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Abstract t 

Objective.Objective. Our aim was to investigate the value of ultrasonography (US) and comple-

mentaryy computed tomography (CT) in patients with suspected appendicitis, and to 

detectt adverse outcomes of preoperative imaging. 

MaterialsMaterials and Methods. We retrospectively reviewed the data of 233 consecutive patients 

whoo underwent an appendectomy as an emergency procedure in our hospital, within a 

2-yearr period. Our hospital policy is to perform diagnostic imaging in all patients with 

clinicall  suspicion of appendicitis. US was performed in 227 patients, followed by addi-

tionall  unenhanced helical focused appendiceal CT in 30 patients with equivocal US 

results.. We evaluated the negative appendectomy rate, occurrence of perforation, and our 

in-hospitall  delay. 

Results.Results. Acute appendicitis was pathologically proven in 219 patients, corresponding to a 

negativee appendectomy rate of 6%. US with optional CT diagnosed appendicitis with a 

sensitivityy of 96.7%. Forty-eight appendices (21.9%) were perforated. The median over-

alll  in-hospital delay was 5 hours (range 0.5 - 123.5 hours). For the perforated appendices 

thiss was 4.5 hours (range 0,5 - 64.5 hours), for the non-perforated appendices 6.0 hours 

(rangee 0.5 -123.5 hours). 

Conclusion.Conclusion. In patients with suspected acute appendicitis, US examination with the 

optionn of additional CT significantly lowers the negative appendectomy rate as compared 

too the clinical acumen alone, without adverse effects on the perforation rate or the in-

hospitall  delay. 
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Introduction n 

Thee diagnosis or exclusion of appendicitis is a common clinical problem, The clinical 

diagnosiss of appendicitis is well known to be quite unreliable, with a classical presenta-

tionn occurring in only about 60% of patients [1]. Delay in the diagnosis of appendicitis 

iss associated with a more advanced stage of the disease with increased risk of appendiceal 

perforation,, which highly increases the risk of postoperative complications [2]. 

Thee goal of the surgeon is to operate at an early stage of the disease in order to reduce 

thee complication rate on the one hand, and to reduce the misdiagnosis rate in order to 

avoidd unnecessary surgery on the other hand Historically, surgeons have accepted that in 

aboutt 20% of the appendectomies the appendix will not be diseased (negative appen-

dectomyy rate) [3]- In women of the childbearing age, the added difficulties in differenti-

atingg appendicitis from acute gynecologic conditions lead to negative appendectomy 

ratess as high as 45% [ 1 ]. 

Bothh US and CT have been reported to be powerful tools that can substantially 

improvee the diagnostic accuracy in patients suspected Of having appendicitis [1,4,5]. 

However,, the impact of adjunctive imaging on the outcome of these patients remains 

subjectt of debate, some papers even denying any beneficial effects of imaging despite 

addingg cost and causing a delay in treatment with increased risk of appendiceal perfora-

tionn [6,7*8]. 

Ass a rule, in our hospital all patients with suspected appendicitis undergo US exami-

nationn and, in case of an equivocal US result, an additional focused noncontrast CT. The 

aimm of our study was to evaluate the impact of this policy on the negative appendectomy 

ratee and the perforation rate, and to detect a possible delay in surgery due to diagnostic 

imaging. . 

Methods s 

Wee performed a retrospective analysis of all patients who underwent appendectomy as 

ann emergency procedure in our 600-bed community hospital during a 2-year period 

(Decemberr 1999 and November 2001). There were 233 patients, 122 men (52.3%) and 

I'l ll  women (47.7%), with an age range of 5 - 86 years and a median age of 31 years. We 

reviewedd their medical records, radiology reports, surgery and pathology reports. 

Al ll  patients had a history and clinical findings considered suspect for acute appen-

dicitis,, with all different levels of clinical suspicion included. US was performed in 227 
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(97.4%)) patients, followed by additional CT in 30 (12.9%) cases. The remaining 6 

patientss (2.6%) were operated upon without a preoperative US or CT examination, sole-

lyy based on the typical clinical presentation. In all patients the final decision to perform 

appendectomyy was made by the surgeon. 

USS and CT examinations were performed and interpreted by a resident radiology or 

aa staff radiologist, offering a 24-hour service with a policy to postpone imaging studies 

orderedd between 11 pm and 8 am to the next morning, if the condition of the patient 

allowedd such operative delay. US (Elegra; Siemens, Erlangen, Germany) was performed 

usingg the graded-compression technique [4], with 3.5 and 5 MHz convex- and 7.5 MHz 

linear-arrayy transducers. At our institution, US is considered positive for acute appen-

dicitiss if a noncompressible appendix is visualized in the region of maximum tenderness 

withh an outer-to-outer diameter of more than 6 mm. Other criteria we apply include 

presencee of an appendicolith, hyperechoic periappendiceal fat, and increased blood flow 

off  the appendix at color Doppler (Fig. 1). US examination is regarded as negative for 

appendicitiss only if the normal appendix can be identified entirely If the appendix can 

nott be visualized, the result of the US is considered equivocal, and the sonographer may 

decidee to perform an additional abdominal CT scan. 

