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Abstract

Purpose To determine the diagnostic accuracy of focused appendiceal CT as a feasible alternative to the standard CT of the
abdomen and pelvis (CT-AP) in patients with suspected acute appendicitis.

Methods Retrospective review of 200 adults with suspected acute appendicitis between January and October 2016 were
included in this study. Each patient underwent CT-AP with oral and intravenous (IV) contrast. A subset of axial images start-
ing at the top of L4 vertebral body to the roof of the acetabula were obtained from each study which served as the focused
appendiceal CT. After review of the focused CTs, the non-focused CT-AP scans were reviewed, each patient acting as their
own control. Images were assessed for ability to identify the appendix, assess for appendicitis, or identify alternative diag-
noses that could account for the presenting symptoms.

Results Of 200 cases, the appendix was visualized in the focused CT in 191 patients. In nine studies, the appendix was not
visualized in focused or standard CT-AP. Using focused CT, 42 cases were positive for acute appendicitis. This result was
identical when reviewing standard CT-AP. Alternative diagnoses were present in 38 patients. Using focused CT, 14 of these
were not fully covered but the readers were able to make the diagnoses confidently on the focused CTs. Only one patient had
acute non-appendiceal pathology mostly outside of the field of view.

Conclusions Focused appendiceal CT with IV and oral contrast in the setting of clinically suspected appendicitis is a suit-
able alternative to conventional CT-AP.
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Introduction equivocal which can lead to delay in diagnosis which in turn

can lead to perforation and increased patient morbidity [3].

Acute appendicitis is one of the most common diagnoses
in acute care surgery with an incidence of 84.2 per 100,000
[1]. It is thought to be caused by obstruction of the appendi-
ceal lumen that leads to intraluminal hypertension, bacterial
proliferation, vascular compromise, necrosis, and subsequent
perforation [2]. Typical clinical presentation of acute appen-
dicitis includes abdominal pain which is initially perium-
bilical and subsequently becomes well-defined, localizing to
the right lower quadrant. It is often associated with loss of
appetite, fever, nausea, vomiting and leucocytosis. However,
presentation can often be non-specific and the clinical signs
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Although history and physical examination is the corner-
stone of diagnosis, imaging now plays a crucial role in the
assessment of acute appendicitis. From 1998 to 2007, there
was a steady decrease in the number of negative appendec-
tomies, which are not without morbidity, suggesting a pos-
sible correlation with increased use of diagnostic imaging
[4]. Multiple subsequent studies including a study by Drake
et al. showed decreased rates of negative appendectomies
with increasing use of diagnostic imaging with no significant
change in rates of perforation from 2006 to 2011 [5].

The main imaging modalities used in diagnosing acute
appendicitis is ultrasound (US) and computed tomography
(CT). Extensive work has been done to compare specificity
and sensitivity between these two modalities which have
demonstrated that CT is superior to US in most cases [6, 7].
CT is especially useful in identifying alternative diagnoses
in the setting of suspected acute appendicitis [8] and is now
the test of choice in the most recent American College of
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Radiology (ACR) Appropriateness Criteria evidence-based
guidelines for suspected acute appendicitis [9]. The most
commonly used protocol is CT of the entire abdomen and
pelvis (CT-AP) with intravenous (IV) and oral contrast [10].

A major drawback of CT is ionizing radiation. Improve-
ments in CT technology have resulted in decreased radiation
dosages with better diagnostic yield. In the setting of sus-
pected acute appendicitis, in efforts to further reduce radia-
tion exposure, focused appendiceal CT has been suggested
with variable results [11-14].

The purpose of this study was to evaluate whether focused
appendiceal CT with oral and IV contrast is a feasible alter-
native to the standard CT-AP in adult patients who presented
with suspected acute appendicitis.

Materials and methods

Institutional review board approval was obtained and
informed consent was waived due to the retrospective nature
of the study.

Patients

A computer-based imaging database (Montage™) was
used to retrospectively identify 200 consecutive patients
(117 female and 83 male; mean age, 44 years; age range,
16-92 years) that were referred from the Emergency Depart-
ment with suspected acute appendicitis (i.e. the clinical his-
tory provided in the requisition indicated that appendicitis
was the primary differential consideration) between January
2016 and October 2016. Patients less than 18 years old and
patients with pre-existing Crohn’s disease were excluded
from the study.

