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A cute appendicitis is one of the most common causes of acute 
abdominal pain. Ultrasound (US) has traditionally been widely 
and accurately used for the diagnosis of acute appendicitis. Sono-

graphic criteria for the diagnosis of acute appendicitis is visualization of 
aperistaltic, non-compressible intestinal segment arising from caecum 
that measures more than 6 mm in diameter. An appendicolith which 
leads to obstruction of the appendix can also be demonstrated with 
ultrasound. Doppler ultrasound might contribute for the diagnosis of 
the appendicitis by demonstration of increased blood flow in the wall of 
the appendix in non-perforated cases, and by showing loss of perfusion 
in perforated cases (1-8). Although there are studies which suggest that 
magnetic resonance (MR ) imaging can be used as alternative modality 
to US and computed tomography (CT), the high cost/benefit ratio of 
this technique limits its utilization in the diagnosis of acute appendicitis 
(9-11). Since it is less operator dependent compared to ultrasound (US), 
spiral CT has been increasingly used for the assesment of the appendix 
and the diagnosis of acute appendicitis. Spiral CT is also much more 
available and less expensive compared to MR imaging. There are many 
studies in the literature for the CT diagnosis of appendicitis utilizing 
oral, rectal and intravenous contrast agents (12-17). CT criteria for the 
diagnosis of acute appendicitis primarily depend upon US criteria (1-3,  
18). In the literature, there are only few studies which assess CT criteria 
of the normal appendix (12).

The aim of this study is to define the CT criteria for the diagnosis of 
acute appendicitis by assessing the thickness, location and frequency of 
visualization of the normal appendix.

Materials and methods
A total of 315 patients who were referred to CT for urolithiasis be-

tween April 2000 and November 2002 were retrospectively reviewed. 
Patients who had no medical records, pediatric patients and patients 
who were examined with different acquisition parameters compared to 
parameters used for urolithiasis were excluded and the remaining 234 
patients (87 females and 147 males) were included in the study. The 
patients’ age ranged between 18 and 90 with a mean of 42 years. All 
examinations were performed with spiral CT (HiSpeed CT/i, GE Medi-
cal Systems, Milwaukee, Wisconsin) utilizing 7 mm slice thickness, 3.5 
mm interslice gap and a pitch of 2:1. In all examinations, 120 kVp and 
20 mA values were selected for the image acquisition. All patients were 
examined in supine position, starting from the top of the kidneys to the 
bottom of the bladder, during one breath-hold period. No oral, rectal 
or intravenous contrast media were used. Images were transferred from 
previously recorded optical discs and were interpreted retrospectively at 
work stations. For image interpretation, axial source images as well as 

PURPOSE
To evaluate the frequency of visualization, thickness 
and location of the normal appendix at non-enhanced 
spiral computed tomography (CT).

MATERIALS AND METHODS
Low-dose spiral CT scans obtained for renal colic 
assessment in 243 patients were retrospectively 
reviewed. The frequency of visualization, thickness 
and location of normal appendices were recorded  
without knowledge of the patients’ history for the 
appendectomy.

RESULTS
Forty of 234 patients had a past history of appen-
dectomy (17%). Sensitivity, specificity, positive and 
negative predictive values, and accuracy of visualiza-
tion of the normal appendix were 71%, 85%, 96%, 
37% and 73%, respectively. When no intraluminal 
content was visualized, this area was excluded from 
the measurement and the mean thickness was 3.4 
mm±0.66.

CONCLUSION
The normal appendix is frequently seen at non-
enhanced spiral CT. Knowing the normal thickness 
of the appendix can help reduce false positive and 
false negative diagnoses of acute appendicitis when 
reviewing non-enhanced spiral CT.
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multiplanar reformatted images were 
evaluated. Surgical history for appen-
dectomy of each patient was searched 
after the completion of the interpreta-
tion of all examinations.

