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ABSTRACT 

 

Objective: To assess the accuracy of 64-row computed tomography (CT) in the differential 

diagnosis of acute abdomen in the emergency department.  

Materials and Methods: Prospective analysis of 181 patients with surgically treated acute abdomen.  

Results: In 158/181 cases, CT was totally concordant with surgical repertoire. Partial concordance 

was found in 15 cases. Overall sensitivity was 87.3% when only cases of complete concordance 

were considered, 95.6% if also partial concordance cases were included.  

Conclusion: CT showed high reliability in the differential diagnosis of acute abdomen surgically 

treated, although associated conditions can sometimes be missed.



INTRODUCTION 

Acute abdomen is a clinical condition of acute-onset abdominal pain associated with abdominal 

tenderness and rigidity, frequently encountered in the Emergency Department (ED) [1]. Abdominal 

conditions that occur with acute abdomen may be numerous. Diagnostic procedure performed in the 

ED is crucial to address proper treatment, which is extremely variable ranging from observation and 

symptomatic therapy in benign self-limiting diseases to urgent surgery in life threatening conditions 

[1-5]. Early diagnosis is also an important prerequisite, especially in unstable patients [3]. Physical 

examination has limited accuracy, because different diseases often share the same signs [1-3]. For 

these reasons, almost all patients presenting with suspected acute abdomen are submitted to 

radiologic diagnostic procedures, mainly abdominal plain film radiography, sonography and 

computerized tomography [1, 2, 6]. Developments in technology have allowed in recent years the 

emergence and widespread of multi-detector computerized tomography (MDCT) [1]. The potential 

of MDCT in the diagnostic process of acute abdomen in the ED has yet never fully evaluated. 

Aim of this study is to evaluate the accuracy of a modern 64-MDCT in the differential diagnosis 

of non-traumatic surgical acute abdomen in the ED. Moreover, we want to assess the potential of 

MDCT in detecting not only the main cause of acute abdomen, but also all the associated findings 

that will emerge during surgery or autopsy. Final aim of the study is to show if there are significant 

differences in the diagnostic performance of MDCT in various groups of abdominal diseases. 

 

MATERIAL AND METHODS 

Study Design 

Our study used prospective, consecutive, sample cohort enrollment and data collection. The 

diagnostic radiologic performance of 64-MDCT was compared with surgical or autopsy findings 

and analysis of histological examinations. 

Setting 

The study was conducted at San Luigi Gonzaga University Hospital, North West of Torino, 



Northern Italy. The ED serves a primarily adult population with a volume of approximately 50,000 

visits per year. 

Selection of Participants 

Between March 2007 and October 2008 we prospectively studied 181 consecutive outpatients, 

108 males and 73 women, aged 17 to 88 years (mean age 58.7 ± 12.0 years). Only patients 

presenting to the ED with a clinical picture suggestive of non-traumatic acute abdomen, who were 

submitted to MDCT and subsequent mandatory surgery within 48 hours time, were enrolled in the 

study. 

Diagnostic proceedings 

After primary evaluation and blood tests, the attending emergency physician independently 

ordered the imaging procedure. In 97 patients plain film radiography of the abdomen and in 61 

patients abdominal sonography were the diagnostic techniques that preceded the implementation of 

MDCT. In 49 cases the only imaging procedure was MDCT. MDCT examination (64-row MDCT, 

Philips Brilliance, MX80001DT, Philips Medical Systems, Eindhoven, The Nederland) was 

performed by basal and venous scans, after administration of a bolus of iodine contrast media 

(volume 100-150 ml or 2 ml/kg, rate 2-5 ml/sec, concentration 350 mg I/ml), with extension from 

diaphragm to symphysis pubis (kVp 120, modulation with range 100-450 mAs, collimation 0.6 mm 

x 64, thickness and reconstruction interval 1-3 mm). In a minority of cases (19/181), the venous 

scan was avoided because of contraindication to iodine contrast media administration (allergy or 

severe renal failure, 7/19) or because the final diagnosis was already obtained by the basal scans 

