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Background & Aims: Our aim was to investigate whether
diagnostic imaging is required if the clinical presenta-
tion suggests acute appendicitis with high probability.
Methods: On the basis of clinical findings, 350 consec-
utive patients with clinical suspicion of acute appendi-
citis were prospectively divided into 3 groups as follows:
low, intermediate, and high probability of having appen-
dicitis. All patients then underwent diagnostic ultra-
sonography. The clinical likelihood of appendicitis and
the ultrasonographic results were correlated with the
definite diagnoses. Results: In the patients with clinically
low probability of having appendicitis, appendicitis was
present in 10% (11 of 109 patients), and, in those with
intermediate probability, appendicitis was present in
24% (23 of 97 patients). Patients with clinically high
probability of having appendicitis had appendicitis in
65% (94 of 144 patients), an alternative diagnosis in
18% (26 of 144 patients), and no specific definitive
diagnosis in 17% (24 of 144 patients). Ultrasonography
diagnosed appendicitis and the differential diagnoses
with a sensitivity of 98% and 97%, specificity of 98%
and 100%, positive predictive value of 96% and 99%,
negative predictive values of 99% and 99%, and accu-
racy of 98% and 99%, respectively. Conclusions: Even in
patients with clinically high probability of acute appen-
dicitis, diagnostic imaging should be performed because
it accurately depicts a high percentage of normal appen-
dices and differential diagnoses.

Acute appendicitis is one of the most common causes
of acute abdomen disorders, with at least 250,000

cases per year in the United States alone.1,2 Diagnosis is
based mainly on the clinical presentation, physical ex-
amination, and simple laboratory tests. Although the
clinical symptoms are often characteristic, other disor-
ders such as mesenteric lymphadenitis, bacterial ileoce-
citis, enteritis, acute diverticulitis, ureteral calculi, and
pelvic inflammatory disease can mimic acute appendici-
tis.1,3,4 To improve diagnostic accuracy, cross-sectional
imaging modalities such as ultrasonography and com-
puted tomography (CT) are widely used and state of the

art.1,5–14 These imaging modalities, in addition to the
clinical evaluation, are of considerable value in patients
with atypical presentation or equivocal clinical find-
ings.1,3,5–8,10–12,15–24 Several authors stated that patients
with a clinically high suspicion of acute appendicitis
should directly undergo appendectomy without diagnos-
tic imaging preoperatively, but the majority of the stud-
ies did not provide sufficient data to support the asser-
tion.1,5,6,8,12,15,17,25–27 The present study was carried out
to prospectively investigate whether cross-sectional im-
aging should be performed in patients with a clinically
high probability of having acute appendicitis.

Materials and Methods
The study included all 350 patients (191 women, 159

men; mean age, 33 years; age range, 5–92 years) with clinical
suspicion of acute appendicitis, who were admitted to the
surgery department of a single hospital within a time period of
3 years. In the surgery department, the patients underwent
evaluation of clinical history and physical examination, which
were performed by 1 of 4 surgeons. The experience of these
surgeons in abdominal surgery covered a practice period be-
tween 4 and 25 years, with a mean of 13 years. The experience
of the surgeons was regarded as important because the clinical
evaluation of a patient with abdominal symptoms also requires
considerable experience, which can hardly be quantified. In
addition, simple tests such as temperature, erythrocyte sedi-
mentation rate, complete blood count, C-reactive protein, and
urinalysis were performed. Immediately afterwards, the sur-
geons were requested to estimate the patients’ likelihood of
having acute appendicitis on the basis of clinical history,
physical examination, and assessed tests. Three categories were
offered, including low, intermediate, and high probability of
acute appendicitis. Then, all patients were referred to an
ultrasonographic examination of the appendix and the abdo-
men, which was performed by 1 of 4 radiologists, who were
highly experienced in gastrointestinal ultrasonography. The
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applied ultrasonographic criteria to discriminate an acutely
inflamed appendix from a normal one included the location of
the point of maximum tenderness, the outer appendiceal di-
ameter (cutoff point for appendicitis � 6 mm), the appendiceal
compressibility, the hyperechoic periappendiceal fatty tissue,
the appendiceal shape, the gas in the appendiceal lumen, the
blood flow in the appendiceal wall detected at color Doppler
sonography, and the appendoliths. The investigators were
blinded to the results of the physical examination and tests but
not to the patients’ symptoms. Immediately after imaging, the
investigators had to describe the ultrasonographic findings and
had to give a clear ultrasonographic diagnosis on a prepared
sheet of paper. If the appendix and/or a differential diagnosis
were detectable, the ultrasonographic investigation was con-
sidered as conclusive, whereas the failure to detect the appen-
dix and the simultaneous failure to detect a differential diag-
nosis were taken as an inconclusive investigation.