The visibilitywhenever possible 
the thickness, and the location of 
the appendix were noted. The rate of 
the visualization of the appendix was 
calculated for each sex and compared 
utilizing Fisher’s exact test. Patients who 
had no history of appendectomy and 
whose appendices were visible in CT 
examination were classified as “true 
positive” and patients whose appendi-
ces were not visible classified as “false 

negative”. Patients with a history of 
appendectomy in whom an anatomi-
cal structure other than appendix was 
misinterpreted as the appendix were 
classified as “false positive”. Patients 
with a history of appendectomy in 
whom the appendix was not visible 
were classified as “true negative”. The 
frequency of visualization of the ap-
pendix (sensitivity) in patients with no 
history of appendectomy; the diagno-
sis of missing appendix (specificity) in 
patients who had appendectomy, the 
predictive value of visualization of the 
appendix (positive predictive value), 
the prediction value of non-visualiza-

tion of the appendix (negative predic-
tive value) and accuracy rates were 
calculated.

If the intraluminal content could not 
be seen, the thickness of the appendix 
was found by measuring maximum 
double wall thickness of the appendix 
(Figure 1a). If intraluminal density (air-
fluid) of the appendix allowed the dif-
ferentiation of the wall and the lumen, 
the thickness was measured by sub-
tracting the thickness of intraluminal 
content from double wall thickness of 
the appendix (Figure 1b). The location 
of the appendix was classified accord-
ing to the position of the tip of the 
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Figure1. a. The double wall thickness of the appendix in which intraluminal content was not visible is measured as 5 mm. b. The double wall 
thickness of the appendix was measured as 4 mm by subtracting the diameter of the lumen (arrowheads) from the full thickness of the appendix 
(arrows) in a patient whom intraluminal content can be differentiated from the wall of the appendix.

Figure 2. Axial CT section (a) and coronal-oblique MIP image (b) show an appendix located medial to the caecum (arrow). Note also that the 
origin of the appendix and ileocaecal valve are at the same level.
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appendix. If the tip of the appendix 
was anterior or lateral to the ascending 
colon, it was called “paracolic” (Figure 
2); if it was posterior to caecum it was 
considered “retrocaecal” (Figure 3); if 
the tip was extending to pelvis it was 
called “pelvic” (Figure 4); and if it was 
extending to the midline without ex-
tending to pelvis it was called “midline 
extension” (Figure 5). The location of 
the appendix was also assessed accord-
ing to its relation with ileocaecal valve 
(Figure 2a, Figure 6).

Results
Depending on information obtained 

from medical records and personal 

phone calls, the prevalence of the 
appendectomy was found 17.1% (40/
234). There were 177 true positive, 
34 true negative, 6 false positive and 
57 false negative results. Depending 
on these values, the sensitivity, spe-
cificity, positive predictive value (PPV), 
negative predictive value (NPV) and 
the accuracy of CT for identification of 
the normal appendix were 71% (137/
194), 85% (34/40), 96% (137/143), 37% 
(34/91), 73% (171/234), respectively. 
In patients who had no history of ap-
pendectomy, normal appendix was 
identified in 64% (46/71) of the female 
and 73% of the male patients. No statis-
tically significant difference was found 

between the genders (Fisher’s exact test, 
p=0.088).

The mean thickness of the appendix 
was 3.4 mm ± 0.6 (mean ± SD) in cases 
in which intraluminal content was vis-
ible and 5.1 mm ± 0.25 (mean ± SD) 
in cases in which appendiceal content 
was not visible.

The most frequent locations for the 
tip of the appendix were paracolic 
in 87 patients (63.5%), pelvic in 21 
patients (15.3%), retrocaecal in 17 pa-
tients (12.4%), “extending midline” in 
12 patients (8.7%). Ileocaecal valve was 
demonstrated in 127 out of 137 (93%) 
patients. According to the location of 
the ileocaecal valve, the base of the ap-

Figure 3. Axial CT section (a) and sagittal MIP image (b) show an appendix located in the retrocaecal position (arrow). 

Figure 4. Axial CT section (a) and coronal-oblique MIP image (b) show pelvic position of the appendix. Axial image shows that root of the 
appendix and ileocecal valve are located at the same level.
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pendix was caudal to ileocaecal valve 
in 99 (78%) patients and at the same 
level with ileocaecal valve in 28 (22%) 
patients.

