
Introduction

Much has changed recently in
the diagnosis of appendicitis,

with a dramatic increase in the use
of imaging modalities. Over the past
decade the use of computerized
tomography (CT) has outpaced that
of ultrasound (US), and now is used
nearly routinely because of its excel-
lent sensitivity and specificity. Yet
concern over cost, delay, radiation
exposure, and potential risk of future
cancers (especially in children) has
led to concern about its overuse.
Additionally, there remains debate
as to whether contrast is necessary,
how to interpret equivocal CT scans
(e.g., the nonvisualized appendix),
and which population of patients
benefits most from CT imaging.

Perhaps much also has stayed
the same, especially the persistent
concern over delayed diagnosis,
missed appendicitis and negative
appendectomy rates, the diagnostic

challenges in children and atypical
presentations. 

What clinical findings
are useful?
Source: Andersson RE. Meta-analysis
of the clinical and laboratory diagnosis
of appendicitis. Br J Surg 2004; 91:28-
37.

Dr. Andersson, of County Hospi-
tal Rhyhov, Sweden, performed

an extensive meta-analysis of 24
studies comparing various clinical
and laboratory results in 5833
patients of all ages admitted to the
hospital with possible appendicitis,
where the overall prevalence of
appendicitis was 41% (27%-61%).
The diagnostic value of individual
variables was expressed in terms of
discriminatory power, the area
underneath the receiver-operator
characteristic (ROC) curve (AUC),
and predictive power, as positive or

negative likelihood ratios. Discrimi-
natory power varies from useless,
with AUC of 0.5, to perfect, with
AUC of 1.0. Positive likelihood
ratios (LR+), the ratio of sensitivity
to 1 – specificity, and negative likeli-
hood ratios (LR-), the ratio of 1–
sensitivity to specificity, are useful to
transform pretest odds to post-test
odds of disease, or by using the
Fagan nomogram to transform from
pretest probability to post-test proba-
bility. Larger LR+s, and smaller LR-
s, have the greatest effect on the like-
lihood of disease. For example, LR+
values of 2 - 5, 5 - 10, and more than
10, and LR- of 0.2 - 0.5, 0.1 - 0.2,
and less than 0.1 have small, moder-
ate, and large, respectively, influence
on the likelihood of disease.

Variables with the greatest dis-
criminatory power were neutrophil
(PMN) count (0.78), total white
blood count (WBC)(0.77), and C-
reactive protein (CRP) level (0.75),
followed by rebound (0.70), percus-
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sion tenderness (0.70), guarding
(0.68), and migration of pain (0.68).
Rectal tenderness, as many would
have predicted, had no discrimina-
tory power (0.51). Individually, the
most useful positive predictive
examination findings were rigidity
(LR+ 2.96), percussion tenderness
(LR+ 2.86), and guarding (LR+
2.48), although each of these had
LR+ < 4 (small utility). The most

useful inflammatory markers were
PMN count 13 x 109/L (LR+ 7.09)
or greater, PMN proportion greater
than 85% (LR+ 3.82) and WBC 15
x 109/L (LR+ 3.47) or greater, and
PMN count 9 x 109/L (LR+ 2.66) or
greater. Individually, the most use-
ful negative predictive variables
were PMN proportion less than
75% (LR- 0.24), lack of localized
tenderness (LR- 0.25), and WBC
less than 10 x 109/L (LR- 0.26). No
variable had LR- less than 0.20,
individually. When several of these
variables were included together,
however, the predictive power
improved dramatically. For exam-
ple, if guarding or rebound and
WBC count of 10 x 109/L or greater
were each present, the LR+ was
11.34 and if each was absent, the
LR- was 0.14. Together, the combi-
nation of a WBC greater than 10 x
109/L and CRP greater than 8 had
the greatest predictive power, with
LR+ of 23.3 and LR- of 0.03. With a
WBC greater than 10 x 109/L, pro-
portion of PMN greater than 70%,
and CRP greater than 12 demonstrat-
ed an LR+ 20.85 and LR- of 0.03.