(12/19). The venous scan was mostly performed in the portal phase, at about 70-90 sec from 

contrast media injection, while the arterial phase, at about 20-40 sec, was scanned in case of high 

suspicion of ischemic bowel or aortic diseases. Oral or rectal administration of contrast media was 

never used. MDCT examinations were evaluated on a dedicated workstation allowing adequate 

abdominal windows (width 400-500 HU, level 20-50 HU), using axial images and multi-planar 

reconstruction in the sagittal, coronal and oblique planes. In cases where intestinal perforation was 



suspected, evaluation was extended to the lung windows (width 1500 HU, level -500 HU) to look 

for signs of air collection. 

Data Collection and Processing 

Two experienced radiologists, with more than five years experience on abdominal CT readings 

and emergency diagnostic radiology, evaluated MDCT images independently. Consensus was 

reached by conference, and disagreements were adjudicated by a third more experienced radiologist 

(more than ten years experience on CT abdominal imaging in emergency radiology). Radiologic 

readings were compared with surgical findings, inclusive of histology data, or autopsy. Conditions 

of "complete concordance" or "incorrect diagnosis" were considered. Moreover, we considered the 

intermediate condition of "partial concordance" when MDCT correctly identified the main 

condition at the origin of the clinical picture, but missed some significant associated surgical 

findings. Cases were divided into four groups according to the condition that caused acute 

abdomen: bowel obstruction, inflammatory diseases, perforation, various causes (vascular, 

gynecologic and others), and complete and partial concordance were analyzed by means of 2x2 

tables. Confidence intervals were computed following the Wilson score procedure [7] to point out 

statistically significant differences between complete and partial concordance proportions for all the 

cases considered and then limited to each of the first three groups of diseases (bowel obstruction, 

inflammatory diseases and perforation). To assess whether significant differences could be found in 

the complete concordance or in the partial concordance proportions among the first three groups of 

diseases, a log-likelihood ratio test with Williams q correction [8] was performed due to the limited 

size of some samples. A significance level of 5% was always considered. Statistical analysis was 

performed by a commercial software (Statistica 6.1 for Windows, Statsoft Inc., Tulsa, OK, USA). 

 

RESULTS 

Among 181 cases enrolled, 175 patients were submitted to surgery and 6 patients died before 

surgery (hypovolemic shock and following cardiac arrest in aortic aneurysm rupture). One elderly 



patient with intestinal occlusion due to bowel cancer, died immediately after surgery complicated 

by a severe septic shock. In all cases (n = 181) it was possible to obtain a final diagnosis related to 

surgical outcome or autopsy (Table 1). During the period of the study, patients with clinical picture 

of acute abdomen then submitted to surgery never showed negative MDCT examination. MDCT 

allowed a correct diagnosis with detection of all the associated findings in 158/181 cases. In 15/181 

patients (8.3%) we found a partial concordance between MDCT readings and surgical findings. In 

these cases, MDCT correctly detected the main cause of acute abdomen, but missed some 

associated conditions. In only 8 cases out of 181 (4.4%) the MDCT reading was considered 

incorrect diagnosis after comparison with the surgery findings. The overall sensitivity in the 

detection of the main condition and the associated findings was 87.3%. When we consider the 

potential of MDCT in the identification of the major disease in acute abdomen, without considering 

its ability in the detection of associated conditions thus merging the categories “complete 

concordance” and “partial concordance”, the overall sensitivity rises to 95.6%. The Wilson score 

intervals computed at a 95% level significance for the proportions of complete concordance and of 

partial concordance for all the cases considered did not overlap ([0.8165-0.9138] for complete 

concordance and [0.9152-0.9774] for partial concordance). This hints to a better performance of 

MDCT in the detection of the main cause of acute abdomen with respect to the detection of all the 

associated conditions. The same analysis was performed for each of the three main groups of 

diagnosis separately (bowel obstruction, inflammatory diseases and perforation). The Wilson score 

intervals for the proportions of complete concordance and of partial concordance overlapped in all 

the three groups, more evidently for the occlusion and perforation groups. The log-likelihood ratio 

test with Williams q correction performed on the complete concordance data for the first three 

groups of diseases did not reveal at a 5% level a significant difference between the proportions in 

each group. An analogous result was found for the partial concordance proportions for the same 

groups, though the value of the statistics in this case was near to the critical one. The possibility to 



consider a larger number of cases for all the diseases could allow establishing a possible better 

distinction between the performances of MDCT in the different situations. 