Discussion
 Acute appendicitis is one of the 

most common causes of the acute ab-
domen and the majority of the cases 
can be diagnosed by history, physical 

examination and laboratory findings. 
However, it still constitutes an impor-
tant problem because it can present 
with different clinical findings and can 
be confused with many diseases. There 
are publications suggesting that imag-
ing methods do not have a significant 

contribution to the diagnosis of acute 
appendicitis, and that they in fact de-
lay treatment and therefore result in 
increased perforation rates (19, 20). On 
the other hand, it is also stated  that 
especially in atypical cases, negative 
appendectomy rates reaching up to 
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Figure 5. Axial CT section (a) and coronal MIP image (b) show an appendix (arrow) extending to the midline. 

Figure 6. Axial CT sections (a-c), 
and coronal-oblique MIP image 
(d) show that root of the appendix 
is located caudal to the ileocecal 
valve.
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20% before the utilization of cross-sec-
tional imaging modalities decreased to 
as much as 4% with the use of imag-
ing modalities like US and CT (21, 22). 
There are many studies that was made 
with CT examinations using oral, rectal 
or intravenous contrast media for the 
diagnosis of acute appendicitis (12-17). 
However, especially in examinations 
without administration of intravenous 
contrast media and in cases that the 
luminal content of the appendix can 
not be seen, real double wall thickness 
can not be measured. Also, if it is taken 
into account that the appendix lumen 
is not always filled with either oral or 
rectal contrast agent, the determina-
tion of the upper limit for the appen-
diceal diameter in nonenhanced CT 
becomes more important.

 CT criteria for the diagnosis of acute 
appendicitis include double wall thick-
ness being more than 6-7 mm, peri-
appendiceal inflammatory changes 
and demonstration of appendicoliths 
(12-15, 17, 23). However, in one study 
it was observed that 22% of the cases 
with appendicitis did not have peri-
appendiceal inflammatory findings 
of CT (24). Cut-off values defined for 
the normal appendix are based on US 
criteria (1-3). But it should be kept in 
mind that it may not be accurate to use 
the cut-off values defined for US in CT, 
because in ultrasonographic investiga-
tion real double wall thickness can be 
measured by compression. 

In our study, mean double wall 
thicknesses in cases with and without 
intraluminal content were measured 
3.4 ± 0.66 mm and 5.1 ± 0.25  mm, 
respectively. According to these find-
ings, it is considered that sonographi-
cally defined 6 mm cut-off value may 
also be used in CT examinations. 

However, it was reported in a similar 
study that the wall thickness of the 
normal appendix could reach up to 
11 mm and was stated that especially 
in cases in whom the luminal content 
is not identified, upper limit of normal 
value should be accepted as 10 mm 
(25). Similar studies are required to 
determine an optimal cut-off value for 
the diagnosis of acute appendicitis in 
the absence of periappendiceal inflam-
matory changes. In our study, the fre-
quency of visualization of the normal 
appendix (sensitivity) was found as 
71% and positive predictive value for 
the visualization of the normal appen-
dix was found as 96%. Among the cas-
es in which the normal appendix was 
not identified at CT, 37% was the cases 
with appendectomy (negative predic-
tive value). Also in 15% of the cases 
who had appendectomy, other ana-
tomical structures were misinterpreted 
as normal appendix (specificity, 85%). 
In the light of the studies in the litera-
ture, these anatomical structures were 
considered to be either ileocolic artery 
or thickened Gerota’s fascia (27). 

Accuracy rate was calculated as 73% 
in our study. The results of our study 
in comparison with the results of the 
similar studies in the literature can be 
seen in the Table. In studies that were 
performed with US, the frequency of 
visualization of normal appendix was 
reported as variable rates between 0% 
and 82% (7).  

The location according to the posi-
tion of the appendiceal tip was found 
as paracolic in 87 (63.5%) cases, pelvic 
in 21 (15.3%) cases, retrocaecal in 17 
(12.4%) cases and midline in 12 (8.7%) 
cases in our study. In a similar study, 
these values were reported as 62%, 
19%, 10% and 8%, respectively (25). 

Interestingly, the similar findings ob-
tained in both studies seem to be in-
consistent with the classic knowledge 
assuming the most frequent location 
of the appendix as retrocaecal (26).