Ultrasonography was performed on commercially available
high-quality equipment (HDI 3000 unit; Advanced Technol-
ogy Laboratories, Bothell, WA and AU4 unit; Esaote, Flo-
rence, Italy) with 2–5 MHz curved-array and 5–10 MHz
linear-array transducers.

The definite diagnoses were established and confirmed at
surgery and histologic examination in 154 patients and at
clinical follow-up in 196 patients. The histologic criteria for
acute appendicitis included the accumulation of leucocytes
throughout the appendiceal wall. Appendices with catarrhal or
erosive inflammatory changes at histologic examination were
not considered as acutely inflamed for the study. The definite
diagnoses were correlated with the clinical likelihood of acute
appendicitis, ultrasonographic results, patient age, and patient
sex.

For statistical analysis, we calculated the sensitivity, speci-
ficity, positive predictive value, and negative predictive value
of ultrasonography in diagnosing acute appendicitis and the
differential diagnoses by using 2 � 2 contingency tables. For
this assessment, inconclusive ultrasonographic examinations
were not excluded but taken as negative results. In patients
with a clinically high probability of having acute appendicitis,
age-related differences regarding the percentage of patients
with acute appendicitis, differential diagnoses, and normal
findings were tested using the Kruskal–Wallis test, and sex-
related differences were assessed using the Pearson’s �2 test. P
values less than 0.05 were considered as statistically signifi-
cant. Data analyses were performed using the statistical soft-
ware package SAS version 8.0 (SAS Institute, Cary, NC) for
Windows (Microsoft, Redmond, CA).

Results
The surgeons found that 109 patients had a low

probability, 97 patients an intermediate probability, and
144 patients a high probability of having acute appen-
dicitis. An overview of the proportion of patients with
acute appendicitis, differential diagnoses, and normal

findings with regard to the clinical likelihood of acute
appendicitis is shown in Figure 1 and Table 1.

Percentages and frequencies of occurrence of acute
appendicitis, differential diagnoses, and normal findings
in correlation with patient age are listed in Table 2. All
definite diagnoses and missed diagnoses at ultrasonogra-
phy in correlation to the clinical likelihood of appendi-
citis are listed in Table 3. Clinical information and
outcome in the patients with missed diagnoses at ultra-
sonography are shown in Table 4.

In patients with a clinically high probability of having
acute appendicitis who were aged between 15 and 45
years, female patients had acute appendicitis in 25 of 43
patients (58%), differential diagnoses in 9 of 43 patients
(21%), and normal findings in 9 of 43 patients (21%),
whereas male patients had acute appendicitis in 27 of 36
patients (75%), differential diagnoses in 5 of 36 patients
(14%), and normal findings in 4 of 36 patients (11%).
However, these differences between female and male
patients were not statistically significant (P � 0.05).

Conclusive ultrasonographic examinations were noted
in 314 of 350 patients (90%). In patients with a clini-
cally low probability of having appendicitis, conclusive
ultrasonographic examinations were present in 91 of 109
cases (83%); in patients with an intermediate probabil-
ity, in 83 of 97 cases (86%); and, in patients with a high
probability, in 140 of 144 patients (97%).