CT technique

All patients underwent routine CT-AP with oral and IV
contrast which was considered the gold standard. The scan
spanned from the diaphragm to the ischial tuberosities.
Contrast preparation involved oral administration of 500 cc
diluted Gastrograffin 37% Solution (Bracco Diagnostic)
which was administered 1 h prior to the scan, as well as IV
contrast material (80 cc Visipaque 270). The CT-AP exami-
nations were performed in the supine position with MDCT
scanner (LightSpeed 64 and Optima 64, General Electric
Medical Systems, Milwaukee, WI). A subset of axial images
from the standard CT-AP, starting at the top of L4 vertebral
body to the roof of the acetabula (approximately 15 cm field
of view) was obtained from each study. Sagittal and coronal
reformats through the same region were also included. These
images served as the focused appendiceal CT.
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Imaging analysis

All 200 focused appendiceal CT studies were anonymized
and interpreted by a fellowship-trained abdominal radi-
ologist (P.A.V. with 13 years experience) and radiology
resident (M.T. with 2 years experience) independently. The
radiologists were blinded to the electronic health records,
including laboratory findings, surgical notes, pathology
results and CT reports.

The studies were evaluated for visualization of the
appendix (indicating yes or no), whether it was visual-
ized in its entirety or partially, and for features of acute
appendicitis. The scans were also assessed for the ability
to detect any acute pathology other than appendicitis that
could account for the presenting symptoms such as enteri-
tis, colitis, ureteric calculi etc. The focused appendiceal
CT was considered positive for appendicitis if the appen-
dix had thickened wall and was dilated with a maximum
diameter greater than 6 mm, with or without associated
peri-appendiceal inflammatory changes such as stranding,
phlegmon or collections. The CT was considered negative
for appendicitis if the appendix was thin walled, measured
less than 6 mm in diameter and there was no peri-appen-
diceal inflammation. When the appendix was not visual-
ized, absence of peri-appendiceal inflammation was also
interpreted as negative for appendicitis.

In a separate reading session, the CTs of the entire
abdomen and pelvis were analyzed and the findings were
again recorded independently. Any pathology related to the
patient’s clinical findings identified outside of the afore-
mentioned focused assessment was considered a missed
diagnosis. Data from the focused and standard CT exami-
nations were compared. Although the hospital course
of patients was reviewed through the electronic medical
record, including operative reports, surgical pathology
results and follow-up clinic notes, our focus was not to
test the diagnostic accuracy of CT in the evaluation of
suspected appendicitis but to compare diagnostic reports
of focused appendiceal CT with those of the standard and
most commonly used protocol, full abdominopelvic CT
with IV and oral contrast.

Results
Visualization of the appendix

Of the 200 cases, the appendix was identified in 191 (96%)
patients with focused appendiceal CT. The appendix was
fully visualized in 186 of these patients and partially visu-
alized in 5 patients. Of note, the resident did not visualize
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the appendix in two of the studies, however, both studies
were considered to be negative for appendicitis. In these
two cases, consensus was reached between the two readers
regarding the presence of the appendix. None of the par-
tially visualized appendices were inflamed. The appendix
was not identified in nine patients, even after review of the
images encompassing the entire abdomen (Fig. 1).

Diagnostic accuracy

Of the 200 focused scans, 42 (21%) were interpreted posi-
tive for acute appendicitis and 158 were interpreted nega-
tive (79%). Of the 42 cases of appendicitis, the inflamed
appendix was partially visualized in three patients. In these
three cases, only a few millimetres of the appendix were not
included and no important additional findings such as free
air or abscess were present outside the scanning field upon
review of the CT-AP. Standard CT-AP revealed appendici-
tis in the same 42 patients. Histopathologic confirmation
of acute appendicitis was obtained in 26 of 42 cases who
underwent surgical management. The 16 remaining cases
of appendicitis were managed conservatively. There were
no cases where a normal appendix was removed.

Diagnostic accuracy for non-appendiceal
pathologies

Acute pathology other than appendicitis was identified in
38 patients (19% of 200 patients and 24% of 158 patients
without appendicitis). The diagnoses included colitis in 13
patients, diverticulitis in seven patients, epiploic append-
agitis in four patients, enteritis/ileitis in three patients,
urinary tract pathology in five patients and gynecological
pathology in four patients (Fig. 2). There was one case of
cecal carcinoma and one instance of iliopsoas abscess, as
outlined in Table 1. The exact etiology of the iliopsoas
abscess was never identified and the appendix was normal
on this scan.