Commentary
This meta-analysis reinforces the

importance of clinical findings such
as rigidity, rebound, guarding, and
percussion tenderness as well as
migration of pain, but also dispels
several myths regarding inflammato-
ry markers in the appendicitis
workup. Traditionally, the WBC
count is considered to have inade-
quate sensitivity to exclude appen-
dicitis, and some reviews suggest
that obtaining a WBC count is
unnecessary in the evaluation of a
patient with suspected appendicitis,
because of its poor predictive ability.
For example, in a recent prospective
study of 293 patients with possible
appendicitis, researchers found a
WBC > 10,000 cells/mm3 had a 76%
sensitivity and 52% specificity for

appendicitis.1 Contrary to common
belief, this meta-analysis demon-
strated the WBC count, PMN count,
PMN ratio, and C-reactive protein to
be useful tests in the diagnosis of
appendicitis; they have greater pre-
dictive value than historical or physi-
cal examination findings. When two
or more of these laboratory findings
are positive, the likelihood of appen-
dicitis is high, and when two or more
of these are negative, the likelihood
of appendicitis is very low. 

This article is an excellent source
of LRs for various clinical and labo-
ratory findings in appendicitis. Sup-
pose one were to evaluate a patient
with possible appendicitis, begin by
estimating the pre-test probability at
40%, and find that the patient had a
WBC less than 10 x 109/L, a propor-
tion of PMN less than 70%, and a
CRP less than 12, then using the
LR- of 0.03, the post-test probability
of appendicitis has decreased to 2%.
This calculation can be done on var-
ious computer software programs or
by using the Fagan nomogram
(http://www.childrens-mercy.org/
stats/definitions/fagan.htm).

Does the risk of
appendiceal rupture
vary over time?
Source: Bickell NA, et al. How time
affects the risk of rupture in appendici-
tis. J Am Coll Surg 2006; 202:401-406.

We have often heard that delay in
diagnosis can lead to perforation

of the appendix, and with this a pro-
longed or more complicated course. This
article is the first to attempt to quantify
this risk of appendiceal rupture over
time. The authors retrospectively
reviewed the office, clinic, emergency
department (ED), and hospital records
for a random sample of 219 of 731
appendicitis cases operated on in a two-
year period at two teaching hospitals.
The overall rate of perforation was 16%
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and is similar to the 13% rate reported by
the 2000 National Hospital Discharge
Survey of 255,000 cases of appendicitis.
As expected, rupture rates were higher in
those patients younger than 6 years
(60%) and those older than 65 years
(58%). The best predictor of appendiceal
rupture was untreated symptoms beyond
36 hours (relative risk [RR] 6.6), fol-
lowed by age 65 years or older (RR 4.2),
fever greater than 38.9°C (RR 3.6), and
heart rate 100 beats/min or higher (RR
3.4).

The risk of perforation in the first 12
and 24 hours was very low (0% and
0.6%), and when patients presented
within 36 hours of untreated symptoms,
the risk of rupture was 2% or less.
Beyond 36 hours of untreated symp-
toms, the risk of subsequent rupture
increased approximately 5% for each
12-hour period. For patients with symp-
toms of less than 4 days duration, prior
to surgery, 14 of 187 (7.4%) had rup-
ture, in comparison to 22 of 32 (69%)
patients with symptom durations of
greater than 4 days.

The average (median) patient-related
time was higher in the ruptured appen-
dicitis group (57.2 hours) versus the
nonruptured group (24 hours), as was
the system-related time (17.4 hours vs
7.9 hours, respectively), with approxi-
mately three-fourths of the delay to sur-
gery in both groups related to late
patient presentation. Factors associated
with prolonged system time delays were
those cases without appendicitis as the
leading diagnosis, without a classic
presentation, without right lower quad-
rant tenderness, initially evaluated out-
side of the hospital instead of the ED,
and those undergoing imaging. Patients
undergoing CT scan or ultrasound
imaging had average system-time to
treatment of 18.6 hours and 13.5 hours,
respectively, in comparison to those
without imaging of 7.1 hours and 7.2
hours, although no increase in the rate
of rupture was reported.

Commentary 
The importance of this article for

acute care physicians is that patients who
present within 36 hours of symptom
onset with possible appendicitis can be
evaluated in a routine fashion without
elevated risk of rupture. Although appen-
dectomy is not considered an “emergent”
surgical procedure, patients with possible
appendicitis who present close to or
beyond 36 hours of symptom onset
should be evaluated more urgently.
Emergency physicians should consult a
surgeon early in the evaluation of possi-
ble appendicitis, and recommend repeat
evaluation of those with equivocal clini-
cal or radiographic findings within
“hours” rather than “the next day.” 