In the group with bowel obstruction MDCT identified the condition in 96% of cases (73/77). In 

all these patients, MDCT documented the transition zone between the stretched and regular bowel 

loops (Fig. 1). In most cases (44/77), obstruction was due to cancer (Fig. 2) followed by adhesions 

(18/77), complicated incisional or internal/external hernia (8/77), intussusception of large and small 

bowel (5/77), volvulus (2/77). In 3 cases of occlusion, the MDCT diagnostic hypothesis explaining 

obstruction was wrong. The first two cases were hypothesized adhesions, while the final diagnoses 

were cancer in one and volvulus in the other; the third case was a hypothesized intussusception due 

to polyp, while the final diagnosis was intussusception due to adhesion. In the same group, we had 

also 3 cases of partial concordance between MDCT and surgery. They were: two cases of right 

colon cancer, correctly detected by MDCT, which failed in the diagnoses of the associated gastric 

and parietal fistulas; one case of complicated abdominal wall hernia, where MDCT did not diagnose 

trans-mural necrosis. 

In the 62 patients with abdominal inflammatory diseases, the most frequent intra-operative 

diagnosis was acute diverticulitis (25/62) (Fig. 3), followed by acute appendicitis (16/62), and 

cholecystitis (15/62) (Fig. 4). The MDCT allowed correct diagnosis of either the origin of 

inflammation, its extension and complications in 54/62 cases. We had only one misdiagnosis, when 

radiologist hypothesized acute diverticulitis and associated colonic wall thickening highly 

suspicious for cancer. In this case, the surgical finding confirmed the diagnosis of acute 

diverticulitis, but the following histology excluded cancer. In this group there have been also seven 

cases of partial concordance: in two cases of acute appendicitis MDCT was not able to detect 

abscess in one and fistula in the other; in three cases of acute diverticulitis MDCT did not detect 

covered perforation in two and abscess in the third; in two cases of acute cholecystitis gallstones 

were not visualized.  



In the perforation group (n = 19), the most frequent condition was gastro-duodenal ulcer (9/19), 

followed by colon cancer (6/19), Crohn’s disease (2/19), iatrogenic causes (2/19). MDCT detected 

only the free intra-peritoneal air without visualizing perforation in one case of gastric ulcer of the 

anterior wall and two cases of duodenal ulcer. Moreover, we had two cases of partial concordance: 

in one case of covered perforation of the posterior duodenal wall due to peptic ulcer, MDCT did not 

visualize the inflammation of the hepatic-duodenal ligament; in a second case, MDCT detected a 

gastric covered perforation but missed the main lesion due to cancer. 

Minor causes of acute abdomen resulted vascular and gynecological conditions, and they were 

grouped in the “various causes” for statistical reason. Vascular diseases were mainly aortic rupture 

(12/15) (Fig. 5) and 3 ischemic. In this latter group (n = 15), MDCT showed two partial 

concordance cases, due to its inability to locate the rupture despite hematoma was correctly 

detected. In the subgroup of gynecological conditions (n = 5), MDCT reading gave incorrect 

diagnosis in one case of ovarian torsion and was partially concordant in one case of rupture of an 

ovarian cyst with associated tube-ovarian abscess. 

