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Abstract
Background: Acute appendicitis is the common emergency conditions in patients admitted to surgical departments. In most cases the diagnosis is diagnosed easily 
based on patient history, clinical findings and various laboratory tests. However, in 10-20% of all operations for appendicitis a normal appendix is found. The aim of 
this prospective, double-blinded study was to evaluate the validity of rectal contrast-enhanced CT-scan in the diagnosis of acute appendicitis.

Methods: 102 patients with clinically acute appendicitis were CT-scanned prior to the laparoscopic operation. The result of the scan was blinded to the surgeon as 
well as the operative findings were unknown to the radiologist who evaluated the scans. After the inclusion period, all scans were re-evaluated by an independent, 
experienced radiologist.

Results: 18 patients had a normal appendix at laparoscopy, 46 patients a mild inflamed appendix and 38 patients a gangrenous or perforated appendix at the time of 
surgery. The sensitivity was 0.83 and the specificity was 0.94 for the radiologists on call. The expert review of the CT scans had a sensitivity of 0.86 and a specificity 
of 100. Approximately 85% of the patients experienced some degree of discomfort and 67% of the patients had pain during the scan or the related infusion of rectal 
administered contrast enema.

Conclusion: CT-scans using rectal contrast enema can reduce the number of negative appendectomies with high sensitivity and specificity rates. However, the 
widespread use of laparoscopic surgery also in the acute settings in combination with the CT scans needs further evaluation.

Background
Acute appendicitis is one of the most common emergency 

conditions in patients admitted to surgical departments. In many 
cases the diagnosis is straight forward based on patient history, clinical 
findings and various laboratory test [1]. However, in some cases the 
diagnosis is not obvious and it is generally accepted that 10 to 20 % of 
patients undergoing surgery for appendicitis have a normal appendix. 
On the other hand, having an expecting attitude before deciding to 
operate patients suspected for appendicitis will lead to an increased 
proportion of patients with perforated or gangrenous appendices. 
Of these some will develop postoperative complications like wound 
infection or intraabdominal infections of varying severity [2]. 

Different studies have aimed at developing algorithms to improve 
diagnostic accuracy in patients suspected for acute appendicitis. Even 
though based on large materials, these scoring systems have so far 
all been without sufficiently predictive accuracy to determine which 
patients should be operated and which patients should not. During 
the last 10 to 15 years several studies have been performed comparing 
imaging modalities like ultrasonography, scintiography and different 
kinds of CT-scans and particularly contrast-enhanced CT-scans have 
been promising [3-6].

In a prospective, randomized controlled study, patients were 
randomised to either 1) CT-scan without contrast or 2) enhanced 
CT-scan using oral and intravenous contrast or 3) rectal administered 
contrast. In the latter, appendicitis could be predicted with a high 
accuracy without having the potential allergic side effects of intravenous 

administered contrast. Some studies have found that CT-scans delay 
an operation for appendicitis unnecessarily. These studies recommend 
that CT-scannings should not be used routinely, but only in selected 
cases like elderly patients with severe comorbidity, patients with vague 
symptom or fertile women with unusual symptoms [7,8]. 

If CT-scans should be used routinely in the diagnostic process of 
patients suspected of appendicitis, this modality should be available day 
and night and access to the radiological departments should be without 
significant delay. Furthermore, the interpretation of a given CT-scan 
by the radiologist on duty must have sufficiently high predictive value 
for the surgeon to avoid unnecessary operations and only operate if the 
diagnosis is clear. 

Aim
The aims of the present study was 

•	 To evaluate the validity of rectal contrast-enhanced CT-scan in 
the diagnosis of acute appendicitis

•	 Compare the interpretation of the scans made by the radiologist 
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on duty with the interpretation by a consultant CT-radiologist

•	 To evaluate the feasibility in an every-day setting of rectal 
contrast-enhanced CT-scan as a routine examination in 
patients suspected of acute appendicitis

•	 To evaluate patient experience of rectal contrast-enhanced CT-
scan in respect to pain, discomfort, information etc.

Materials and methods
All patients during a period of 24 months scheduled for emergency 

operation on suspicion of having acute appendicitis and fulfilling the 
inclusion criteria (Table 1) were candidates for inclusion in the study. 
The inclusion period began February 2009. An overview of patients 
aged 18 or above scheduled for appendicitis during the 24 month pe-
riod is shown in table 2. At our department no uniform guidelines or 
algorithms are used to diagnose appendicitis, and the diagnosis was 
made on clinical grounds by a combination of patient history, typical 
clinical findings, blood test and urinary tests. 