Is oral contrast 
needed?
Source: Anderson BA, et al. A system-
atic review of whether oral contrast is
necessary for the computed tomography
diagnosis of appendicitis in adults. Am
J Surg 2005;190:474-478. 

In a systematic review of 23 reports
(published from 1993 to 2003) of

CT imaging in adults older than 16
years with possible appendicitis, the
authors from the University of Wash-
ington produced aggregated diagnos-
tic performance characteristics for
CT scan using rectal, oral, rectal and
oral, oral and intravenous (IV), and
noncontrast techniques. There were
3474 subjects represented in the 5
retrospective and 18 prospective
studies. Noncontrast CT had similar
sensitivity (93%) as oral and IV con-
trast (93%), higher than oral contrast
(83%), and yet lower than rectal con-
trast (97%) technique. Noncontrast
CT had similar specificity (98%) as
rectal contrast (97%) and higher than
oral (95%) or oral and IV contrast
(93%). Overall accuracy with non-
contrast CT (96%) was similar to
rectal contrast CT (97%) and greater
than oral (92%) or oral and IV con-
trast (92%) techniques. There are
several limitations to this study,

including the lack of prospective tri-
als directly comparing contrast and
noncontrast techniques, the hetero-
geneity of designs, the various inclu-
sion and exclusion criteria, imaging
technique and criteria for positive
interpretation, and inclusion of older
studies (the great majority of studies
used helical scanners; 85% in non-
contrast and 82% in oral contrast
studies).

Commentary
Of the various possible CT scan

methods, the administration of oral
contrast is the most time-consum-
ing, requiring typically 1 to 2 hours
from contrast administration to scan
time to allow opacification of the
cecum. This delay may not only be
a nuisance for the patient and family
members, and potentially delay sur-
gery; it also slows the flow of
patients in the ED. Additionally,
oral contrast may be tolerated poor-
ly by the symptomatic patient.
Despite this fact, oral and IV con-
trast CT imaging remains the most
commonly used imaging technique
for appendicitis in the United States
This study provides evidence that
this practice may be outdated, and
that noncontrast CT may be as or
even more accurate than contrast
studies. 

The authors also raise several
interesting points for consideration.
First, there is debate as to whether
CT imaging has decreased the rates
of negative appendectomy or perfo-
ration. And second, that CT imaging
may not be as accurate in everyday
clinical settings as in published
results from research institutions.
For example, researchers reviewed
health maintenance organization
records of 4058 patients undergoing
appendectomy in community hospi-
tals in the Group Health Cooperative
of Puget Sound from 1980 to 1999,
and found the negative appendecto-
my rate was unchanged following
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the introduction of CT scan.2 The
sensitivity of CT in their setting was
lower, 88.3%, than the 94% sensitiv-
ity published in a systematic review
by Terasawa.3 We must also be cau-
tious that the preliminary CT read-
ing, which guides clinical decision-
making, may not be as accurate as
the final reading. Maluccio and col-
leagues found a lower sensitivity of
CT for appendicitis among radiolo-
gy trainees, where the preliminary
radiology interpretation (by a radiol-
ogy resident or fellow along with
surgical staff) of abdominal CT for
appendicitis did not correlate with
operative management, whereas the
final CT interpretation did correlate
with appendicitis pathology.4

Equivocal CT 
findings
Source: Daly CP, et al. Incidence of
acute appendicitis in patients with
equivocal CT findings. AJR 2005,
184:1813-1820.

The authors performed a 5-year
retrospective radiology infor-

mation system database review
identifying 172 CT scans (predomi-
nantly oral and IV contrast) with
equivocal readings (12.8% of 1344
adult patients with possible appen-
dicitis from January 1998 - Decem-
ber 2002). The rate of appendicitis
in this group was 31% (53/172).
The films were viewed by 2 experi-
enced radiologists, blinded to origi-
nal readings and final outcomes.
Surprisingly, they had only fair to
moderate agreement (kappa scores
between 0.27 - 0.57). For example,
reviewers disagreed 20% of the
time as to whether the appendix
could be identified, 30% on fat
stranding, 31% on free fluid, and
13% on presence of an appendicol-
ith. In this study, an equivocal
reading was defined as not posi-
tive, not negative, but for which

appendicitis was included in the
differential (including “possible
appendicitis”), and commonly
included any of the following iso-
lated findings: appendiceal widen-
ing larger than 6 mm, appendiceal
wall thickening, nonvisualized
appendix, fat stranding, free or
loculated fluid, or appendicolith.