 

DISCUSSION 

Acute abdomen is quite common in the ED. An incidence of about 4-5% was described in a 

previous study [1]. The most frequent causes are intestinal diseases, both inflammatory and 

obstructive [1-3]. Very often history, physical examination and laboratory tests do not allow a 

proper and safe diagnostic conclusion, while imaging plays a crucial role in the ED especially in 

life-threatening situations [1-3, 6]. Conventional radiology is of limited usefulness because it has 

low sensitivity in the diagnosis of acute abdomen, particularly when compared to other imaging 

modalities [9, 10]. The plain film study is useful only to confirm occlusion and perforation, even if 

sonography and CT are still almost always required [1, 6]. In recent years the progression of 

technology has brought to the development of more sophisticated computerized tomography 

devices, with the implementation of multi-detector modality. This progress has led to the increasing 



use of computerized tomography, and MDCT is increasingly replacing conventional radiology as 

first line diagnostic modality [11, 12]. Multi-detector devices allow for fast examinations and broad 

view with more defined images [13]. Moreover, radiation exposure could be reduced by using a 

focused technique that limits the examination to the region of interest, as in case of examination of 

the right iliac fossa when appendicitis is suspected [14, 15]. Modern software also enables multi-

planar reconstruction (MPR), which enhances the quality and definition of axial images. For 

example, MPR allows better analyses of distended loops in case of intestinal obstruction, improving 

the ability of the reader to detect the exact point of transition and the cause of obstruction [1, 16]. 

Our study is a further demonstration of the high diagnostic efficacy of MDCT in acute abdomen 

in the ED. In the group of patients with bowel obstruction MDCT showed very high sensitivity, and 

the wide use of MPR technology allowed accurate localization of the transition zone in most cases. 

Bowel obstruction is a frequent cause of acute abdomen. Conditions causing obstruction may 

involve the small bowel, mostly post-surgical adhesions, and the large bowel, mostly colon cancer 

(Fig. 2). CT showed high diagnostic accuracy with values of sensitivity and specificity above 90% 

in some previous studies, being particularly useful not only in detecting the site and the cause of 

obstruction, but also in the evaluation of the severity of obstruction and its complications, which is 

essential to decide surgical or conservative treatment [17, 18]. In the study of Megibow et al. the 

condition causing bowel obstruction was correctly identified in 85% of cases and CT studies were 

considered decisive in changing the orientation from conservative to surgical treatment in 23% of 

cases [17]. The use of MDCT in our study gave better results in terms of correct diagnosis of the 

condition in the bowel obstruction group (96%), but even more so when we consider that the use of 

MPR allowed correct identification of the transition zone (Fig. 1) in all patients of this latter group. 

However, literature shows that sensitivity of MDCT drops when partial obstruction of the small 

intestine due to adherences is the main cause of acute abdomen, This is due to the low specificity of 

some radiologic signs, such as extra-luminal compression and kinking on the intestinal wall [19]. 



These conditions are better investigated with CT enteroclysis, which however may not be 

applied to severely ill patients in the emergency setting [20]. 

Inflammatory conditions were the other most frequent causes of acute abdomen in the ED, 

particularly appendicitis, diverticulitis and cholecystitis  [1]. This trend was confirmed in our 

study. In some previous studies, MDCT showed high diagnostic accuracy in acute appendicitis, 

with a reported sensitivity value ranging from 90% to 100% owing to a considerable 

reduction of unnecessary surgery [21, 22]. MDCT is also useful in the identification of any 

complications, but generally fails in the visualization of fissuring of the appendix, while other 

associated conditions, like periappendiceal gas or abscess are highly specific even if scarcely 

sensitive [23]. In our study, in 1 among 3 cases appendiceal perforation was not visualized by 

MDCT. Moreover, in females MDCT has some limitations because radiologic and clinical signs 

are not easily differentiated from pelvic gynecological diseases [2, 3, 6]. For these reasons, 

young females with suspected appendicitis are better analyzed by sonography as first level 

imaging, followed by MDCT only when diagnosis is still in doubt. Literature reports very high 

level of sensitivity of MDCT in the diagnosis of acute diverticulitis and its complications (97-

98%) [24]. Highly specific radiologic signs are considered parietal thickening and adipose 

stranding [24]. MDCT is less accurate only in the early stages of acute diverticulitis and 

generally fails to predict the exact extension of the parietal involvement. Another limitation 

can be the differential diagnosis with colorectal cancer, particularly when the parietal 

thickening is not circumferential [1, 6]. In acute cholecystitis the most appropriate imaging 

method is sonography. MDCT shows similar level of accuracy in the diagnosis of the disease, 

but limitations in the visualization of gallstones [25]. 