CTT (Somatom; Siemens, Forchheim, Germany) is performed on a helical scanner with 

5-mmm collimation at 7.5mm/s table speed (pitch 1.5), without oral, rectal or intravenous 

contrast.. We scan only the area of maximum tenderness, and the region of expected 

pathologyy based on the US findings. A CT scan is read as positive for acute appendicitis 

iff  a distended appendix with a diameter of more than 6 mm is visualized with periap-

pendiceall  inflammatory changes (Fig. 2). 

Thee time from entering the hospital until the time of appendectomy was assessed and 

definedd as in-hospital delay. The appendix was considered to be perforated in case of 

macroscopicc perforation or the obvious presence of pus in the abdomen during laparo-

tomy.. In all cases the final diagnosis of appendicitis was made pathologically. The crite-

rionn for inflammation was the presence of polymorphonuclear leucocytes throughout 

thee appendiceal wall including the muscularis propria. 

Results s 

Pathologicall  examination proved acute appendicitis in 219 of the 233 patients who 

underwentt appendectomy, yielding a negative appendectomy rate of 6.0%. Fourteen nor-

mall  appendices were removed: 7 cases were erroneously called positive on US (false pos-
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Fig.. I Ultrasonography examination in a 

patientt with appendicitis. The appendix is 

distended,, surrounded by hyperechoic 

inflamedd fat, and shows increased vascu-

larityy using power Doppler. 

Fig.. 2 Noncontrast CT in a patient with 

appendicitis,, after an equivocal US exami-

nation.. The appendix is dilated (arrows) 

containingg an obstructing appendicolith 

(arrowhead),, with only subtle periappen-

diceall  fat stranding. 

itive),, 3 cases were operated upon on clinical grounds after an equivocal US and CT, one 

casee was called negative on both US and CT (true negative) but during subsequent gyne-

cologicc laparoscopy the appendix seemed to be inflamed and was removed, in one patient 

thee appendix was markedly enlarged at US but histology showed endometriosis and no 

acutee inflammation, and finally, two normal appendices were removed in patients with a 

strongg clinical suspicion of appendicitis without a preoperative US or CT. 

InIn this serie of 227 patients who underwent preoperative diagnostic imaging (US in all 

patients,, and in 30 patients additional CT after an inconclusive US), the imaging diag-

nosiss of acute appendicitis was true positive in 208 patients, false positive in 8 patients 

(includingg the patient with endometriosis), false negative in 4 patients, true negative in 

onee patient, and in 6 patients the result of imaging was equivocal. Given the 215 patients 

inn the preoperative diagnostic imaging group with pathologically proven appendicitis, 

thee sensitivity of US with optional CT in diagnosing acute appendicitis was 96.7%. 
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Att surgery 44 appendices were perforated (20.1%) and another 4 appendices perfo-

ratedd during surgery (1.8%), amounting to a total perforation rate of 21.9%. 

Thee overall in-hospital delay ranged from 0.5 to 123.5 hours, with a median of 5.0 

hours.. For the perforated appendices, the in-hospital delay ranged from 0.5 to 64.5 hours 

withh a median of 4.5 hours. For non-perforated appendices the delay ranged from 0.5 to 

123.55 hours with a median of 6.0 hours. In 15 patients the in-hospital delay was more 

thann 24 hours, only one of these had a perforated appendix. 

Discussion n 

Appendectomyy is the most frequently performed emergency operation in the world [9]. 

Whilee appendicitis is a common diagnosis, it is by no means a simple one to establish. 

Clinically,, acute appendicitis may mimic various conditions leading to misdiagnosis, and 

conversely,, many diseases are initially incorrectly diagnosed as appendicitis. Missed 

appendicitiss results in delayed treatment which may lead to appendiceal perforation, 

substantiallyy increasing morbidity and mortality. An incorrect diagnosis of appendicitis 

inn patients with other causes of abdominal pain may result in the removal of a normal 

appendix,, which is not a benign intervention but rather has significant clinical and cost 

implicationss [9]. Surgical management of patients with suspected appendicitis focuses 

onn an acceptable trade-off between the negative appendectomy rate and the rate of per-

forationn 12]. 