The identification of the caecum 
and the ileocaecal valve facilitates the 
visualization of the appendix mostly 
because of the anatomical relationship 
with this region (25). In our study, 
ileocaecal valve was seen in 127 of 
the 137 true positive cases (93%). Ap-
pendiceal root was seen caudal to the 
ileocaecal valve level in 99 (78%) of 
these cases and at the same level with 
the ileocaecal valve in 28 (22%) of the 
cases. In the light of these findings,  
first localizing the ileocaecal valve 
and then investigating the distal part 
of the caecum to the ileocaecal valve 
while searching for normal or inflamed 
appendix in a CT examination seems 
to be a method that will facilitate the 
radiologist’s work to a greater degree.

Our study had some limitations. The 
first of these was that surgical-patho-
logical proof could not be obtained 
for diagnosis verification. Another 
limitation was that our only way to 
reach surgical history of the patients 
was medical records and personal 
communication. It was possible for pa-
tients who have undergone a surgery 
for other reasons to be unaware of the 
situation that they had a concomi-
tant appendectomy. Additionally, we 
ignored the possibility of congenital 
absence of the appendix. However, in 
a study it has been reported that the 
incidence of absence of the appendix is 
1/100,000 (29). Finally, there was only 
one reviewer for the evaluation of the 
images. It should be remembered that 
in most of the emergent conditions in 
Turkey, there is only one radiologist 

Table. Comparison of our study with similar studies reported in the literature

Study (reference 
number)

Contrast material Technique
(section thickness and 
gap, mm)

Sensitivity  
(%)

Specificity    
(%)

Positive 
predictive value 
(%)

Negative 
predictive value 
(%)

Accuracy (%)

This study CM (-) 7 and 3.5 71 85 96 37 73

Lane (2) CM (-) 5 and 5 77 - - - -

Benjaminov (25) CM (-) 5 and 2.5 79 90 98 34 80

Grosskreautz (27) IV and oral       
CM (+) 8 and 10 51 - - - -

Scatarige (28) Oral CM (+) 5 and 5 43 - - - -

IV: intravenous, CM: contrast material
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for the interpretation of the examina-
tions.

In conclusion, it was shown in our 
study that with non-contrast spiral 
CT, normal appendix could usually be 
demonstrated. Although the double-
wall thickness of the normal appendix 
correlates with the criteria defined for 
US, this observation must be confirmed 
with larger series. It is very important 
to determine the maximum thickness 
of the normal appendix at CT in order 
to diagnose acute appendicitis and to 
rule out other etiologies of acute ab-
dominal pain.

References
1. Jeffrey RB, Jr, Laing FC, Townsend RR. 

Acute appendicitis: sonographic criteria 
based on 250 cases. Radiology 1988; 167:
327-329.

2.  Rioux M. Sonographic detection of the 
normal and abnormal appendix. AJR Am J 
Roentgenol 1992; 158:773-778.

3.  Simonovsky V. Sonographic detection 
of normal and abnormal appendix. Clin 
Radiol 1999; 54:533-539.

4.  Jeffrey RB, Jain KA, Nghiem HV. 
Sonographic diagnosis of acute appen-
dicitis: interpretative pitfalls. AJR Am J 
Roentgenol 1994; 162:55-59.

5.  Jeffrey RB, Laing FC, Lewis FR. Acute ap-
pendicitis: high-resolution real-time US 
findings. Radiology 1987; 163:11-14.

6.  Abu-Yousef MM, Bleicher JJ, Maher JW, 
Urdaneta LF, Franken EA, Metcalf AM. 
High-resolution sonography of acute ap-
pendicitis. AJR Am J Roentgenol 1987; 
149:53-58.

7.  Birnbaum BA, Wilson SR. Appendicitis at 
the millennium. Radiology 2000; 215:337-
348.

8.  Borushok KF, Jeffrey RB, Jr, Laing FC, 
Townsend RR. Sonographic diagnosis of 
perforation in patients with acute appen-
dicitis. AJR Am J Roentgenol 1990; 154:
275-278.

9.  Hormann M, Puig S, Prokesch SR, Partik 
B, Helbich TH. MR imaging of the normal 
appendix in children. Eur Radiol 2002; 12:
2313-2316.

10.  Incesu L, Coskun A, Selcuk MB, Akan H, 
Sozubir S, Bernay F. Acute appendicitis: 
MR imaging and sonographic correlation. 
AJR Am J Roentgenol 1997; 168:669-674.

