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Should We Rely on the Results to Diagnose
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OBJECTIVE: The objective of this study was to retrospectively
analyze the last 100 consecutive emergency appendectomies
performed in the authors’ institution, which is a communitybased teaching hospital, and look at the accuracy of the CT scan
in the diagnosis of acute appendicitis.
DESIGN: Retrospective clinical study.
SETTING: A 600-bed community-based teaching hospital.
METHODS: The last 100 consecutive emergency appendecto-

mies, which were performed at New York Methodist Hospital
in 2004, were retrospectively analyzed. The collected data included the demographics of the patients, relevant history, physical examination, laboratory and radiological tests, and pathology results.
The statistical analyses were performed using the JMP version 3.2 software (SAS Institute Inc., Cary, North Carolina).
An alpha value of 0.05 was used in all statistical analyses, and
p values were considered as being statistically significant at or
below the alpha value of 0.05.
RESULTS: There was no statistically significant correlation be-

tween the acute appendicitis and some of the typical presenting
symptoms and signs of acute appendicitis (rebound tenderness,
low-grade fever, elevated white blood cell count, and anorexia).
The sensitivity, specificity, positive predictive value, and negative predictive value of the CT scan in this retrospective analysis were 96%, 75%, 98.5%, and 50%, respectively, with an
overall efficiency of 95%. However, the sensitivity, specificity,
positive predictive value, and negative predictive value of the
CT scan increased after reevaluation of the false-positive, falsenegative, and inconclusive CT results by an experienced radiologist in a blind fashion (97%, 100%, 100%, and 71%,
respectively). The correlation between the CT scan and the
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pathology result was statistically significant when the CT result
was positive or negative (p ⫽ 0.0001).
CONCLUSION: The CT scan is indicated when the clinical

presentation is equivocal, and it will be helpful if the result is
positive or interpreted as negative only by an experienced radiology attending. (Curr Surg 63:464-468. © 2006 by the
Association of Program Directors in Surgery.)
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INTRODUCTION
Acute appendicitis is the most common acute surgical condition of the abdomen. Periumblical abdominal pain, eventually
localizing to the right lower quadrant with peritoneal signs,
low-grade fever, anorexia, and elevated white blood count is the
typical textbook presentation of a patient with acute appendicitis.1 However, not every patient has a typical clinical presentation and not every patient with typical presentation has acute
appendicitis, which makes the diagnosis of acute appendicitis
still challenging.
Historically 15% to 20% of negative appendectomies were
acceptable in order to prevent the increased morbidity and mortality of perforated appendicitis and diffuse peritonitis. There
has been and still is a great interest in the literature to decrease
the negative appendectomy rate by using a computed tomography (CT) scan, while preventing the complications of undiagnosed appendicitis, which could lead to gangrene and perforation if left untreated.
There are 2 schools of thought regarding the use of CT scan
for the diagnosis of acute appendicitis: one supporting its routine use due to the decreased incidence of negative appendectomies, and the other one against its routine use due to the
increased cost and delay in surgical management.
The objective of this study was to retrospectively analyze the
last 100 consecutive emergency appendectomies performed in
the authors’ institution, which is a community-based teaching
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hospital, and look at the accuracy of CT scan in the diagnosis of
acute appendicitis.

MATERIALS AND METHODS
The last 100 consecutive emergency appendectomies, which
were performed at New York Methodist Hospital in 2004, were
retrospectively analyzed. The collected data included the demographics of the patients, relevant history (anorexia/nausea/
vomiting), physical examination (peritoneal signs, temperature,
and heart rate on admission), laboratory and radiological tests
(white blood cell count and preoperative computed tomography scan using double contrast), and pathology results. All surgical specimens were evaluated histologically by an attending
pathologist. The CT scans, which were done during the night,
were initially read by a PGY1-3 radiology resident on call (inexperienced radiologist); however, all studies were reported officially by a radiology attending. The statistical analyses were
initially performed according to the official CT scan results
reported, but the data were reanalyzed after the false-positive,
false-negative, and inconclusive CT scan results were reevaluated by an experienced radiology attending, who was advanced
fellowship trained in body imaging, in a blind fashion.
The same clinical history was provided to both radiologists,
which consisted of right lower quadrant pain to rule out acute
appendicitis.
The statistical analyses were performed using the JMP version 3.2 software (SAS Institute Inc., Cary, North Carolina).
The nominal data were cross-classified in a contingency table
and analyzed using the chi-square distribution and likelihood
ratio test. The continuous data were analyzed using the one-way
analysis of variance (ANOVA) table, and the means were compared using Student’s t-test. An alpha value of 0.05 was used in
all statistical analyses, and p values were considered as being
statistically significant at or below the alpha value of 0.05.