Figure 1. The proportion of definite diagnoses. Horizontal striped
areas are for patients with acute appendicitis. Slanted striped areas
are for patients with differential diagnoses. Empty areas are for
patients with no abnormal findings. The low probability column repre-
sents 109 patients with a clinically low probability of having acute
appendicitis. The intermediate probability column represents 97 pa-
tients with a clinically intermediate probability of having acute appen-
dicitis. The high probability column represents 144 patients with a
clinically high probability of having acute appendicitis. Each patient
group is 100%.
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Inconclusive ultrasonographic examinations were
noted in 36 of 350 patients (10%). There was only 1
inconclusive investigation among all 128 patients with
acute appendicitis (1%) and only 4 inconclusive investi-
gations among the 144 patients with clinically high
probability of having acute appendicitis (3%). In 24 of
36 patients with an inconclusive ultrasonographic exam-
ination (67%), an additional helical CT scan was per-
formed, which revealed acute appendicitis in 1 patient
and a differential diagnosis in 1 patient. In 12 of 36
patients with an inconclusive ultrasonographic examina-
tion (33%), no additional imaging test was deemed
urgent by the involved surgeon.

Ultrasonographic results were false negative in 2 of
128 patients with acute appendicitis, in 1 patient with
adnexitis, in 1 patient with a ureteral stone, and in 1
patient with right-sided epiploic appendagitis (1 cm in
size) (Table 3). Clinical information and outcome in each
of these patients are given in Table 4.

Ultrasonography led to a false-positive interpretation
of acute appendicitis in 5 patients. Sensitivity, specific-
ity, positive predictive value, and negative predictive
value of ultrasonography in diagnosing acute appendici-
tis and in diagnosing differential diagnoses are shown in
Table 5.

The surgeons made their decision regarding treatment
on the basis of the results of the conclusive ultrasono-
graphic examinations in 310 of 314 patients (99%). One
of the remaining 4 patients had acute appendicitis at
surgery, and, in 3 patients, a normal appendix was
removed.

In 142 of 350 patients in our study, appendectomy
was performed, with 128 patients found to have acute
appendicitis. In the remaining 14 patients, the surgically

removed appendix was not inflamed at histologic exam-
ination, resulting in a negative appendectomy rate of
10% (14 of 142).

Discussion
The main merit of cross-sectional imaging in

patients with suspicion of acute appendicitis lies largely
in the ability to depict the disease in patients who
present with equivocal clinical signs and where the di-
agnosis is therefore in doubt.1,3,5–8,10–12,15–24 Accord-
ingly, the results of our study showed that ultrasonog-
raphy accurately helped to determine the few inflamed
appendices, many normal appendices, and several differ-
ential diagnoses in patients with a clinically low and
intermediate probability of acute appendicitis (Tables 1,
3, and 5). Which established imaging method, CT,
ultrasonography, or both, is used largely depends on the
institutional preference and experience available.10,11,14

Several authors stated that cross-sectional imaging is not
necessary if a patient clinically presents with a high
suspicion of acute appendicitis.1,5,6,8,12,15,17,25–27 How-
ever, only a few articles provided data to discuss this
assertion.3,15,17,26–28

We identified 3 important requirements for diagnostic
imaging to have an impact on the successful treatment of
the patients with a clinically high probability of acute
appendicitis. One was that the percentage of patients
without appendicitis has to be relatively high. Another
was that the imaging method used has to accurately
depict acutely inflamed appendices as well as differential
diagnoses. Another requirement was that the surgeons
have to treat according to the imaging diagnosis if the
investigation is conclusive.

Table 1. Proportion of Definite Diagnoses in the 3 Patient Groups Characterized as Clinically Low, Intermediate, and
High Probability of Having Acute Appendicitis in a Total of 350 Patients (Each Patient Group Is 100 Percent)

Definite diagnosis

Low probability
of appendicitis, %

(patients)

Intermediate probability
of appendicitis, %

(patients)

High probability
of appendicitis,
% (patients)

Acute appendicitis 10 (11/109) 24 (23/97) 65 (94/144)
Differential diagnoses 31 (34/109) 38 (37/97) 18 (26/144)
Normal findings 59 (64/109) 38 (37/97) 17 (24/144)

