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hen Should We Order a CT Scan and When
hould We Rely on the Results to Diagnose
n Acute Appendicitis?
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BJECTIVE: The objective of this study was to retrospectively
nalyze the last 100 consecutive emergency appendectomies
erformed in the authors’ institution, which is a community-
ased teaching hospital, and look at the accuracy of the CT scan
n the diagnosis of acute appendicitis.

ESIGN: Retrospective clinical study.

ETTING: A 600-bed community-based teaching hospital.

ETHODS: The last 100 consecutive emergency appendecto-
ies, which were performed at New York Methodist Hospital

n 2004, were retrospectively analyzed. The collected data in-
luded the demographics of the patients, relevant history, phys-
cal examination, laboratory and radiological tests, and pathol-
gy results.

The statistical analyses were performed using the JMP ver-
ion 3.2 software (SAS Institute Inc., Cary, North Carolina).
n alpha value of 0.05 was used in all statistical analyses, and
values were considered as being statistically significant at or

elow the alpha value of 0.05.

ESULTS: There was no statistically significant correlation be-
ween the acute appendicitis and some of the typical presenting
ymptoms and signs of acute appendicitis (rebound tenderness,
ow-grade fever, elevated white blood cell count, and anorexia).

The sensitivity, specificity, positive predictive value, and neg-
tive predictive value of the CT scan in this retrospective anal-
sis were 96%, 75%, 98.5%, and 50%, respectively, with an
verall efficiency of 95%. However, the sensitivity, specificity,
ositive predictive value, and negative predictive value of the
T scan increased after reevaluation of the false-positive, false-
egative, and inconclusive CT results by an experienced radi-
logist in a blind fashion (97%, 100%, 100%, and 71%,
espectively). The correlation between the CT scan and the

orrespondence: Inquiries to Adil Ceydeli, MD, MS, Division of Plastic Surgery, Medical
t
ollege of Georgia, 1467 Harper Street, HB-5040, Augusta, GA 30912; e-mail: adilc@

xcite.com
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athology result was statistically significant when the CT result
as positive or negative (p � 0.0001).

ONCLUSION: The CT scan is indicated when the clinical
resentation is equivocal, and it will be helpful if the result is
ositive or interpreted as negative only by an experienced radi-
logy attending. (Curr Surg 63:464-468. © 2006 by the
ssociation of Program Directors in Surgery.)

EY WORDS: acute appendicitis, CT scan, CAT scan, nega-
ive appendectomy, appendectomy, computerized tomography

NTRODUCTION

cute appendicitis is the most common acute surgical condi-
ion of the abdomen. Periumblical abdominal pain, eventually
ocalizing to the right lower quadrant with peritoneal signs,
ow-grade fever, anorexia, and elevated white blood count is the
ypical textbook presentation of a patient with acute appendi-
itis.1 However, not every patient has a typical clinical presen-
ation and not every patient with typical presentation has acute
ppendicitis, which makes the diagnosis of acute appendicitis
till challenging.

Historically 15% to 20% of negative appendectomies were
cceptable in order to prevent the increased morbidity and mor-
ality of perforated appendicitis and diffuse peritonitis. There
as been and still is a great interest in the literature to decrease
he negative appendectomy rate by using a computed tomogra-
hy (CT) scan, while preventing the complications of undiag-
osed appendicitis, which could lead to gangrene and perfora-
ion if left untreated.

There are 2 schools of thought regarding the use of CT scan
or the diagnosis of acute appendicitis: one supporting its rou-
ine use due to the decreased incidence of negative appendec-
omies, and the other one against its routine use due to the
ncreased cost and delay in surgical management.

The objective of this study was to retrospectively analyze the
ast 100 consecutive emergency appendectomies performed in

he authors’ institution, which is a community-based teaching

ectors in Surgery 0149-7944/06/$30.00
doi:10.1016/j.cursur.2006.06.008
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ospital, and look at the accuracy of CT scan in the diagnosis of
cute appendicitis.

ATERIALS AND METHODS

he last 100 consecutive emergency appendectomies, which
ere performed at New York Methodist Hospital in 2004, were

etrospectively analyzed. The collected data included the de-
ographics of the patients, relevant history (anorexia/nausea/

omiting), physical examination (peritoneal signs, temperature,
nd heart rate on admission), laboratory and radiological tests
white blood cell count and preoperative computed tomogra-
hy scan using double contrast), and pathology results. All sur-
ical specimens were evaluated histologically by an attending
athologist. The CT scans, which were done during the night,
ere initially read by a PGY1-3 radiology resident on call (in-

xperienced radiologist); however, all studies were reported of-
cially by a radiology attending. The statistical analyses were

nitially performed according to the official CT scan results
eported, but the data were reanalyzed after the false-positive,
alse-negative, and inconclusive CT scan results were reevalu-
ted by an experienced radiology attending, who was advanced
ellowship trained in body imaging, in a blind fashion.