RESULTS
The last 100 consecutive patients, who underwent appendectomy in 2004 with the preoperative diagnosis of acute appendicitis, were included in the study. The incidental and interval
appendectomies were excluded. Fifty-seven procedures were
performed laparoscopically, whereas 42 of them were performed through right lower quadrant incision. One case was
converted to open.

Demographics
The age of the patients ranged between 4 and 66 years, and 59%
of the patients were men. Mean age of the patients was 29 ⫾ 2
and 27 ⫾ 5 years in acute appendicitis and negative appendectomy groups, respectively, and there was no statistically significant age difference between these 2 groups (p ⫽ 0.65).
Symptoms, Signs, and Laboratory Findings
Only the symptoms, signs, and laboratory findings in the emergency room admission were included in the statistical analyses
(Table 1).
There was no significant difference between the acute appendicitis and negative appendectomy groups in any of the symptoms, signs, and laboratory findings investigated (Table 1).
Computed Tomography (CT) Scan Findings
Overall, 100 patients underwent emergency appendectomy
with the provisional diagnosis of acute appendicitis (Fig. 1). A
total of 79 patients in the study group had a CT scan. Of these
79 patients, 69 patients had CT findings of acute appendicitis,
4 patients had an inconclusive study, and 6 patients had no CT
signs of appendicitis. The negative appendectomy rate in the 79
patients with a CT scan preoperatively was 7.6%. A CT scan
was not obtained preoperatively in 21 patients, and 5 of these
patients (24%) had negative appendectomies.
Overall, 68 patients with the positive CT findings had histologically confirmed acute appendicitis (true positive), and only
1 patient with positive CT findings (n ⫽ 1) did not have
appendicitis (false positive). The correlation between the positive CT findings and positive histopathologic findings of acute
appendicitis was statistically significant (p ⫽ 0.0001).
The CT scan was negative in 6 patients, in which 3 of these
patients had appendicitis (false negative), and the other 3 had
negative appendectomies (true negative). There was no significant correlation between the CT result and pathology result if
the CT was inconclusive or negative.
The sensitivity, specificity, positive predictive value, and negative predictive value of the CT scan in this retrospective analysis were 96%, 75%, 98.5%, and 50%, respectively, with an
overall efficiency of 95%.
There were a total of 4 inconclusive, 3 false-negative, and 1
false-positive CT results. These 8 studies were reevaluated by an
experienced radiologist, who was fellowship trained in body

TABLE 1. Symptoms, Signs, and Laboratory Findings in Acute Appendicitis and Negative Appendectomy Groups

Anorexia/nausea/vomiting
Rebound tenderness
Temperature (°F)
Heart rate (bpm)
White blood cell count (K)

Acute Appendicitis
Group (n ⴝ 89)

Negative Appendectomy
Group (n ⴝ 11)

p Value

75 (84%)
33 (37%)
98.8
92
14.5

10 (91%)
4 (37%)
99.5
102
14.2

0.53
0.96
0.11
0.11
0.79
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FIGURE 1. The pathology results and CT findings of the 100 patients.

imaging, in a blind fashion, and after the second evaluation,
there were only 3 inconclusive, 2 false-negative, and 0 falsepositive CT results. When the data were reanalyzed according
to these new results, the sensitivity of the CT scan increased to
97% from 96%, the positive predictive value increased to
100% from 98.5%, the specificity increased to 100% from
75%, and the negative predictive value increased to 71%
from 50% (Table 2). The correlation between the CT scan and
the pathology result was statistically significant when the CT
result was positive or negative (p ⫽ 0.0001).