Table 2. Percentages and Frequencies of Occurrence of Acute Appendicitis, Differential Diagnoses, and Normal Findings in
Correlation With Patient Age in a Total of 350 Patients

Definite diagnosis
0–14 Years of age, %

(patients)
15–45 Years of age, %

(patients)
46–92 Years of age, %

(patients)

Acute appendicitis 25.5 (13/51) 31 (63/201) 53 (52/98)
Differential diagnoses 31.5 (16/51) 29 (58/201) 23.5 (23/98)
Normal findings 43 (22/51) 40 (80/201) 23.5 (23/98)
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The results of our study, which indicated that only 94
of 144 patients (65%) with a clinically high probability
of acute appendicitis had the disease, were in accordance
with a study by Schwerk et al.,3 in which, similarly, 85
of 131 patients (65%) with a clinically high suspicion
had acute appendicitis. In our opinion, such a high
percentage of differential diagnoses and normal findings
in that study group (Tables 1 and 3) justifies preoperative
imaging. However, in 2 articles, the authors did not find
preoperative imaging reasonable because of a very high
prevalence of appendicitis in patients with a clinically
high probability, namely 94% (109 of 116) and 90% (94
of 105), respectively.15,17 One possible reason for the
high percentages might be that they defined the patient
groups as clinically unequivocal appendicitis in one
study and typical presentation or high clinical probabil-
ity in the other.15,17 Nevertheless, the extraordinarily
high percentage of appendicitis remains unclear in our
opinion. Furthermore, they did not mention whether
they encountered differential diagnoses in that patient
group.15,17

It can be questioned whether there was a sex- and/or
age-related difference in the likelihood of having acute
appendicitis within the high probability group in our
study, which would possibly justify defining a subgroup
of patients that would not have required preoperative
imaging. Especially between young adult female and
male patients, a noticeable difference might be expected
because of the spectrum of gynecologic disorders mim-

Table 3. Definite Diagnoses in 350 Patients With a
Clinically Low (n � 109), Intermediate (n � 97),
and High (n � 144) Probability of Having
Acute Appendicitis

Diagnoses

Low
probability

of appendicitis

Intermediate
probability

of appendicitis

High
probability

of appendicitis

Normal findings 64 37 24
Acute appendicitis 11 22�1 93�1
Enteritis 15 8 1
Ileitis 2 2 0
Ileocolitis 1 3 4
Colitis 3 4 1
Mesenteric adenitis 2 7 3
Acute right-sided

colonic diverticulitis 0 1 5
Acute sigmoid diverticulitis 0 2 0
Carcinoma of colon 2 1 0
Incomplete ileus 1 1 0
Incarcerated hernia 1 0 0
Crohn’s disease 1 0 1
Sigmoid volvulus 0 1 0
Mesenteric infarction 1 0 0
Acute cholecystitis 0 1 0
Acute inflammation of

Meckel’s diverticulum 0 0 1
Epiploic appendagitis 0 0 1�1
Ovarian cyst 3 3 1
Adnexitis 0 1 2
Ectopic pregnancy 0 0 1
Ureteral calculus 1 1 2�1
Pyelitis 1 1 0
Pyonephrosis 0 0 1

NOTE. Numbers of patients with missed diagnoses at ultrasonogra-
phy are boldfaced.

Table 4. Clinical Information and Outcome in the Patients With Missed Diagnoses at Ultrasonography

Patient
no. Definite diagnoses

Patient’s
age and
sex

Symptoms and duration
of symptoms

before hospital admission
Ultrasonographic

diagnoses
Other imaging
examinations Therapy

Time
delay to
adequate
therapy

1 Perforated gangrenous
appendicitis with
abscess (2 cm in size)

49, F Diffuse abdominal pain
pronounced in the
lower abdomen for 2
days

Normal appendix and ileocolitis Next day:
sonography and
CT; CT
diagnosis:
appendicitis