Appendix Seenin
Focuused CT?

1
| 1

Yes(n=191) No (n=9)

PamallwauallzedJ_ Fully Visualized isualized outside
of limited view
(n=5) (n=186)

(CT--AP)?

Yes(n=0) J.

Fig. 1 Visualization of the appendix in focused appendiceal CT ver-
sus CT-AP. CT-AP CT of the abdomen and pelvis

No (n=9)

Of the five cases with urinary tract pathology, two had
right ureterovesical junction stone, one patient had cystitis
and two patients had thickening and hyperenhancement of
the ureter with associated peri-ureteric stranding, presum-
ably secondary to recent passage of a stone. In these two
cases, a ureteric stone was not identified either in the focused
or CT-AP studies. The four cases with gynecological find-
ings included two cases of tubo-ovarian abscess and two
cases of ovarian lesion which were further evaluated with
transvaginal US.

The non-appendiceal acute diagnoses were accurately
made using focused appendiceal CT in 37 (97%) of these
cases. In 14 patients, the pathology extended cranial to
the focused CT field (above the superior endplate of L4);
however, focused CT assessment secured the diagnosis
regardless of partial visualization. In a single case, focused
appendiceal CT identified free fluid and stranding around
the hepatic flexure, however, the segment of thickened colon
was outside the scanning field, this case was considered a
missed diagnosis (Fig. 3). No patient had acute pathology
exclusively outside the boundaries of the focused appendi-
ceal CT. There were no discrepancies between the readings
of the two radiologists although it took the resident approxi-
mately three times longer to interpret the scans.

Discussion

Appendectomy is the most common emergency abdominal
surgery in North America with over 300,000 cases in the
United States alone in 2010 based on Centers for Disease
Control and Prevention (CDC) data [15]. The estimated
incidence of appendiceal perforation in acute appendicitis
is between 20 and 35 per 100,000 [1-16]. Prompt diagnosis
of appendicitis has been shown to decrease morbidity, length
of hospital stay, and cost [3]. The increased use of diagnostic
imaging in the setting of suspected acute appendicitis over
the past 25 years stems from limited diagnostic accuracy
achievable from patient history, physical examination and
laboratory values alone. False-positive appendectomy rates
of up to 25% were reported [17], with increased morbidity
and cost associated with unnecessary surgical intervention.
Part of the reason for accepting this high false-positive rate
was to avoid delayed diagnosis of appendicitis which had
been shown to result in higher rates of perforation and asso-
ciated complications [3, 18].

Clinical diagnosis is also made more difficult in situations
where variable presentations of other acute gastrointestinal
and gynecological pathologies mimic appendicitis. Con-
versely, the variable orientation and length of the appendix
can cause pain in areas that mimic other acute gastrointesti-
nal and gynecological conditions such as acute diverticulitis,
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Fig.2 a Right-sided epiploic
appendagitis, b Acute sigmoid
diverticulitis, ¢ Right-sided coli-
tis, d Right UVJ stone, e Left
tubo-ovarian abscess, f—Right-
sided ureteritis, g Right-sided
colonic diverticulitis, h Acute
enteritis, i Right-sided iliopsoas
abscess, axial and j Coronal CT
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Table 1 Acute alternative diagnoses in patients without appendicitis

Number
of patient
(n=38)

Diagnosis

Colitis 1
Diverticulitis

Epiploic appendagitis

Enteritis/ileitis

Cystitis/ureteritis

Tubo-ovarian abscess

Ovarian mass

Ureteric stone

Cecal cancer

—_— =N NN W W R W

Tliopsoas abscess

colitis, enteritis, ovarian torsion, pelvic inflammatory dis-
ease, which could lead to delayed diagnosis.

Given these issues, it is not surprising that diagnostic
imaging in the form of US and especially CT, which offer
high diagnostic accuracy, have been adopted as they have
decreased the latency to diagnosis (reducing complications),
and dramatically reduced the number of unnecessary surgi-
cal interventions [3, 18-20]. These two imaging modalities
are now the standard of care in most centers when acute
appendicitis is clinically suspected [21].