DISCUSSION
Appendectomy is one of the most common general surgical
procedures performed in the United States; however, diagnosing the acute appendicitis remains challenging despite the increased use of the CT scan and ultrasonography.
There has been, and still is, a great interest in the literature in
the accuracy of the CT scan to diagnose acute appendicitis to
prevent unnecessary negative laparotomies. There are mainly 2
schools of thoughts: one supporting its routine use2-11 and the
other against it,12-16 reserving it for selected cases, which shows
the ongoing debate in the literature and the absence of an accepted standard of care in this matter.
The supporters of the CT scan to diagnose acute appendicitis
argue that the CT scan is a highly sensitive and specific test,

which will decrease the negative appendectomy rates, thus reducing the hospital cost2 without delaying surgery in cases of
true appendicitis. The pro-CT scan group published a sensitivity rate ranging 92% to 99% and a specificity rate of 88% to
100%.3-9 The negative appendectomy rate may be as high as
38% in certain patient populations (women of child-bearing
age) with clinical diagnosis alone.17 With the advent of the CT
scan, the negative appendectomy rate may be reduced to as low
as 2%.11
On the other hand, there are studies in the literature showing
no significant change in the negative appendectomy rates even
with the liberal use of the CT scan.12-15 The anti-CT scan
group further argues that the use of the CT scan for diagnosing
acute appendicitis significantly increases the emergency
room and hospital stay, delays the interval before surgical
intervention, and increases the cost, while not helping to
reduce the negative appendectomy rates; thus, its routine use
is not warranted.12-15
This retrospective study showed that the negative appendectomy rate was much less in the CT group (7.6%) than in the
non-CT group (24%), and the CT scan for diagnosing the
patients with acute appendicitis had a high sensitivity (96%),
positive predictive value (98.5%), and overall efficiency (95%);
however, the specificity and negative predictive values were very
low (75% and 50%, respectively). However, when the incon-

TABLE 2. The Sensitivity, Specificity, Positive, and Negative Predictive Values of the CT Scan for Acute Appendicitis

False-negative results
False-positive results
Inconclusive results
Sensitivity
Specificity
Positive predictive value
Negative predictive value
466

CT Interpretation by
Inexperienced Radiologist

CT Interpretation by
Experienced Radiologist

3
1
4
96%
75%
98.5%
50%

2
0
3
97%
100%
100%
71%
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clusive, false-negative, and false-positive studies were reevaluated by an experienced radiologist, the sensitivity, specificity, positive, and negative predictive values all increased to
97%, 100%, 100%, and 71%, respectively (Table 2). The
increase in specificity and negative predictive value was particularly significant.
Even though the rebound tenderness, low-grade fever, elevated white blood cell count, and anorexia are some typical
presenting symptoms and signs of acute appendicitis in a patient with an abdominal pain, this study failed to show a statistically significant correlation. However, the evaluation of the
patient in a timely manner by an experienced surgeon, along
with the interpretation of these clinical symptoms and signs
on a patient-by-patient basis, is the best way to establish a
diagnosis or decide whether the patient needs a CT scan. To
gain the clinical experience, the residents in training should
not solely rely on the CT scan in their differential evaluation
of not only acute appendicitis but also any abdominal
pain.18
The conclusion of the study is not when to order a CT scan,
but rather when to rely on a CT scan in diagnosing acute appendicitis. The data suggest that the CT scan is a very accurate
test to rule in acute appendicitis when the study is positive;
however, when the study is inconclusive or negative, it is interpreter dependant, and its specificity may change significantly
depending on the experience level of the radiologist. One may
argue that it is common sense that the readings of a CT scan
may differ between an attending or resident radiologist, and all
CT scans should be read by an attending radiologist. This
would be ideal in a perfect setting; however, in this communitybased hospital, as well as in many hospitals across the United
States, the initial CT scans are read by radiology residents,
especially late at night. If the reading of the CT scan will dictate
the treatment plan, as in equivocal cases of appendicitis, then it
is very important to know when to rely on a resident’s interpretation, which this study concludes.
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