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Abstract
AIM: To assess the frequency of visualization, position 
and diameter of normal appendix on 128-slice multide-
tector computed tomography (MDCT) in adult popula-
tion.

METHODS: Retrospective cross sectional study con-
ducted at Radiology Department, Dallah Hospital, Ri-
yadh, Saudi Arabia from March 2013 to October 2013. 
Non-enhanced computed tomography scans of abdo-
men and pelvis of 98 patients presenting with hematu-
ria (not associated with abdominal pain, fever or colonic 
disease) were reviewed by two radiologists, blinded to 
patient history. The study group included 55 females 
and 43 males with overall mean age of 54.7 years (range 
21 to 94 years). The coronal reformatted images were 
reviewed in addition to the axial images. The frequency 
of visualization of appendix was recorded with assess-
ment of position, diameter and luminal contents.

RESULTS: The appendix was recorded as definitely 
visualized in 99% of patients and mean outer-to-outer 
diameter of the appendix was 5.6 ± 1.3 mm (range 
3.0-11.0 mm).

CONCLUSION: MDCT with its multiplanar reformation 
display is extremely useful for visualization of normal 
appendix. The normal appendix is very variable in its 
position and diameter. In the absence of other signs, 
the diagnosis of acute appendix should not be made 
solely on outer-to-outer appendiceal diameter.
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Core tip: With recent advances in computed tomo-
graphic technology, there is improvement in quality 
of imaging with better spatial and contrast resolution, 
which has resulted in improved diagnosis and manage-
ment of patients specially with acute appendicitis. In 
our institute 128-slice multidetector computed tomog-
raphy installed last year, which improved our confidence 
of visualization of appendix. We reviewed our set of 
patients and looked specifically at outer-to-outer diam-
eter of normal appendix which varied between 3 mm 
to 11 mm, these findings further emphasized that there 
is substantial variability in cutoff of normal appendiceal 
diameter which was up to 11 mm in our series. This fur-
ther potentiated the fact that acute appendicitis can not 
be established solely on the base of diameter.
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Can outer-to-outer diameter be used alone in diagnosing 
appendicitis on 128-slice MDCT?



INTRODUCTION
With recent advances in computed tomography (CT) 
expertise, particularly the introduction of  multidetec-
tor computed tomography (MDCT) scans, CT has now 
become the main imaging modality for assessment of  
adult patients with probable appendicitis[1]. Imaging of  
normal appendix is better at CT scan than ultrasound es-
sentially excluding the diagnosis of  acute appendicitis[2,3]. 
Various CT techniques have been applied for appropriate 
detection of  abnormal appendix including unenhanced 
and enhanced CT scans with intravenous, both oral and 
intravenous and sometimes, oral, intravenous and intrar-
ectal contrast material. Reported accuracies of  these tech-
niques have varied but generally are comparable[2,3]. Most 
of  the previous studies have been conducted on helical 
scanners and have mainly focused on abnormal rather 
than normal appendix. With availability of  multidetec-
tor technology thinner collimation and faster scanning 
is possible, improving scanning resolution and enabling 
reformations in any desired plane, similar spatially to the 
reformations obtained in the axial plane[4,5]. This also 
elucidates the gaining acceptance of  techniques without 
intravenous or rectally administered contrast material to 
make the procedure simple and fast for detection of  this 
surgical emergency.

Among various signs of  acute appendicitis at CT, 
increased appendiceal diameter is considered as the most 
precise sign with sensitivity and specificity of  92%-93% 
and 92%-100% respectively reported in the literature[6,7]. 
Secondary signs of  inflammation also seen in many pa-
tients with acute appendicitis that help in the conclusion. 
However, appendiceal diameter enlargement can be seen 
as an isolated finding indicating acute appendicitis and 
has been reported in significant number (52%) of  symp-
tomatic patients[8].

In many text books of  radiology and published ar-
ticles on the topic of  appendicitis, the upper limit for 
normal appendiceal thickness has been taken as 6 mm[2-9]. 
This was reported in the ultrasound literature mostly by 
assuming a graded compression technique. Since com-
pression is not applied during CT scan studies this 6 mm 
threshold of  appendix at ultrasound is difficult to hy-
pothesize in interpretation of  CT scans. Limited studies 
are available in literature in which normal appendix was 
evaluated and much less even on MDCT. The purpose of  
this study was to look for the frequency of  visualization 
of  appendix with assessment of  position, diameter and 
luminal contents in patients not having any clinical suspi-
cion of  appendicitis as a primary provisional diagnosis.

MATERIALS AND METHODS
This retrospective study included 110 adult subjects pre-
senting to the Radiology Department of  Dallah Hospital, 
Riyadh with complaint of  hematuria, in whom there was 
no clinical suspicion of  acute appendicitis. Twelve had 
history of  appendectomy confirmed through review of  
medical record files of  the patients and were omitted 

from the study group. The study period was from March 
2013 to October 2013, and approval from ethics com-
mittee was obtained from the institutional review board 
of  Dallah Hospital. Only the non-contrast CT scan for 
all patient was included in this review. Exclusion criteria 
included patients with other complaints, i.e., abdominal 
pain, fever. Patients with known pathologies centered 
in the right iliac fossa region were also excluded since 
diameter of  appendix may be affected by inflammatory 
and neoplastic pathologies. All CT examinations were 
performed using Siemens SOMATOM Definition AS + 
128 slice scanner (Siemens Medical Solutions, Forchheim, 
Germany). The scan range extended from the superior 
pole of  the most cephalic kidney to the base of  the blad-
der. Following acquisition parameters were employed: 
Gantry rotation time of  300 milliseconds, 120 kVp, 
190-280 reference mAS, collimation 128 mm × 0.6 mm. 
Calculated radiation dose for examination was around 
4 mSV. Coronal and sagittal images were reconstructed 
with multiplanar technique having slice thickness of  2 
mm and a reconstruction interval of  2 mm.