CT has been shown to be more accurate and consistent
than US in large meta-analyses spanning medical literature
from 1986 to 2004, citing pooled sensitivity of 94 versus
84% and pooled specificity of 94 versus 93% in CT ver-
sus US [6]. This is likely in part due to operator variability

inherent in US imaging, anatomical variation of the loca-
tion of the appendix, body habitus, excessive bowel gas and
severe abdominal pain [22-24]. CT also covers other areas
in the abdomen that are not always well seen on US, for
example the retroperitoneal structures, which can be impor-
tant in pathologies that mimic appendicitis. Although CT is
the mainstay of diagnostic imaging recommendations in the
workup of suspected appendicitis, the optimal CT technique
for appendicitis remains controversial [19] and proposed CT
protocols include a combination of CT of the abdomen and
pelvis or focused CT alone with oral and IV contrast (tradi-
tional protocol), unenhanced CT, CT with oral contrast only,
with oral and rectal contrast, with rectal contrast only or with
IV contrast alone [9, 25, 26].

The main drawback of CT utilization is the concern asso-
ciated with risks due to radiation exposure, the most impor-
tant of which is increased risk of cancer [27-30]. Multiple
methods to decrease radiation dose have been proposed,
primarily reducing the field of view of the CT examination.

Several authors have argued that focused appendiceal CT
could effectively diagnose acute appendicitis. Rao et al. pro-
spectively examined 100 patients suspected of having acute
appendicitis that underwent focused CT with oral and rectal
contrast but no IV contrast, through a 12—15 cm region, cen-
tered approximately 3 cm above the cecum. They found that
focused CT had a sensitivity of 100%, a specificity of 95%,
a positive predictive value of 100% and overall accuracy of
98% [12]. Fefferman et al. examined 93 pediatric patients
with right lower quadrant pain using CT-AP with oral and
IV contrast, dividing the CT into three regions (above the
lower pole of the right kidney, between lower pole and iliac
crest, and below the iliac crest). They cite a sensitivity of

Fig.3 a Focused appendiceal CT reveals fluid around the tip of
the right hepatic lobe and partially imaged colonic wall thickening
(arrows). b CT-AP above the focused scan reveals colitis affecting the

hepatic flexure and proximal transverse colon (arrows). CT-AP CT of
the abdomen and pelvis
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97% and specificity of 93% for the region below the right
lower pole [13]. Lane et al. studied 300 patients referred
from the departments of surgery and emergency medicine
with suspected acute appendicitis with focused unenhanced
CT from T12 vertebra to the pubic symphysis with a sen-
sitivity of 96%, specificity of 99%, and accuracy of 97%
[31]. Finally, Wijetunga et al. studied 100 patients in the
emergency setting referred by surgery with equivocal signs
and symptoms of appendicitis. They underwent focused CT
with oral contrast of a 12-15 cm region of the right lower
quadrant using the distended cecum as a landmark, with 93%
sensitivity, 97% specificity, and 96% accuracy [32].

Some authors on the contrary, have suggested that the
sensitivity and specificity of focused CT, as well as the pos-
sibility of missing important alternative diagnoses outside
of the scanning field is too significant to adopt focused
appendiceal CT. For example, Jacobs et al. assessed 228
patients with clinically suspected appendicitis. They per-
formed focused appendiceal CT (with oral contrast alone,
scanning 15 cm of the right lower quadrant centered over the
inferior third of the cecum) followed immediately by stand-
ard CT-AP with oral and IV contrast. Their specificity and
sensitivity for appendicitis was found to be greater in CT-AP
with oral and IV contrast, with four cases of appendicitis
that would have been missed using focused CT [10]. Kamel
et al. analyzed 100 patients with right lower quadrant pain
considered to have an atypical presentation of appendicitis.
These patients underwent CT-AP with oral and IV contrast,
as well as CT of the pelvis alone, with an overall sensitivity
of 88% [14].