In a recent study, MDCT showed its usefulness in selected cases of intestinal perforation 

[6]. Limitations of this technique in the exact localization of the perforation site are well 

known, and this was confirmed by our data [26]. Especially perforation of the first duodenal 



segment and anterior gastric wall are not very well detected by MDCT, although it is generally 

possible to predict the perforation site by looking at the disposition of intra-peritoneal air 

[27]. Detection of the perforation site by MDCT is generally possible in 80-85% of cases when 

MPR is applied to improve the image definition, but diagnosis relies on indirect radiologic 

signs rather than direct visualization of the intestinal wall break [27, 28]. These signs are 

regional parietal thickening with some contiguous fluid collection and air bubbles in the peri-

visceral adipose tissue [1]. 

Vascular anomalies causing acute abdomen are quite rare, having an incidence of about 1-

2% of all the patients presenting in the ED with acute abdominal pain [29]. The recent 

evolution of MDCT technology, based on the ability to obtain multiphase studies of rapid 

implementation, finer collimation and vascular MIP reconstructions in different planes of 

space, greatly improved its diagnostic ability in many vascular diseases. Particularly, 

diagnostic sensitivity of MDCT in the ischemic bowel disease rapidly improved in recent years 

from 65% to 95-100% [30]. Diagnostic accuracy of MDCT in the visualization of 

tromboembolic vascular occlusion is nowadays similar to angiography, even in the earliest 

stages of occlusion when parietal damage is not yet visible [6, 30]. MDCT is also crucial in the 

diagnosis of acute disease of the abdominal aorta. Diagnostic accuracy of MDCT in the 

detection of aortic rupture is close to 100%, due to its ability in the visualization of 

retroperitoneal ematoma, small discontinuities of the aortic calcifications and some radiologic 

signs like the high attenuating peripheral crescent sign, the indistinct aortic wall and the frank 

contrast medium extravasation [29, 31]. 

Finally, our study showed that MDCT is highly accurate in the detection of the main 

condition that causes acute abdomen. However, MDCT sometimes fails in detecting all 

associated conditions that arise after surgery. It is therefore justified the distinction of the two 

categories of partial and complete concordance that we used in our analysis. Even if the 



partial concordance of MDCT find with surgery is high, emergency physicians and surgeons 

should consider the possibility of misdiagnosed associated conditions. This study showed that 

these features of the diagnostic effectiveness of MDCT do not statistically change in the 

different groups of diseases analyzed in our series. 

 

LIMITATIONS 

The main limitation of our study is the moderate number of patients with vascular and 

gynecological diseases. For this reason our series cannot be considered highly representative 

of all the conditions that can be encountered in acute abdomen. Moreover, this limitation 

makes comparison of diagnostic efficacy of MDCT in different groups of diseases less 

significant. This limitation is due to the fact that our Institution is not the regional referral 

hospital for vascular and gynecological diseases. Nevertheless, this is the first substantial 

series that has allowed a statistical analysis of the effectiveness of a modern 64-row MDCT in 

the diagnosis of acute abdomen in the ED. 

 

CONCLUSION 

Modern MDCT is effective and highly sensitive in the differential diagnosis of non-

traumatic acute abdomen in the ED. This method demonstrates its full potential in identifying 

bowel obstruction, perforation, inflammatory and vascular diseases as the main causes of 

acute abdomen, but has some limitation in detecting all the associated conditions that arise 

after surgery and histological examination. 
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FIGURE LEGENDS 

Figure 1: MDCT showing transition zones (arrows) between intestinal loops in cases of 
complete obstruction due to (A) volvulus of the distal ileum; (B) intussusception of the ileum; 
(C) colon cancer; and (D) laparocele. Images c and d are sagittal MPR. Asterisks indicate the 

main condition causing obstruction. 