Traditionallyy the radiologist has played a modest role in the work-up of appendicitis, 

butt this has changed with the introduction of abdominal US and CT. Direct imaging of 

thee appendix has become possible, enabling noninvasive confirmation or exclusion of 

inflammationn (Fig. 3). Furthermore, US and CT are useful in establishing the presence of 

complicationss such as appendiceal perforation or abscess formation. Finally, both modal-

itiess can detect alternative pathological conditions that may explain the patient's symp-

toms.. The influence of US and CT on the outcome of appendicitis, however, has been 

argued.. Using a tandem technique of US and if necessary CT, we have reached a negative 

appendectomyy rate of 6% in our hospital. If we would exclude the 6 patients from our 

studyy who underwent an appendectomy without preoperative imaging, the negative 

appendectomyy rate in our serie decreases to 5.3%. This should be compared to overall 

negativee appendectomy rates of 20%-30% reported in the surgical literature in patients 

whoo are diagnosed clinically, without preoperative imaging [3,8]. Moreover, this advance 

inn the diagnosis of appendicitis was achieved without an adverse effect on the perfora-
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Fig.. 3 Normal appendix, in two different patients A US shows compressibility of the appendix (arrow) 

betweenn abdominal wall and iliac vessels, and absence of inflamed fat or hyperaemia. B Noncontrast CT 

depictingg nondistended appendix (arrows) without fat stranding, excluding inflammation. 

tionn rate; the perforation rate in our serie was 21.9%, which is similar to rates reported 

inn surgical surveys (ranging from 16%-28% with a median of 20%-22%) [1,3,10,11]. 

Wee did not find a delay in the management of appendicitis caused by imaging. On the 

contrary,, our median in-hospital delay of 5 hours compares favorable to the 6.5-9 hours 

reportedd in surgical studies [11,12]. In our study, the in-hospital delay was shorter for 

perforatedd appendices than for non-perforated appendices, probably caused by the fact 

thatt patients with a perforated appendix have more distress, speeding up imaging and 

surgicall  procedures. This shorter in-hospital delay for perforated appendices may sup-

portt the theory that the pre-hospital delay is the main factor determining the rate of per-

foration,, assuming that the majority of perforated appendices has already perforated 

beforee reporting to the hospital [11,12]. 

Inn our hospital, US is the initial imaging study in patients clinically suspected of hav-

ingg appendicitis. US is non-invasive, inexpensive, and has an unsurpassed image resolu-

tionn in the near field [ 13]. It enables direct correlation of US findings with the region of 

maximumm tenderness, and allows direct communication: information provided by the 

patientt may trigger the search for a specific US feature, and conversely, certain US find-

ingss may bring out a specific question to the patient. US is strongly operator dependent, 

however,, requiring expertise and experience, and there may be difficulties in identifying 

appendicitiss when there is pain, obesity, overlying gas, or perforation. In case of a sub-

optimall  or nonconclusive US examination, we often perform a complementary appen-
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diceaii  CT scan. This limited CT is performed without administering contrast material 

andd is focused on the region of maximum tenderness, thereby minimizing the radiation 

exposuree for patients and eliminating delay and risk of adverse reactions to contrast 

agents. . 

Opinionn varies as to whether diagnostic imaging should be performed in all patients 

clinicallyy suspected of having appendicitis, as in our study, or if it should be reserved only 

forr a subgroup of patients with atypical symptoms. Children, geriatric patients and 

womenn of childbearing age probably derive the most benefit from imaging, because the 

clinicall  diagnosis of appendicitis is well known to be difficult in these patients [1]. 

However,, because appendiceal imaging can be performed without risking adverse effects 

onn the stage of the disease, as our study indicates, it may be concluded that other groups 

off  patients with probable appendicitis can also benefit from diagnostic imaging, includ-

ingg those with a highly suggestive clinical presentation [14]. 

Whilee we could not evaluate the specificity of US and optional CT in the diagnosis of 

appendicitis,, because only patients who underwent appendectomy were included, our 

sensitivityy was excellent (96.7%). Our appendiceal imaging protocol produced a better 

outcomee than studies using US only (reporting sensitivities of 86%-92% and negative 

appendectomyy rates of 9%-U.6%) [15,16], while our results are comparable to those 

fromm studies performing CT (with sensitivities of 96%-98% and negative appendectomy 

ratess of 4%-8%) [5,16,17]. We did have some false-negative imaging results, emphasiz-

ingg that the final decision whether to operate or not should remain the responsibility of 

thee surgeon; if the patient's symptoms do not subside or progress, clinicians must ques-

tionn negative imaging findings and consider repeat examination, laparoscopy or laparo-

tomy.. False-positive imaging results did also occur, but this appears much less relevant in 

aa disease in which a high rate of unnecessary appendectomies was traditionally consid-

eredd unavoidable. 

Thiss study has limitations inherent to every retrospective study, however, its results 

mayy be a more accurate reflection of day to day routine than a dedicated prospective 

studyy would yield. We did not evaluate the aspect of costs. Previous studies have shown 

thatt the use of imaging in patients suspected of having appendicitis may significantly 

lowerr the use of hospital resources and decrease the costs of care [5]. 

InIn conclusion, the routine use of US and the selected complementary use of CT in 

patientss with possible acute appendicitis improves the outcome by substantially decreas-

ingg the negative appendectomy rate. This can be achieved without an increase in the per-

forationn rate or delay in patient care. 
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