Based on the past literature summarized above, further
investigation was felt necessary for several reasons. The clin-
ical criteria for subject inclusion in these studies were heter-
ogeneous. Some studies considered only patients with clini-
cally suspected appendicitis, while others selected patients
with right lower quadrant pain, and others considered only
atypical presentation for suspected appendicitis. The refer-
ral patterns also varied, some from emergency physicians,
others from medicine and surgery, and some only from sur-
geons. The selection of contrast for the CT examinations
was heterogeneous, including unenhanced, oral contrast
only, oral and rectal contrast only, and oral and IV contrast.
The region of interest also varied from a region around the
proposed location of the cecal pole, various regions using
the lower pole of the kidney as a landmark, from the T12
vertebra to pubic rami, and the pelvis alone. Finally, most of
the studies for focused appendiceal CT are also greater than
15 years old, with advances in CT technology in the interim.

Our study showed that focussed CT starting at the top
of L4 vertebral body to the level of the roof of the acetab-
ula has a high diagnostic accuracy for acute appendicitis
with sensitivity and specificity of 100%. Comparing the
gold standard CT-AP with focused appendiceal CT, there
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was no difference in the ability to visualize the appendix.
Using focused CT technique, there were no cases where
the appendix was completely outside the margins of the
scans and only three cases where part of the appendix was
not included, by a few millimetres. There was also no dif-
ference in the diagnostic accuracy i.e. there were no cases
where appendicitis was missed. Of the three cases where
the inflamed appendix was not fully included in the field of
view of focused appendiceal CT, no additional significant
findings were seen in the CT-AP (no abscesses local or
distant, and no extra-luminal free air).

Our results also demonstrate that focused CT confi-
dently established an alternate diagnosis in 37 out of 38
patients that did not have acute appendicitis. In 14 of these
patients, the pathology was partially visualized; however,
it did not change the diagnostic accuracy. In one patient
however, the upper limit of the focused appendiceal CT
revealed free fluid, stranding around the hepatic flexure,
and subtle thickening in the colon wall, however, the
thickened segment of colon was not included in the field
of view, which qualifies as a missed diagnosis of colitis
(Fig. 3). In this case, it stands to reason that when non-
specific abnormal findings or incomplete pathology is
identified in focused CT, we advise extending the field
of scanning to provide full coverage of the abdomen and
pelvis. This requires immediate review of the focused CT
or recall of the patient.

The rate of incidental findings outside the area of focused
CT was not assessed here as the focus was on findings that
would explain the patients’ acute presentation. However, this
has been investigated in previous studies and the majority of
incidental findings were of little clinical significance [33].

We also believe that the fixed bony landmarks used in our
study (superior endplate of L4 and roof of acetabulum) are
much easier to identify on the scout topograms compared to
other studies using the cecum as a landmark which may not
be gas filled and the renal shadow which could be obscured
by bowel gas when planning the CT scan.

Comparison of our results with prior literature is difficult
because of inhomogeneous scan protocols and heterogene-
ity in patient selection. For example, in a study by Malone
et al. they elected to exclude patients with strong suspicion
of appendicitis and included patients with lower abdominal
pain in whom the diagnosis was not obvious [34]. Simi-
larly, in a retrospective study by Kamel et al. looking at the
value of non-focused CT versus focused appendiceal imag-
ing, patients with symptoms equivocal for appendicitis were
also included in the study population [14]. Our selection
criteria were meant to mimic the most common clinical
presentation in that most patients with suspected appendi-
citis are triaged and imaged after initially assessment in the
emergency department, rather than after consultation with
other services. Thus, the accuracy of limited CT in patients
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referred by the surgeon on call rather than the emergency
physicians was not ascertained.

We chose to include radiology resident reviews in the
study as opposed to only experienced abdominal radiolo-
gists, again to provide the most realistic representation of
a radiology department where a subspecialized radiologist
may not always be available.

Specific analysis of the reduction of exposure to ionizing
radiation was not performed in our study. Nonetheless, it has
been estimated that CT of the pelvis alone has an effective
dose of less than half that of CT of the abdomen and pelvis
[35]. For the purposes of this study, we estimate the focused
appendiceal CT dose is approximately half that of CT-AP.
Therefore, in this cohort of 200 patients, an equivalent dose
of approximately 100 CTs would be spared.

A similar estimated savings in time taken to interpret
the CT and cost for interpretation of the CT would also be
expected. This has been modeled in previous studies and
showed to represent a potential for significant cost savings
to the healthcare system [36].