11.  Hormann M, Paya K, Eibenberger K, 
Dorffner R, Lang S, Kreuzer S, Metz VM. 
MR imaging in children with nonperfo-
rated acute appendicitis: value of unen-
hanced MR imaging in sonographically 
selected cases. AJR Am J Roentgenol 1998; 
171:467-470.

12.  Lane MJ, Katz DS, Ross BA, Clautice-
Engle TL, Mindelzun RE, Jeffrey RB, Jr. 
Unenhanced helical CT for suspected 
acute appendicitis. AJR Am J Roentgenol 
1997; 168:405-409.

13.  Lane MJ, Liu DM, Huynh MD, Jeffrey RB, 
Jr, Mindelzun RE, Katz DS. Suspected acute 
appendicitis: nonenhanced helical CT in 
300 consecutive patients. Radiology 1999; 
213:341-346.

14.  Rao PM, Rhea JT, Novelline RA, et al. 
Helical CT technique for the diagnosis 
of appendicitis: prospective evaluation 
of a focused appendix CT examination. 
Radiology 1997; 202:139-144.

15.  Rao PM, Rhea JT, Novelline RA, Mostafavi 
AA, Lawrason JN, McCabe CJ. Helical CT 
combined with contrast material admin-
istered only through the colon for imag-
ing of suspected appendicitis. AJR Am J 
Roentgenol 1997; 169:1275-1280.

16.  Choi YH, Fischer E, Hoda SA, et al. 
Appendiceal CT in 140 cases: diagnostic 
criteria for acute and necrotizing appendi-
citis. Clin Imaging 1998; 22:252-271.

17.  Malone AJ, Wolf CR, Malmed AS, Melliere 
BF. Diagnosis of acute appendicitis: value 
of unenhanced CT. AJR Am J Roentgenol 
1993; 160:763-766.

18.  Vignault F, Filiatrault D, Brandt ML, Garel 
L, Grignon A, Ouimet A. Acute appen-
dicitis in children: evaluation with US. 
Radiology 1990; 176:501-504.

19.  Lee SL, Walsh AJ, Ho HS. Computed to-
mography and ultrasonography do not 
improve and may delay the diagnosis and 
treatment of acute appendicitis. Arch Surg 
2001; 136:556-562.

20.  Perez J, Barone JE, Wilbanks TO. Liberal 
use of computed tomography scanning 
does not improve diagnostic accuracy in 
appendicitis. Am J Surg 2003; 185:194-
197.

21. Balthazar EJ, Rofsky NM, Zucker R. 
Appendicitis: the impact of computed 
tomography imaging on negative ap-
pendectomy and perforation rates. Am J 
Gastroenterol 1998; 93:768-771.

22. Berry J, Jr, Malt RA. Appendicitis near its 
centenary. Ann Surg 1984; 200:567-575.

23. Balthazar EJ, Birnbaum BA, Yee J, Megibow 
AJ, Roshkow J, Gray C. Acute appendicitis: 
CT and US correlation in 100 patients. 
Radiology 1994; 190:31-35.

24.  Jacobs JE, Birnbaum BA, Macari M, et al. 
Acute appendicitis: comparison of helical 
CT diagnosis-focused technique with oral 
contrast material versus nonfocused tech-
nique with oral and intravenous contrast 
material. Radiology 2001; 220:683-690.

25.  Benjaminov O, Atri M, Hamilton P, 
Rappaport D. Frequency of visualization 
and thickness of normal appendix at non-
enhanced helical CT. Radiology 2002;225:
400-406.

26.  Moore KL. Clinically Oriented Anatomy. 
3rd ed. Williams and Wilkins, 1992; 203-
204.

27.  Grosskreutz S, Goff WB 2nd, Balsara Z, 
Burkhard TK. CT of the normal appendix. J 
Comput Assist Tomogr 1991; 15:575-577.

28.  Scatarige JC, DiSantis DJ, Allen HA 3rd, 
Miller M. CT demonstration of the appen-
dix in asymptomatic adults. Gastrointest 
Radiol 1989; 14:271-273.

29. Chevre F, Gillett M, Vuilleumier H. 
Agenesis of the vermiform appendix. Surg 
Laparosc Endosc Percutan Tech 2000; 10:
110-112.


