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Abstract

Objective. To study the sensitivity and the specificity for ultrasonography and computed tomography in patients with
suspected appendicitis, and their value to the clinician.

Design. Retrospective study.

Setting. Teaching hospital, Sweden.

Main outcome measures. The negative appendectomy rate and the sensitivity and the specificity for ultrasonography and
computed tomography in patients with suspected appendicitis.

Result. The diagnostic accuracy was 88% (men 95%, women 80%). Two hundred and thirty-nine patients were examined
by ultrasonography preoperatively. The sensitivity for ultrasonography was 0.82 and the specificity was 0.97. Forty-nine
patients were examined by computed tomography preoperatively. The sensitivity for computer tomography was 0.88 and
the specificity was 0.95.

Conclusions. We conclude that ultrasound and computed tomography investigations on patients with suspected appendicitis
are of great value. Computed tomography seems to have a higher sensitivity than ultrasound and a high specificity. In fertile
women, where unnecessary surgery is best avoided, we believe that computed tomography investigation or ultrasound
examination are better alternatives to surgical intervention.
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The diagnosis of acute appendicitis in many patients can be preparation but demands some experience and expertise [1,
6]. It can also be used in early appendicitis with the supplementdifficult to establish. A negative laparotomy rate of about

25% is common in many reports [1]. Some of these operations of Doppler technique [7] or to evaluate the appendix in
patients treated conservatively with antibiotics [8]. At Dan-on a healthy appendix are related to a higher morbidity and

even mortality [2]. Several methods have been used to improve deryd hospital patients with suspected acute appendicitis are
sent for ultrasound examination on a 24 hour basis as partthe diagnostic accuracy such as total leucocyte count, CRP,

scoring system, computer-aided diagnosis and plain radio- of our treatment strategy. We have found this investigation
of great value to the clinician [1]. All US examinations aregraphy [1,3]. In 1986, Puylaert reported on 60 consecutive

patients with suspected appendicitis where in 25 of the performed by radiologists and not by the surgeons. During
recent years several new radiological examinations have been28 patients with acute appendicitis, the appendix could be

visualized using graded ultrasonography (US) compression established, such as computed tomography (CT) scan. The
method has been used for several years in suspected left-technique with a high resolution transducer [4]. US has a

short learning curve where a high accuracy can be reached sided diverticulitis with high diagnostic sensitivity and as a
way of predicting complications [9]. CT examination hasafter only 20 patients [5]; it is inexpensive, has no ionizing

radiation and can be performed with little or no patient recently shown a high sensitivity in suspected appendicitis
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[10–14] and has the advantage of diagnosing or excluding conventional CT (GE PACE) was performed, using con-
other conditions simulating acute appendicitis [15]. A normal secutive 5 mm slices. Appendicitis was noted if a thickened
appendix can be visualized by CT scan but not by US. During appendix or pericecal fatty infiltration was seen [17]. Figure
recent years there has been a trend to examine patients 2 shows a patient with infiltration.
laparoscopically – carrying out laparoscopic appendicectomy Thirty-seven patients were investigated using both US and
without prior investigation. Earlier small studies showed CT. The main reason for this was that US showed inconclusive
some advantages with laparoscopic appendicectomy but later findings and a CT was needed to provide additional in-
randomized studies have failed to do so [16]. The aim of formation.
this retrospective study was to evaluate the sensitivity and Sensitivity was calculated as the true positive/(true
specificity in patients investigated by US examination and/ positive+false negative). Specificity was calculated as the
or CT during 1996 and also the diagnostic accuracy in true negative/(true negative+false negative).
appendicectomized patients.