In contrast to a dramatic increase
in the number of scans from 1998 -
2002, there was a steady decline in
the percentage of equivocal scan
interpretations from 23% in 1998 to
9.5% in 2002. Overall, 31% of
cases with an equivocal CT reading
had appendicitis, compared with
0.2% of those with a negative read-
ing. When appendiceal enlargement
was an isolated finding, the inci-
dence of appendicitis increased
from 13% to 14% with diameter
less than 9 mm to 50% to 52% with
diameter 9 mm or larger. When fat
stranding or fluid were present and
the appendiceal diameter was less
than 6 mm, 17%-27% had appen-
dicitis, yet when the appendix could
not be identified, 37 %-53% had
appendicitis. In scans without fat
stranding or fluid and inability to
visualize the appendix (i.e., truly
indeterminate scan), the prevalence
of appendicitis was 14%-17%. 

Commentary
When reviewing publications on

CT scan for appendicitis, one must
be aware that some authors include
equivocal results as positives (low-
ering specificity and positive pre-
dictive value), others include equiv-
ocal results as negatives (lowering
sensitivity and negative predictive
value), and still others exclude
equivocal results from their calcula-
tions of sensitivity, specificity, and
accuracy. This is one of the first
studies to address the issue of the
risk of appendicitis when the CT
scan reading is equivocal. 

The 30% incidence of appendici-

tis in equivocal CT scan readings in
this study is surprisingly high. Inter-
preting an equivocal CT reading in
your institution will depend on the
experience of your CT radiologists
as well as the prevalence of appen-
dicitis in those undergoing imaging
(24% in this study). The bottom
line, however, is remembering that
an equivocal CT is not negative.

This study is another reminder
that appendiceal diameter is a sensi-
tive but nonspecific finding in
appendicitis, and that the prevalence
of appendicitis increases with
increased diameter.

The nonvisualized
appendix 
Source: Nikolaidis P, et al. The nonvi-
sualized appendix: Incidence of acute
appendicitis when secondary inflamma-
tory changes are absent. AJR
2004,183:889-892.

In a 33-month retrospective review
from January 1999 to September

2001 of 366 abdominal CT scans
with oral and IV technique from
consecutive systematically sampled
patients of all ages with possible
appendicitis, the appendix was not
visualized by both the initial radiol-
ogist and study radiologist in 46 or
13% of cases. These cases also had
no other findings of appendicitis,
such as fat stranding, appendicolith,
phlegmon or abscess, extraluminal
gas, or fluid collection. There was a
single case of missed appendicitis
when the appendix was not visual-
ized and no other appendicitis signs
were present, for an incidence of
2% (95% CI, 0%- 11%). 

Commentary
Emergency physicians and sur-

geons evaluating a patient at inter-
mediate risk for appendicitis must
decide how to interpret an indeter-
minate CT scan reading in which



the appendix is not visualized and
there are no secondary inflammato-
ry changes. This important clinical
scenario, unfortunately, is not
uncommon, and this study would
suggest it occurs in as many as
13% of CT scans. This study sug-
gests that the incidence of appen-
dicitis in this setting is much lower
(2%) than the previous study by
Daly and colleagues in which a
nonvisualized appendix in the
absence of fat stranding or fluid
had a 14%-17% incidence of
appendicitis. The authors of this
study do not state the prevalence of
appendicitis in the 366 scans. Until
larger studies are published, we
must assume that the incidence of
appendicitis in the setting of nonvi-
sualized appendix without inflam-
matory changes is somewhere
between 2% and 17%.

Ultrasound or CT?
Source: Garcia Peña BM, et al. Selec-
tive imaging strategies for the diagnosis
of appendicitis in children. Pediatrics
2004;113:24-28. 

Strategies to decrease the use of
CT scan in appendicitis are

important, especially in children, to
minimize exposure to ionizing radi-
ation (and subsequent risk of malig-
nancy, which may be as high as 1 in
500), as well as to minimize cost,
time delay, and discomfort.

Researchers used recursive parti-
tioning in a retrospective cohort of
1401 children with equivocal
appendicitis admitted to Children’s
Hospital Boston from January 1996
to December 1999 to identify low-,
medium-, and high-risk groups. The
low-risk group is defined by PMNs
< 67%, bands < 5%, and no guard-
ing, whereas the high-risk group is
defined by WBC > 10 x 109/L,
PMNs > 67%, pain greater than 13
hours, and guarding. The appendici-

tis rates were 10.5% for the low-risk
group, 62.9% for medium, and 90%
for the high-risk groups. These three
risk groups were then used to com-
pare three guidelines. 