The same clinical history was provided to both radiologists,
hich consisted of right lower quadrant pain to rule out acute

ppendicitis.
The statistical analyses were performed using the JMP ver-

ion 3.2 software (SAS Institute Inc., Cary, North Carolina).
he nominal data were cross-classified in a contingency table

nd analyzed using the chi-square distribution and likelihood
atio test. The continuous data were analyzed using the one-way
nalysis of variance (ANOVA) table, and the means were com-
ared using Student’s t-test. An alpha value of 0.05 was used in
ll statistical analyses, and p values were considered as being
tatistically significant at or below the alpha value of 0.05.

ESULTS

he last 100 consecutive patients, who underwent appendec-
omy in 2004 with the preoperative diagnosis of acute appen-
icitis, were included in the study. The incidental and interval
ppendectomies were excluded. Fifty-seven procedures were
erformed laparoscopically, whereas 42 of them were per-
ormed through right lower quadrant incision. One case was
onverted to open.

ABLE 1. Symptoms, Signs, and Laboratory Findings in Acute A

Acute Appendiciti
Group (n � 89)

norexia/nausea/vomiting 75 (84%)
ebound tenderness 33 (37%)
emperature (°F) 98.8
eart rate (bpm) 92

hite blood cell count (K) 14.5

URRENT SURGERY • Volume 63/Number 6 • November/December 20
emographics

he age of the patients ranged between 4 and 66 years, and 59%
f the patients were men. Mean age of the patients was 29 � 2
nd 27 � 5 years in acute appendicitis and negative appendec-
omy groups, respectively, and there was no statistically signif-
cant age difference between these 2 groups (p � 0.65).

ymptoms, Signs, and Laboratory Findings

nly the symptoms, signs, and laboratory findings in the emer-
ency room admission were included in the statistical analyses
Table 1).

There was no significant difference between the acute appen-
icitis and negative appendectomy groups in any of the symp-
oms, signs, and laboratory findings investigated (Table 1).

omputed Tomography (CT) Scan Findings

verall, 100 patients underwent emergency appendectomy
ith the provisional diagnosis of acute appendicitis (Fig. 1). A

otal of 79 patients in the study group had a CT scan. Of these
9 patients, 69 patients had CT findings of acute appendicitis,
patients had an inconclusive study, and 6 patients had no CT

igns of appendicitis. The negative appendectomy rate in the 79
atients with a CT scan preoperatively was 7.6%. A CT scan
as not obtained preoperatively in 21 patients, and 5 of these
atients (24%) had negative appendectomies.
Overall, 68 patients with the positive CT findings had histo-

ogically confirmed acute appendicitis (true positive), and only
patient with positive CT findings (n � 1) did not have

ppendicitis (false positive). The correlation between the pos-
tive CT findings and positive histopathologic findings of acute
ppendicitis was statistically significant (p � 0.0001).

The CT scan was negative in 6 patients, in which 3 of these
atients had appendicitis (false negative), and the other 3 had
egative appendectomies (true negative). There was no signifi-
ant correlation between the CT result and pathology result if
he CT was inconclusive or negative.

The sensitivity, specificity, positive predictive value, and neg-
tive predictive value of the CT scan in this retrospective anal-
sis were 96%, 75%, 98.5%, and 50%, respectively, with an
verall efficiency of 95%.

There were a total of 4 inconclusive, 3 false-negative, and 1
alse-positive CT results. These 8 studies were reevaluated by an
xperienced radiologist, who was fellowship trained in body

icitis and Negative Appendectomy Groups

Negative Appendectomy
Group (n � 11) p Value

10 (91%) 0.53
4 (37%) 0.96

99.5 0.11
102 0.11
ppend

s

14.2 0.79

06 465
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maging, in a blind fashion, and after the second evaluation,
here were only 3 inconclusive, 2 false-negative, and 0 false-
ositive CT results. When the data were reanalyzed according
o these new results, the sensitivity of the CT scan increased to
7% from 96%, the positive predictive value increased to
00% from 98.5%, the specificity increased to 100% from
5%, and the negative predictive value increased to 71%
rom 50% (Table 2). The correlation between the CT scan and
he pathology result was statistically significant when the CT
esult was positive or negative (p � 0.0001).

ISCUSSION

ppendectomy is one of the most common general surgical
rocedures performed in the United States; however, diagnos-
ng the acute appendicitis remains challenging despite the in-
reased use of the CT scan and ultrasonography.