Results
Materials and methods

During 1996 610 patients were investigated by US and 114
All patients investigated during 1996 by US and/or CT patients by CT for suspected acute appendicitis. The negative
were studied. The patients were admitted to the emergency appendicectomy rate was 12% (men 5%, women 20%) for
department where history and physical examination were the 278 who were operated when analyzed according to
carried out. In the majority of patients the surgeon on duty the histopathological examination. At our department the
wanted US or CT to be carried out as appendicitis could negative appendicectomy rate before the use of US was 18%
not be excluded completely. The decision to make further in 1992 [18]. Thirty-nine patients or 18% (39/222) of the
investigation with US or CT was usually made by a specialist operated patients had perforated appendicitis.
or a resident surgeon and in a few patients also by an internist. Two hundred and thirty-nine of 278 patients (86%) were
In some patients the radiologist changed and performed CT examined by US preoperatively without delaying surgery or
instead of US, mainly due to obesity. In some patients the the decision for further investigations. An additional 12
diagnosis of acute appendicitis was obvious and no further patients were examined by only CT preoperatively. Twenty-
investigations were performed prior to surgery as was the case seven patients were operated without US or CT and 26 of
in suspected perforation. Danderyd hospital has a catchment these had appendicitis and one without any findings. Thus a
population of approximately 330 000; but patients less than total of 251 patients were investigated using US or CT
15 years of age are not admitted for surgery at our hospital. preoperatively. US examination shows a sensitivity of 0.82,
During 1996, 278 patients underwent surgery for suspected and has a specificity of 0.97 (Table 1). CT examination has
acute appendicitis, 146 men (mean age 33.8 years ) and 132 a sensitivity of 0.88 and a specificity of 0.95 (Table 2).
women (mean age 33.0 years). A further nine men were
treated with antibiotics only as part of a multicentre study
and were not included in this study [8]. All resected appendices

Discussionwere sent for histopathological examination. US was per-
formed by 16 different radiologists (eight experienced and

US examination is a rapid and easy way of investigatingeight less experienced ). The examination was performed
patients with suspected appendicitis. Non-visualization of theusing an Acuson 128 or GE Logic 700 and high resolution
appendix does not completely exclude appendicitis (especially(5 or 7.5 MHz) linear array transducers were used. The
in the obese), increased intestinal gas or severe abdominalmethod for US examination (Figure 1) was based on the
pain [19] and in patients with a retroceacal appendicitis. Atgraded compression technique described by Puylaert [4,5].
our hospital almost every patient with this condition isThe positive criterion for appendicitis was a non-compressible
investigated by US – 610 patients during 1996. Becauseappendix with an outer diameter >6 mm. Appendicolithiasis
appendicectomy is always related to some morbidity andwas considered as a positive finding. If the examiner was
mortality, especially in cases of perforated appendicitis, anunable to find the appendix the examination was considered
extended investigation should be performed to prevent un-to be negative.
necessary surgery [2]; the risk is small but cannot be neglected.One hundred and fourteen patients (67 women and 47
It is therefore important to investigate the patient beforemen) were examined by CT. No preparation with peroral or
making a decision for surgery [1,18]. It is more than 10 yearsintravenous contrast material was used. Until September 1996
since Puylaert showed that US examination was a usefulthe examination was conducted using a conventional CT and
diagnostic tool in investigating patients with suspected ap-after September 1996 a spiral CT was also available. The CT
pendicitis. The development of new techniques for non-examination was performed with spiral technique (GE, CTi),
invasive examination has continued during this period [7].using a collimation of 5 mm, pitch 1.0 and an image interval

We conclude that US and CT investigations in patientsof 5 mm. The patient was scanned from the second lumbar
with suspected appendicitis are of great value to the clinicianvertebra to the symphysis pubis with no administration of

oral or intravenous contrast. In a small number of patients in his decision making. CT investigation seems to have a
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Figure 1 (a) Ultrasound examination. Sagittal section of the appendix. (b) Ultrasound examination in the same patient:
longitudinal section of the appendix.

Table 2 Results from CT examinations: sensitivity, specificity
and number of examinations (n). The number is given to
calculate the sensitivity and specificity

Sensitivity Specificity (n)............................................................................................................
Men 0.92 (25/27) 1.0 (20/20) 47
Women 0.83 (19/23) 0.93 (41/44) 67
Total 0.88 (44/50) 0.95 (61/64) 114

For the time being no other method is available for the
investigation of patients with suspected appendicitis. All
hospitals should keep a record of their negative ap-
pendicectomy frequency with routine histopathological ex-
aminations as this is a good measurement of quality assurance
and could be recorded easily. In order to maintain good
quality in the care of suspected acute appendicitis there are
advantages with the use of CT scan and US which we have
outlined here. However, with a negative appendicectomy rate

Figure 2 CT examination of appendicitis. in the mid-1980s of 30% [18] to 12% in 1996, this gain in
quality of care has spared many patients from unnecessary
surgery. The introduction of this quality management of theseTable 1 Results from US examinations: sensitivity, specificity
patients has gradually been introduced and has improved theand number of examinations (n). The number is given to
system.calculate the sensitivity and specificity

Sensitivity Specificity (n)............................................................................................................ References
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