• The first (the standard clini-
cal practice strategy at Children’s
Hospital Boston) was to perform an
ultrasound on all patients initially,
regardless of risk, then operate if US
findings were positive and perform
CT if US findings were negative. A
positive CT finding led to an opera-
tion, and a negative CT finding
allowed the patient to be discharged.
This method results in 1.0 US and
0.7 CT scans per patient, with a 3.8%
negative appendectomy rate and
5.9% missed or delayed diagnosis
rate. 

• The second strategy was to
perform ultrasound on the low-risk
group and discharge if findings are
negative and operate if findings are
positive, perform US then CT (as
described above) for the medium-
risk group, and perform CT first for
the high-risk group.  A positive US
or CT finding led to an operation,
negative US findings led to CT, and
negative CT findings allowed dis-
charge. This method results in 0.77

US and 0.66 CT scans per patient (a
16% decrease in imaging use), with
minimal change in negative appen-
dectomy rate (4.0%) and missed or
delayed diagnosis rate (6.1%). 

• The final strategy involved
selective imaging: admit and
observe the low-risk group without
imaging, perform US then CT for
the medium-risk group, and perform
surgery without imaging for the
high-risk group. This selective imag-
ing strategy significantly decreased
imaging use by 39%—to 0.62 US
and 0.43 CT scans per patient—with
a small increase in the negative
appendectomy rate to 6.1% and a
minimal increase in the missed or
delayed diagnosis rate to 6.3%.

Commentary
These authors have previously

published data on their use of an
imaging algorithm using US fol-
lowed by CT for equivocal cases,
which was highly accurate, with
low rates of negative appendectomy
or missed appendicitis, at the
expense of a very high rate of imag-
ing (1.70 scans per patient). Many
would argue that this rate was
unnecessarily high. With the use of
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Table 1. Likelihood Ratios for Appendicitis*

LR+ LR-

Noncontrast CT1 47 0.07
WBC > 10 x 109/L and CRP > 8 mg /L2 23.3 0.03

Oral and IV contrast CT1 13.3 0.08

Experienced pediatric surgeon3 13.3 0.005

PMN > 13 x 109/L2 7.09 0.74

PMN proportion > 85%2 3.82 0.58

WBC > 15 x 109/L2 3.47 0.81

Rigidity2 2.96 0.86

Percussion tenderness2 2.86 0.49

Guarding2 2.48 0.57

WBC > 10 x 109/L2 2.47 0.26

* listed in order of descending LR+
Sources: 1. Anderson, BA, et al. Am J Surg 2005;190:474-8. 2. Andersson RE. Br J Surg
2004;91:28-37. 3. Kosloske AM, et al. Pediatrics 2004;113:29-34.



their clinical prediction rule, the
use of imaging was decreased,
although patients in the selective
imaging category still had 1.05
scans per patient, including 0.43
CT scans per patient, at the cost of
a small increase in negative appen-
dectomy rate, primarily from those
in the high-risk category going
directly to surgery. This selective
imaging strategy is likely to be very
close to the actual clinical practice
of physicians in many EDs: to oper-
ate on those patients at high risk,
image those patients at intermediate
risk, and observe those at low risk.
The difference is that a new clinical
prediction rule was derived to iden-
tify these three risk categories. We
must remember that this clinical
prediction rule requires validation
before general clinical use, and that
applied in a setting where the inci-
dence of appendicitis may not be as
high (60%), or the ultrasonogra-
phers may not have similar expert-
ise, is likely to give very different
results.

Clinical scoring 
systems

Source: Birkhahn RH, et al. Classi-
fying patients suspected of appendicitis
with regard to likelihood. Am J Surg
2006;191:497-502. 

