expectantly, and CT
can be performed as warranted on an individual basis by
patients’ clinical symptoms and clinical scoring symptoms.
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