In conclusion, accurate diagnosis of acute appendicitis is
possible with focused appendiceal CT of the abdomen and
pelvis with IV and oral contrast, specifically limited to the
area between the top of L4 vertebral body and the roof of
the acetabulum, which is the most limited scanning field of
view in studies of this kind. Moreover, this strategy ensures
adequate visualization of other pathologies that mimic acute
appendicitis. This presents a possibility to decrease radiation
exposure to the patient, decrease in CT reading time, and
decrease cost, without compromising accuracy.

References

1. Coward S, Kareemi H, Clement F, Zimmer S, Dixon E, Ball C.
Incidence of appendicitis over time: a comparative analysis of an
administrative healthcare database and a pathology-proven appen-
dicitis registry. PLoS ONE 2016;11(11):e0165161.

2. Pennington EC, Burke PA. Chapter 28: Appendix. In G. M.
Doherty (Ed.). Current diagnosis & treatment: Surgery. 14th ed.
2015;651-656.

3. Eko FN, Ryb GE, Drager L, Goldwater E, Wu JJ, Counihan TC.
Ideal timing of surgery for acute uncomplicated appendicitis.
North American Journal of Medical Sciences. 2013;5:22-7.

4. Seetahal SA, Bolorunduro OB, Sookdeo TC, Oyetunji TA, Greene
WR, Frederick W, et al. Negative appendectomy: a 10-year review
of a nationally representative sample. Am J Surg. 2011;201:433-7.

5. Drake FT, Florence MG, Johnson MG, Jurkovich GJ, Kwon S,
Schmidt Z, et al. Progress in the diagnosis of appendicitis: a report
from Washington State’s Surgical Care and Outcomes Assessment
Program. Ann Surg 2012;256:586-94.

6. Doria AS, Moineddin R, Kellenberger CJ, Epelman M, Beyene J,
Schuh S, et al. US or CT for diagnosis of appendicitis in children
and adults? a meta-analysis. Radiology 2006;241:83-94.

7. Balthazar EJ, Birnbaum BA, Yee J, Megibow AJ, Roshkow J, Gray
C. Acute appendicitis: CT and US correlation in 100 patients.
Radiology 1994;190:31-5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Pickhardt PJ, Lawrence EM, Pooler BD, Bruce RJ. Diagnostic
performance of multidetector computed tomography for sus-
pected acute appendicitis. Ann Intern Med 2011;154:789-96.
Rosen MP, Ding A, Blake MA, Baker ME, Cash BD, Fidler JL,
et al. ACR Appropriateness Criteria® Right Lower Quadrant
Pain—Suspected Appendicitis. Journal of the American College
of Radiology 2011;8:749-55.

Jacobs JE, Birnbaum BA, Macari M, Megibow AJ, Israel G,
Maki DD, et al. Acute appendicitis: comparison of helical CT
Diagnosis focused technique with oral contrast material versus
nonfocused technique with oral and intravenous contrast mate-
rial. Radiology 2001;220:683-90.

Rao PM, Rhea JT, Rattner DW, Venus LG, Novelline RA. Intro-
duction of appendiceal CT: impact on negative appendectomy
and appendiceal perforation rates. Ann Surg 1999;229:344-9.
Rao PM, Rhea JT, Novelline RA, McCabe CJ, Lawrason JN,
Berger DL, et al. Helical CT technique for the diagnosis of
appendicitis: prospective evaluation of a focused appendix CT
examination. Radiology 1997;202:139-44.

Fefferman NR, Roche KJ, Pinkney LP, Ambrosino MM,
Genieser NB. Suspected appendicitis in children: focused CT
technique for evaluation. Radiology 2001;220:691-5.

Kamel IR, Goldberg SN, Keogan MT, Rosen MP, Raptopou-
los V. Right lower quadrant pain and suspected appendicitis:
nonfocused appendiceal CT--review of 100 cases. Radiology
2000;217:159-63.

Number of all-listed procedures for discharges from short-stay
hospitals, by procedure category and age, N.H.D. Survey, editor,
2010: United States.

Al-Omran M, Mamdani M, McLeod R. Epidemiologic features
of acute appendicitis in Ontario, Canada. Canadian Journal of
Surgery 2003;46:263-8.

Detmer D, Nevers L, Sikes E. Regional results of acute appen-
dicitis care. JAMA 1981;246:1318-20.