Figure 2: Enhanced MDCT study showing intestinal obstruction due to right colon cancer 
(asterisk) involving liver and gallbladder (thick arrow). The radiologic study reveals 
also the associate condition of fistula between colon and duodenum (thin arrow). 

Figure 3: Enhanced MDCT showing a case of acute diverticulitis with severe concentric 
thickening of the intestinal wall (asterisk). The study reveals also some pericolonic 
fluids and inhomogeneity of the pericolonic fat (thin arrows). The associated condition 
of an anterior abscess collection touching the muscular layers is also detected (thick 
asterisk). 

Figure 4: (A) Enhanced MDCT study in a case of acute abdomen due to emphysematous 
cholecystitis. The gallbladder shows thickened walls (thin arrow) and is filled by air 
bubbles mixed with some hypodense fluid content (thick arrow). The associated 
condition of a contiguous abscess collection due to parietal rupture of the organ is also 
detected (asterisk). (B) and (C) surgery confirmed the radiologic diagnoses. 

Figure 5: A case of spontaneous rupture of abdominal aorta. Enhanced MDCT emergency 
study shows aortic fissuring indicated by interruption of parietal calcifications (thick 
arrow), extravasation of contrast medium (thin arrow), and retroperitoneal hematoma 
(asterisk). 



Table 1: Concordance between MDCT findings and final diagnosis after surgery 
or autopsy in 181 cases of non-traumatic acute abdomen in the ED 

Final diagnosis 
Patients 
(n=181) 

Complete 
concordance 

Partial 
concordance 

Incorrect 
diagnosis 

Bowel obstruction 
Cancer 
Adhesions 
Hernia 
Intussusception 
Volvulus 

77 (42.5) 
44 
18 
8 
5 
2 

71 (92.2) 
41 
17 
7 
5 
1 

3 (3.9) 
2 
0 
1 
0 
0 

3 (3.9) 
1 
1 
0 
0 
1 

Inflammatory diseases 
Diverticulitis 
Appendicitis 
Cholecystitis 
Meckel’s diverticulum 
Crohn disease 
Inflammatory pseudotumor 

62 (34.3) 
25 
16 
15 
3 
2 
1 

54 (87.1) 
21 
14 
13 
3 
2 
1 

7 (11.3) 
3 
2 
2 
0 
0 
0 

1 (1.6) 
1 
0 
0 
0 
0 
0 

Intestinal perforation 
Gastric ulcer 
Duodenal ulcer 
Iatrogenic 
Cancer 
Crohn disease 

19 (10.5) 
3 
6 
2 
6 
2 

14 (73.7) 
2 
3 
2 
5 
2 

2 (10.5) 
0 
1 
0 
1 
0 

3 (15.8) 
1 
2 
0 
0 
0 

Vascular diseases 
Intestinal infarction 
Aortic rupture 
Aortic dissection 
Aortic thrombosis 

15 (8.3) 
3 
10 
1 
1 

13 (86.7) 
3 
8 
1 
1 

2 (13.3) 
0 
2 
0 
0 

0 (0.0) 
0 
0 
0 
0 

Gynecological diseases 
Ectopic pregnancy 
Uterus torsion 
Ovarian torsion 
Ovarian cyst rupture 
Mucinous cystoaden. rupture 

5 (2.8) 
1 
1 
1 
1 
1 

3 (60.0) 
1 
1 
0 
1 
0 

1 (20.0) 
0 
0 
0 
0 
1 

1 (20.0) 
0 
0 
1 
0 
0 

Surgical foreign body 
Gastric cancer 
Colon cancer 

1 
1 
1 

1 
1 
1 

0 
0 
0 

0 
0 
0 

 
Numbers in brackets represent the percentages of the total cases (second 
column) and the percentages for each group of diagnosis (third, fourth and fifth 
column) 
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