Appendectomy 20 Hours

2 Phlegmonous appendicitis
with fecolith

46, F Pain in the right lower
quadrant for 1 day

Normal appendix but distal
portion (retrocecally located)
not visible

None Appendectomy None

3 Adnexitis 35, F Pain in the right lower
quadrant for 1 day

Normal appendix and no
differential diagnosis
detectable

Gynecologist:
physical
examination
and trans
vaginal
sonography

Antibiotic None

4 Small mucocele, right-sided
ureteral stone, perirenal
urinoma, and hematoma

77, M Pain in the right lower
quadrant for 2 days

Appendix not detectable but
appendicitis assumed
because free fluid and fluid
around ascending colon
visible, no differential
diagnosis detectable

Sonography and CT
3 days later;
diagnosis:
ureteral stone
and perirenal
urinoma and
hematoma

Appendectomy,
ureteral
catheter 3
days later,
lithotripsy 28
days later

3 Days

5 Epiploic appendagitis (1 cm
in size)

40, M Pain in the right lower
quadrant for 3 days

Appendix not detectable, no
differential diagnosis
detectable

None Laparotomy with
removal of
inflamed
appendix
epiploicum

None
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icking appendicitis. Jeffrey et al.22 stated that, in young
men, the limited number of alternative diagnoses usually
permits a high degree of diagnostic accuracy. In fact, the
differential diagnoses are reduced by gynecologic disor-
ders. Also, diseases such as sigmoid diverticulitis, neo-
plasms, and bowel ischemia are less frequent than in the
elderly. However, even in young men, there are several
important groups of common differential diagnoses, in-
cluding inflammatory bowel diseases such as enteritis,
ileocolitis, colitis, mesenteric adenitis, and acute right-
sided colonic diverticulitis and urinary tract diseases such
as ureteral calculi, besides various, less common condi-
tions such as epiploic appendagitis, omental infarction,
and Crohn’s disease. The results of our study demon-
strated that, even in young men with a clinically high
probability of acute appendicitis, there was a 25% risk (9
of 36 patients) that no detectable disease or differential
diagnosis was present, a percentage that, in our opinion,
justifies preoperative imaging. An example for an impor-
tant differential diagnosis, which usually occurs in young
patients, is acute right-sided diverticulitis, a disease that
is often clinically indiscernible from acute appendicitis
and does not necessarily require surgical treatment.29–31

All of our patients with acute right-sided diverticulitis
(n � 6) were correctly diagnosed with ultrasonography,
subsequently treated without surgery, and had an un-
eventful recovery. The differential diagnoses in the pa-
tients in our study with a clinically high probability of
acute appendicitis (Table 3) showed that abdominal sur-
gery was the treatment of choice in only 2 of 26 patients
(8%). In addition, the differential diagnoses in that
patient group included 4 patients with urinary tract
diseases (15%), which would have been overlooked if
diagnostic imaging had not been performed. Among the
urinary tract diseases, one was a case of life-threatening
pyonephrosis, in which immediate percutaneous drain-
age was necessary.

Another requirement was that the imaging method
used must be sensitive and specific. In our study, sensi-
tivity and specificity of imaging in diagnosing acute
appendicitis and in diagnosing the differential diagnoses
was at least 97% (Table 5). In the patient group with a

clinically high probability of having acute appendicitis,
we encountered 3 of 144 patients (2%) with a false-
negative imaging result. One patient had acute appen-
dicitis, 1 patient had a ureteral stone, and 1 patient had
epiploic appendagitis. In the high probability group, we
also had 3 of 144 patients (2%) in whom the appendix
was falsely interpreted as acutely inflamed at ultrasonog-
raphy. Despite these limitations, ultrasonography had a
sufficiently high diagnostic accuracy, justifying preoper-
ative imaging. In our experience, false-negative ultra-
sonographic results of appendicitis are much more rele-
vant than false-positive results in a disease in which a
relatively high rate of negative appendectomies was tra-
ditionally considered unavoidable. A relatively high rate
of false-negative imaging results was one of the main
reasons why diagnostic imaging was regarded as unwar-
ranted in some studies.15,17,26,27 Despite a relatively high
percentage of differential diagnoses and normal findings
in their high probability group, Schwerk et al.3 did not
mention whether cross-sectional imaging was helpful in
that patient group. Similar to the studies mentioned
above, this may be attributed to a relatively high rate of
false-negative ultrasonographic results (12 of 131 pa-
tients).3 In contrast, a very low rate of false-negative
ultrasonographic results (1 of 143 cases) was the main
reason why Chen et al.28 found preoperative imaging
useful in their high probability group.