Flum D, Koepsell T. The clinical and economic correlates of
misdiagnosed appendicitis: Nationwide analysis. Archives of
Surgery 2002;137:799-804.

Drake FT, Flum DR. Improvement in the Diagnosis of Appen-
dicitis. Adv Surg 2013;47:299-328.

Raja AS, Wright C, Sodickson AD, Zane RD, Schiff GD, Han-
son R, et al. Negative appendectomy rate in the era of CT: an
18-year perspective. Radiology 2010;256:460-5.

Armstrong C. ACEP releases guidelines on evalua-
tion of suspected acute appendicitis. Am Fam Physician
2010;15:1043-1044.

Hershko DD, Sroka G, Bahouth H, Ghersin E, Mahajna A, Krausz
MM. The role of selective computed tomography in the diagno-
sis and management of suspected acute appendicitis. Am Surg
2002;68:1003-7.

Raman SS, Lu DSK, Kadell BM, Vodopich DJ, Sayre J, Cryer
H. Accuracy of nonfocused helical CT for the diagnosis of
acute appendicitis: a 5-year review. Am J Roentgenol 2002;
178(6):1319-25.

van Randen A, Bipat S, Zwinderman AH, Ubbink DT, Stoker J,
Boermeester MA. Acute appendicitis: meta-analysis of diagnostic
performance of CT and graded compression US related to preva-
lence of disease. Radiology 2008;249:97-106.

Pinto Leite N, Pereira JM, Cunha R, Pinto P, Sirlin C. CT evalu-
ation of appendicitis and its complications: imaging techniques
and key diagnostic findings. Am J Roentgenol 2005;185:406-17.
Paulson EK, Coursey CA. CT Protocols for acute appendicitis:
time for change. Am J Roentgenol 2009;193:1268-71.

Sodickson A, Baeyens PF, Andriole KP, Prevedello LM, Nawfel
RD, Hanson R, et al. Recurrent CT, cumulative radiation expo-
sure, and associated radiation-induced cancer risks from CT of
adults. Radiology 2009;251:175-84.

@ Springer



2088

Abdominal Radiology (2019) 44:2081-2088

28.

29.

30.

31.

32.

33.

Berrington de Gonzalez A, Darby S. Risk of cancer from diag-
nostic X-rays: estimates for the UK and 14 other countries. Lancet
2004;363:345-51.

Brenner DJ, Hall EJ. Computed tomography--an increasing source
of radiation exposure. N Engl J Med 2007;357:2277-84.

Griffey RT, Sodickson A. Cumulative radiation exposure and can-
cer risk estimates in emergency department patients undergoing
repeat or multiple CT. Am J Roentgenol 2009;192:887-92.

Lane MJ, Liu DM, Huynh MD, Jeffrey RB, Mindelzun RE, Katz
DS. Suspected acute appendicitis: nonenhanced helical CT in 300
consecutive patients. Radiology 1999;213:341-6.

Wijetunga R, Tan BS, Rouse JC, Bigg-Wither G, Doust BD. Diag-
nostic accuracy of focused appendiceal CT in clinically equivocal
cases of acute appendicitis. Radiology 2001;221:747-53.
Halverson M, Delgado J, Mahboubi S. Extra-appendiceal find-
ings in pediatric abdominal CT for suspected appendicitis. Pediatr
Radiol 2014;44:816-20.

@ Springer

34.

35.

36.

Malone AJ Jr, Wolf CR, Malmed AS, Melliere BF. Diagnosis of
acute appendicitis: value of unenhanced CT. Am J Roentgenol
1993;160:763-6.

Mettler FA, Huda W, Yoshizumi TT, Mahesh M. Effective doses
in radiology and diagnostic nuclear medicine: a catalog. Radiol-
ogy 2008;248:254-63.

Rao PM, Rhea JT, Novelline RA, Mostafavi AA, McCabe
ClJ. Effect of computed tomography of the appendix on treat-
ment of patients and use of hospital resources. N Engl J Med
1998;338:141-6.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Focused CT for the evaluation of suspected appendicitis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patients
	CT technique
	Imaging analysis

	Results
	Visualization of the appendix
	Diagnostic accuracy
	Diagnostic accuracy for non-appendiceal pathologies

	Discussion
	References