There has been, and still is, a great interest in the literature in
he accuracy of the CT scan to diagnose acute appendicitis to
revent unnecessary negative laparotomies. There are mainly 2
chools of thoughts: one supporting its routine use2-11 and the
ther against it,12-16 reserving it for selected cases, which shows
he ongoing debate in the literature and the absence of an ac-
epted standard of care in this matter.

The supporters of the CT scan to diagnose acute appendicitis
rgue that the CT scan is a highly sensitive and specific test,

ABLE 2. The Sensitivity, Specificity, Positive, and Negative Pre

CT Interp
Inexperience

alse-negative results 3
alse-positive results 1
nconclusive results 4
ensitivity 96
pecificity 75
ositive predictive value 98

FIGURE 1. The pathology resul
egative predictive value 50%

66 CURRENT
hich will decrease the negative appendectomy rates, thus re-
ucing the hospital cost2 without delaying surgery in cases of
rue appendicitis. The pro-CT scan group published a sensitiv-
ty rate ranging 92% to 99% and a specificity rate of 88% to
00%.3-9 The negative appendectomy rate may be as high as
8% in certain patient populations (women of child-bearing
ge) with clinical diagnosis alone.17 With the advent of the CT
can, the negative appendectomy rate may be reduced to as low
s 2%.11

On the other hand, there are studies in the literature showing
o significant change in the negative appendectomy rates even
ith the liberal use of the CT scan.12-15 The anti-CT scan
roup further argues that the use of the CT scan for diagnosing
cute appendicitis significantly increases the emergency
oom and hospital stay, delays the interval before surgical
ntervention, and increases the cost, while not helping to
educe the negative appendectomy rates; thus, its routine use
s not warranted.12-15

This retrospective study showed that the negative appendec-
omy rate was much less in the CT group (7.6%) than in the
on-CT group (24%), and the CT scan for diagnosing the
atients with acute appendicitis had a high sensitivity (96%),
ositive predictive value (98.5%), and overall efficiency (95%);
owever, the specificity and negative predictive values were very

ow (75% and 50%, respectively). However, when the incon-

Values of the CT Scan for Acute Appendicitis

on by
diologist

CT Interpretation by
Experienced Radiologist

2
0
3

97%
100%
100%

CT findings of the 100 patients.
dictive

retati
d Ra

%
%
.5%
71%
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lusive, false-negative, and false-positive studies were reevalu-
ted by an experienced radiologist, the sensitivity, specific-
ty, positive, and negative predictive values all increased to
7%, 100%, 100%, and 71%, respectively (Table 2). The
ncrease in specificity and negative predictive value was par-
icularly significant.

Even though the rebound tenderness, low-grade fever, ele-
ated white blood cell count, and anorexia are some typical
resenting symptoms and signs of acute appendicitis in a pa-
ient with an abdominal pain, this study failed to show a statis-
ically significant correlation. However, the evaluation of the
atient in a timely manner by an experienced surgeon, along
ith the interpretation of these clinical symptoms and signs
n a patient-by-patient basis, is the best way to establish a
iagnosis or decide whether the patient needs a CT scan. To
ain the clinical experience, the residents in training should
ot solely rely on the CT scan in their differential evaluation
f not only acute appendicitis but also any abdominal
ain.18

The conclusion of the study is not when to order a CT scan,
ut rather when to rely on a CT scan in diagnosing acute ap-
endicitis. The data suggest that the CT scan is a very accurate
est to rule in acute appendicitis when the study is positive;
owever, when the study is inconclusive or negative, it is inter-
reter dependant, and its specificity may change significantly
epending on the experience level of the radiologist. One may
rgue that it is common sense that the readings of a CT scan
ay differ between an attending or resident radiologist, and all
T scans should be read by an attending radiologist. This
ould be ideal in a perfect setting; however, in this community-
ased hospital, as well as in many hospitals across the United
tates, the initial CT scans are read by radiology residents,
specially late at night. If the reading of the CT scan will dictate
he treatment plan, as in equivocal cases of appendicitis, then it
s very important to know when to rely on a resident’s interpre-
ation, which this study concludes.

ONCLUSION

he evaluation of the patient in a timely manner by an experi-
nced surgeon, along with the interpretation of the clinical
ymptoms and signs on a patient-by-patient basis, is the best
ay to establish the diagnosis of acute appendicitis and/or to
ecide whether the patient needs a CT scan.
The CT scan is indicated when the clinical presentation is

quivocal, and it will be helpful if the result is positive or inter-
reted as negative only by an experienced radiology attending.
f the clinical presentation is equivocal and the CT scan is
eported by an inexperienced radiologist as negative or incon-
lusive for acute appendicitis, then one can go either way, op-
rate or observe until an experienced radiologist reevaluates the
T scan, preferably with the presence of the surgical attending;
ither approach will be acceptable.

URRENT SURGERY • Volume 63/Number 6 • November/December 20
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