Patients were included prospectively, but not consecutively, as for 
logistic reasons like certain holidays and on days with extraordinary 
workload in the department of radiology. The patient population is 
seen in table 3.

After inclusion, the patients underwent a rectal-enhanced CT scan 
using a Phillips Brilliance CT-scanner. A rectal catheter was introduced 
20 minutes before the CT scan and one liter of isotonic Saline mixed 
with 40 ml. 270 mg/ml Visipaque purged into the patient’s rectum and 
colon while the patient was lying on the left side. Ten minutes before 
the scan, the patient was asked to lie on the right side. Initially, a fron-
tal and side surview of the abdomen was taken. The CT-scan was per-
formed as a 64 slice scan from the top of the third lumbar vertebrae to 

the top of the acetabulum. The X-raying dose was approximately three 
milliSievert, which is less than a traditional X-ray of the colon a.m. We-
lin. When the rectal-enhanced CT scan was performed, the radiologist 
on duty evaluated the result of the scan, noted the findings of the scan 
in a questionnaire, and sent the questionnaire to the project office. The 
surgeon did therefore not know the result of the scan prior to the op-
eration and the radiologist did not known the findings at the operation, 
during which the appendix was removed laparoscopically if inflamed. 
The department of pathology examined all removed appendices.

When the patients were discharged or within one week after dis-
charge the patients were contacted by a project nurse for a follow-up 
interview about the patients experience with the CT scan.

When the study period was over, all scans were re-evaluated by an 
experienced CT-radiologist, who was blinded in respect to the initial 
evaluation of the scans as well as the operative findings. 

All patients received both written and oral information about the 
study and gave informed consent before entering the study. The study 
was approved by The Regional Committee on Health Research Ethics 
and the Danish Data Protection Agency.

Results
A total of 102 patients were included in the study. Fifty-five pa-

tients were males (54%) and mean age was 44.2 years (18-86 years). The 
average waiting time for the CT-scans were 2.12 hours (min 0.98 – max 
25.8) and the average waiting time for operations were 5.50 hours (min 
1.5 – 31.5 hours).

As shown in table 4, 18 patients had a normal appendix at 
laparoscopy, 46 patients a mild inflamed appendix and 38 patients a 
gangrenous or perforated appendix at the time of surgery. In thirteen 
cases the radiologist on call could not determine if the appendix was 
inflamed or not. By the second review of the scans this was only in 
four cases. The sensitivity was 0.83 (60/(60+12)) and 0.86 (70/(70+11)) 
for the radiologist on call and the expert review of the CT scans, 
respectively. The specificities calculated was 0.94 (16/17) and 100 
(17/17).

Table 5 shows the evaluation by the patients of the CT-scans. 
Approximately 85% of the patients experienced some degree of 
discomfort and 67% of the patients had pain during the scan or the 
related infusion of rectal administered contrast enema. However, 92 of 
the 102 patients were willing to have the scan performed again while 
seven patients were not. 

Discussion
Numerous studies evaluating different imaging modalities in diag-

nosing acute appendicitis have been made. Many of these studies are 
retrospective studies. In our study we have evaluated rectal adminis-

Inclusion:
Clinical suspicion of acute appendicitis and scheduled for emergency operation
Exclusion:
Age < 18 years
Pregnancy
Unable to cooperate during the CT-scan
Unable to read and understand Danish

Table 1. Inclusion / exclusion criteria.

Patients scheduled for appendicectomy 370
Not included* 152
Declined partipation 58
Excluded according to exclusion criterias 23
Included, but CT scans not performed because of 
prolonged waiting time

35

Total number of patients included and scanned 102
*patients were not included because of holidays, surgeons who forgot to include the 
patients etc.

Table 2. Patient population.