With regard to false-negative ultrasonographic re-
sults, it is important to emphasize that, in recent years,
the definition of a negative imaging result for acute
appendicitis has changed markedly. From the beginning
of appendiceal cross-sectional imaging until the middle
1990s, nonvisualization of the appendix was interpreted
as a finding positive for a normal appendix because it was
rarely detectable.3,22,23,32 Today, as a consequence of
high-detection rates of normal appendices, which are up
to 62%, 78%, and 82% for ultrasonography33–35 and up
to 77%, 90%, and 97% for CT,1,36,37 a negative imaging
result is the detection of the appendix and identifying it
as normal.7,13 Today, the failure to detect the appendix
and the simultaneous failure to determine a differential
diagnosis should be taken as an inconclusive investiga-

Table 5. Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of Ultrasonography in Diagnosing
Acute Appendicitis and in Diagnosing Differential Diagnoses in a Total of 350 Patients

Sensitivity, %
(patients)

Specificity, %
(patients)

Positive
predictive value, %

(patients)

Negative
predictive value, %

(patients)

Acute appendicitis 98 (126/128) 98 (217/222) 96 (126/131) 99 (217/219)
Differential diagnoses 97 (94/97) 100 (252/253) 99 (94/95) 99 (252/255)

NOTE. For statistical analysis, inconclusive ultrasonographic examinations were taken as negative results.
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tion. In the case of an inconclusive cross-sectional imag-
ing investigation, an additional imaging modality
should be applied or the surgeon should make the deci-
sion regarding treatment independent of imaging. Ad-
hering to this procedure helps reduce the rate of false-
negative imaging results and increases the surgeons’
confidence in their radiologists.

Another requirement for diagnostic imaging to have
an impact on the successful treatment of patients with a
clinically high probability of acute appendicitis was that
the surgeons have to treat the patients according to the
imaging diagnoses if the investigations are conclusive.
At our hospital, the surgeons relied to a high degree on
the imaging results if the experienced radiologist defi-
nitely excluded appendicitis by imaging an unequivocal
normal appendix and/or by detecting a clear differential
diagnosis. In the case of an inconclusive investigation,
the referring surgeon was subsequently informed that
nothing abnormal was detectable but that the ultrasono-
graphic result could not be entirely relied on. We would
like to emphasize that caution is required, e.g., when
diagnosing enteritis with cross-sectional imaging with-
out visualization of the normal appendix because the
imaging signs of enteritis, fluid excess and increased
peristalsis in the small bowel, are unspecific. Acute ap-
pendicitis can induce an appearance in the small bowel of
the lower abdomen that resembles enteritis. Adhering to
the above-mentioned definition of a conclusive investi-
gation, a false-negative imaging result with regard to
acute appendicitis was extremely rare in our study (2 of
350 patients). Imaging did not replace a sophisticated
clinical work up but was observed as a valuable aid for
the surgeon if a clear diagnosis was detected. The sur-
geons’ confidence in our imaging results did not result
merely from the present study; it has slowly grown over
the last 10 years because of close cooperation.

The results of our study show that, in patients with a
clinically high probability of having acute appendicitis,
cross-sectional imaging can be useful if each member of
the diagnostic imaging staff is highly experienced in
imaging the appendix and the gastrointestinal tract and
is motivated and if there is continuous close cooperation
with the surgeons who incorporate the imaging results
into their decisions.

In summary, even in patients with a clinically high
probability of acute appendicitis, cross-sectional imaging
should be performed because it can accurately depict a
relatively high percentage of normal appendices and/or
differential diagnoses. If the appendix is detectable at
ultrasonography and its appearance is normal and/or if an
unequivocal differential diagnosis can be determined,

treatment should be in accordance with the ultrasono-
graphic diagnosis.
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