There are at least 14 different
clinical scoring systems devel-

oped to enhance the accurate diag-
nosis of appendicitis, yet few have
been validated, none are endorsed
by national surgical or emergency
medicine organizations, and few
have been shown to significantly
improve the accuracy of diagnosis
or diminish the use of imaging. Do
we need another clinical scoring
system? Perhaps we do, if it could
improve the overall accuracy and
diminish use of imaging.
Researchers in this study prospec-
tively developed an appendicitis
likelihood model using random-par-
tition modeling in 439 patients, 101
(23%) of whom had appendicitis.
The aim of the decision rule was to
define a low likelihood group who
would not require CT or surgery, an
intermediate likelihood group who
would be imaged with CT, and a
high likelihood group who would
undergo laparotomy without the
associated delay of imaging. The
low likelihood group was character-
ized by WBC less than 9.5 x 109/L
and either no right lower quadrant
tenderness or a PMN count less than
54%. The high likelihood group had
WBC greater than 13 x 109/L with
rebound tenderness or both volun-
tary guarding and PMN count
greater than 82%. The low likeli-
hood group categorized 48% of all

patients, 1 of which had a delayed
appendicitis diagnosis, for a nega-
tive predictive value of 99.5%. The
intermediate likelihood group con-
tained 40% of all patients, 52 of
whom (30%) had appendicitis. The
high likelihood group contained
12% of all patients, 47 of whom had
appendicitis, for a positive predic-
tive value of 88.7%. 

Use of this clinical prediction
rule decreased the negative appen-
dectomy rate, the delayed diagnosis
rate, and the use of CT imaging
when compared to standard clinical
practice in this population. The neg-
ative appendectomy was 5.6% with
the rule versus 14% for standard
care, the delayed diagnosis rate was
1% with the rule versus 10% for
standard care, and the use of CT
imaging was 40% with the rule ver-
sus 71% for standard care.

Commentary
Although this was a derivation

study of a new clinical prediction
rule, and as with all clinical predic-
tion rules requires further validation
prior to routine clinical use, this con-
cept of identifying low-, intermedi-
ate-, and high-risk groups for obser-
vation, imaging, and surgery, respec-
tively, is similar to the study of Garcia
Peña and researchers. This study,
however, was able to successfully
reduce imaging to 40% without com-
promising (and in fact improving) the
negative appendectomy and delayed
diagnosis rates. This study was
unable to determine the effect of the
clinical prediction rule on the rate of
rupture, another very important out-
come in appendicitis, although we
presume it would not increase this
rate since the delayed diagnosis rate
was decreased.

If validated, this “appendicitis
likelihood model” based simply on
WBC and physical examination
findings has the potential to elimi-
nate as many as 48% of low-risk
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Table 2. Findings Suggestive of Appendicitis on CT Scan

• Distended appendix (> 6 mm)

• Appendiceal wall thickening or enhancement

• Adjacent fat stranding

• Free fluid collections

• Phlegmon or abscess

• Extraluminal gas

• Appendicolith

• Adjacent bowel wall thickening

Source: Nikolaidis P et al, AJR 2004;183:889-92. Appendicitis is likely when 2 or more findings are
present.



patients from further testing includ-
ing CT imaging and identify as
many as 12% of patients at high risk
for appendicitis who could undergo
laparotomy also without CT imag-
ing. Using this model could poten-
tially provide absolute (and relative)
reductions in the rate of CT imaging
by as much as 31% (44%), in the
rate of missed appendicitis of 9%
(90%), and in the rate of negative
laparotomy of 8% (60%).

Conclusions
When we consider the diagnosis

of appendicitis, we begin by trying
to estimate the likelihood that the
patient has the disease based on
clinical findings. The article by
Andersson gives us the likelihood
ratios (see Table 1) for various his-
torical, physical examination, and
simple laboratory findings. As men-
tioned previously, LRs can be useful
for transforming between pretest to
post-test probabilities using soft-
ware or the Fagan nomogram. 

We are concerned about the risk
of perforation, which is known to be
greater when the diagnosis is
delayed, in children, in the elderly
population, and in females. Studies
discussed here also suggest that the
risk of perforation increases when
untreated symptoms persist beyond
36 hours. We should be aware of
diagnostic delays in cases of non-
classic presentation, absence of
right lower quadrant tenderness,
presentations to caregivers outside
of the ED, and following the use of
CT imaging.

CT imaging has remarkable pre-
dictive ability, with especially use-
ful negative likelihood ratios. (See
Table 1.) When deciding on which
type of abdominal CT to order, it
appears that noncontrast CT not
only will be faster and more com-
fortable, but probably just as accu-
rate as contrast studies. When evalu-

ating CT scan results, it is important
to remember that although experi-
enced CT radiologists disagree
commonly (13% - 30% on various
important findings), final diagnostic
errors are not very common,
although false-positive findings are
more likely than false-negative
ones. Equivocal readings, though,
are not uncommon and still carry a
measurable risk of appendicitis, per-
haps as high as 30%. Beware of iso-
lated free fluid, fat stranding, fluid-
filled appendix, and abnormal
enhancement because these are the
most commonly listed false-positive
and false-negative results. Appen-
diceal widening is sensitive but very
nonspecific, and isolated widening
without other changes is likely to be
negative. When the appendix is not
visualized and there is no evidence
of inflammation (i.e., fluid, strand-
ing), incidence of appendicitis
varies between 2% and 17%.