Number of patient included N=102
Age 44.22 (mean) 18 – 86 (min – max)
Gender Women: N=47 Men: N=55
Duration of symptoms More than 12 hours: 98 Less than 12 hours: 4
Temperature 37.6 °C 35.7 – 39.8 (min – max)
Pulse 82 (Heart rate per minute) 36 – 117 (min – max)
Hemoglobinlevel 8.8 mmol/L 6.9 – 10.9 (min – max)
Leucocyte count 13.0 (2.0 – 27.9)
C reactive protein level 70 mmol/L (0.2 – 445)
S-creatinine 71 µmol/L (37 – 104)

Table 3. Basic data of included patients.
Inflamed Normal appendix Total

Appendicitis suspected 
on CT scan, evaluation 
by radiologist on duty

Yes  60 1 61
No 12 16 28
Undeterminable 12 1 13
Total 84 18 102

Appendicitis suspected 
on CT scan, evaluation 
by specialist

Yes 70 0 70
No 11 17 28
Undeterminable 3 1 4
Total 85 18 102

Table 4. Appendicitis suspected on CT scan, evaluation by radiologist and specialist.
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trated contrast enema using a low radiation dose in a prospective study. 
Our results show that this method in case of normal findings at CT 
scans does not overlook many patients with appendicitis. Actually we 
found a specificity of 94% when the CT scans were evaluated by the 
radiologists on call and 100% when the CT scans were evaluated by a 
CT specialist. However, it can be argued that the number of patients is 
low making these and the confidence intervals would therefore be wide.

In this study, we included only patients that clinically had 
appendicitis and the surgeons would therefore make an operation. If 
the radiologist was in doubt of the result of the scan, they might have 
said that appendicitis is likely to be present, because they knew that 
the patients were about to undergo an operation for appendicitis. In 
all cases where the radiologist was unable to determine if the appendix 
was inflamed, appendicitis was found at the operation making this 
potential bias of probably little significance as shown in table 4.

Only patients in which the surgeon decided to make an operation 
was included in the study. If taken into account the large number of 
patients that for different reasons was not included, it can be argued 
that only the clear cases were included. This could be a potential bias of 
the result. However, the main explanation for the prolonged inclusion 
period is rather that the surgeons forgot to include the patients. 

In our study, we found a very high specificity of 94% and a 
sensitivity of 86% using only rectal contrast. The interpretations of CT-
scans by younger radiologist on call compared to more experienced 
radiologist have been evaluated in a single study [9]. In this study, only 
minor differences were found and these differences did not alter the 
treatment of the patients. Indeed, we found a similar result as shown in 
table 4. Other studies have found similar results [7,10]. 

All patients in our study were interviewed after the CT scans. As 
seen in table 5 most patients experienced some kind of discomfort. 
We believe that it is of importance to have information about patient 
discomfort when introducing a new investigation modality. If the 
proportion of patients with discomfort of any degree is unacceptably 
high, is a subject for discussion and must be weighed up against the 
benefit of the method. In our study we did not take the consequence 
of a normal scan but operated the patients as planned. On the other 
hand, using other contrast enhancing modalities like intravenous 
contrast there is the risk of severe side effects like allergic reactions and 
nephrotoxicity [7,8]. 

Latifi et al. [10] examined in a retrospective study if additional 
oral or intravenous contrast increased the accuracy. Even though 
some of the groups were rather small, they did not find an increase 
in accuracy using more than one contrast modality. Mun et al. [11] 
found high sensitivities and specificities using intravenous contrast in 
their retrospective study. In a Dutch study was found a high sensitivity 
and specificity using unenhanced CT scans [12]. An interesting study 
by Shaligram et al. [13] showed that patients undergoing CT imaging 
compared with those without a CT scan had less morbidity and fewer 
30-day readmissions. However, CT imaging resulted in a higher overall 
length of hospital stay and a higher total cost. 

Based upon our results and other similar studies it seems that CT 
scans using rectal contrast enema can reduce the number of negative 
appendectomies with high sensitivity and specificity rates. However, 
which contrast modality (intravenous, oral or rectal) is superior to 
the others is unclear. Further, the widespread use of laparoscopic 
surgery also in the acute settings in combination with the CT scans 
also needs further evaluation as well as the economic costs. We 
therefore recommend that the use of CT scans in the diagnosis of acute 
appendicitis must be evaluated in a large randomized trial.
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Discomfort pain
None 16 (15.7%) 37 (36.3%)
Easy 34 (33.3%) 29 (28.4%)

Moderate 27 (26.5%) 13 (12.7%)
Hard 25 (24.5%) 23 (22.5%)
Total 102 (100%) 102 (100%)

Table 5. The table shows the patients perception of pain and discomfort of the CT scans.
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