Although the use of CT imaging
appears to have revolutionized the
diagnostic approach to appendicitis,
some authors question whether CT
use has truly decreased the inci-
dence of negative appendectomy
and appendiceal rupture rates, espe-
cially in nonresearch institutions.
We must balance the risks of nega-
tive appendectomy, delayed diagno-
sis, perforation, and prolonged or
complicated hospital course versus
the risks of unnecessary CT imag-
ing, with cost, time delay, radiation
exposure, and potential cancer risk.
In determining how many patients
need a CT scan, we know that CT
imaging rates of 100% are excessive
and that rates less than 50% may be
unrealistic and perhaps risky. 

We have several options for
decreasing routine CT imaging.
First, the consultation of an experi-
enced surgeon may be as accurate
(Table 1) or perhaps more accurate
than imaging.5 Second, the selective
imaging strategy described in both

the Peña and Birkhahn studies
where low-risk patients are
observed, intermediate-risk patients
undergo CT, and high-risk patients
undergo appendectomy, appears to
be safe and significantly decreases
imaging rates. Both of these clinical
prediction rules (which require vali-
dation) are based primarily on
WBC, PMN, and examination find-
ings. Lastly, we may use the LRs of
various clinical and laboratory find-
ings to estimate the post-test proba-
bility of appendicitis, discharge
those with very low risk (< 1%),
observe those with low risk (<
10%), perform CT on those at inter-
mediate risk (10% - 90%), and
operate on those with a high risk of
appendicitis.
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CME OBJECTIVES

Upon completing this program, participants will be able to:
• Summarize the most recent significant studies in emergency medicine/acute care related 

to a single topic;
• Discuss up-to-date information about new drugs, techniques, equipment, trials, studies, 

books, teaching aids, and other information pertinent to the stated topic;
• Evaluate the credibility of published data and recommendations about the stated topic. 

CME INSTRUCTIONS

Physicians participate in this continuing medical education program by reading the arti-
cles, using the provided references for further research, and studying the CME questions. Par-
ticipants should select what they believe to be the correct answers, then refer to the list of cor-
rect answers to test their knowledge. To clarify confusion surrounding any questions
answered incorrectly, please consult the source material. 

After completing this activity, participants must complete the evaluation form provided at
the end of each semester (May and November) and return it in the reply envelope provided to
receive a credit letter. When an evaluation form is received, a credit letter will be mailed to
the participant. 

CME QUESTIONS

11. Appendicitis is very unlikely when the patient has:
A.no history of pain migration. 
B.WBC < 10 x 109/L, PMN < 70%, and CRP < 12 mg/L.
C. fever and anorexia but no rebound or guarding.
D.no rectal tenderness. 

12. The risk of appendiceal rupture is:
A.increased when symptoms have been present for less than 24 hours.
B. increased when symptoms persist beyond 36 hours.
C. increased by the delay of CT imaging.
D.increased with classic presentations.

13. In the setting of possible appendicitis in a child, the risks of CT are:
A.ionizing radiation.
B.subsequent risk of malignancy.
C.discomfort and pain.
D.all of the above.

14. Which of the following equivocal CT scan readings likely correlates with the 
greatest risk of appendicitis?
A.Nonvisualized appendix with fat stranding
B.Appendiceal diameter of 6 mm without free fluid or fat stranding
C.Nonvisualized appendix without free fluid or fat stranding
D.Fat stranding and appendiceal diameter of 5 mm

15. Abdominal CT scanning for appendicitis:
A.should always include oral and IV contrast to optimize accuracy
B. is so accurate that “equivocal” findings can be interpreted as negative
C.can be suggestive of appendicitis when two or more indirect inflammatory changes 

(e.g., fluid, fat stranding) are noted, even when the appendix is nonvisualized
D.is the gold standard for diagnosis and should be performed in all patients suspected 

of appendicitis

Answers: 11. B; 12. B; 13. D; 14. A; 15. C