All images were stored and sent to the workstation 
(VEPRO, AG, Germany). Two radiologist with 8 and 
10 years of  experience in emergent abdominal imaging 
reviewed CT images with a standard mediastinal window 
settings (window width, 300 HU; window level, 40 HU) 
on picture archiving and communication system worksta-
tion.

Statistical analysis
Statistical analysis was performed using Statistical Pack-
age for Social Sciences (SPSS, version 17; Chicago, IL, 
United States) Agreement between readers for identifica-
tion of  appendix on the basis of  axial images alone or 
on the basis of  combined axial and coronal images was 
determined using k statistic. The linear, weighted k statis-
tic was applied for inter-observer agreement between the 
two radiologists. Agreement was rated poor (k < 0.00); 
slight agreement (0.00-0.20); fair agreement (0.21-0.40); 
moderate agreement (0.41-0.60); substantial agreement 
(0.61-0.80); almost perfect agreement (0.81-1.00). Chi-
square test was used for comparing independent pro-
portions, while McNemar test was applied for analyzing 
paired proportions. A P value of  less than 0.05 was con-
sidered statistically significant.

RESULTS
For axial images alone, the normal appendix was identi-
fied in 93/98 of  the subjects by Reader 1 and 95/98 of  
the subjects by Reader 2. For combined axial and coronal 
images, the normal appendix was identified in 97/98 of  
the subjects by both readers. Thus, the mean identifica-
tion rate of  the normal appendix was 94% with the axial 
images only, and 99% with both the axial and coronal 
images. Prevalence was 11% in this cohort (12 of  110 pa-
tients had undergone appendectomy). 

For the axial images alone, agreement between the 
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readers for identification of  normal appendix was mod-
erate (k = 0.43). However, the agreement was almost per-
fect (k = 0.85) when both axial and coronal images were 
reviewed. 

Table 1 describes the frequencies of  visualization of  
a normal appendix in patients who had their appendix 
(sensitivity), the frequency of  recognition of  an absent 
appendix (specificity), the predictive value of  visualiza-
tion of  the normal appendix (positive predictive value), 
and the predictive value of  lack of  visualization of  an 
appendix(negative predictive value). Frequencies of  visu-
alization were obtained for axial images alone and with 
coronal reformations. The most common position of  
the appendiceal tip was medial (55%), followed by retro-
caecal (26%), sub-hepatic (6%), pelvic (8%), and inferior 
(4%). Thirty percent of  appendices were collapsed and 
did not contain any air, fecal matter or fluid. Fifty percent 
had intra luminal air only, 18% contained both air and 
fecal matter, while 2% had only fluid as luminal content. 
The minimum diameter of  appendix encountered was 
3.0 mm (Figure 1) with maximum of  11.0 mm (Figure 

2). The mean outer diameter of  the appendix was 5.6 ± 
1.3 mm (diameter included both types of  appendices that 
is when luminal contents were visualized and when con-
tents were not visualized).

Table 2 shows the mean and the range of  thickness of  
visualized 97 normal appendices for each reader separately 
and in combination. When the luminal contents were 
not visualized the full thickness was measured (Figure 3) 
outer wall-to wall diameter. The mean thickness of  nor-
mal appendix was 6.6 ± 1.1 (SD) (range, 3.5-11.0). Forty-
eight percent patients had outer diameter greater than 
6.0 mm. When luminal contents were visualized the wall 
itself  could be measured (Figure 4), the mean thickness of  
normal appendix was 3.9 ± 1.0 (range, 3.0-8.5). The one 
normal appendix (Figure 5) not detected by both readers 
despite coronal reformations was due to adjacent fluid 
distended bowel loops.

DISCUSSION
Acute appendicitis is one of  most common reason of  

Table 2  Thickness of normal appendix

915 December 28, 2014|Volume 6|Issue 12|WJR|www.wjgnet.com

Table 1  Rate of visualization of normal appendix

Axial images Axial + coronal reformations

Sensitivity Specificity Positive predictive 
value

Negative predictive 
value

Sensitivity Specificity Positive predictive 
value

Negative predictive 
value

Reader 1 95% (93/98)   92% (11/12) 94% (93/99) 65 (11/17) 99% (97/98)   92% (11/12) 99% (97/98) 92% (12/13)
Reader 2 97% (95/98) 100% (12/12) 97% (95/98) 80 (12/15) 99% (97/98) 100% (12/12) 99% (97/98) 92% (12/13)

Data are percentages. Numbers in parentheses are number of patients.

Mean and range of the thickness of 97 normal appendices

Appendix thickness Reader 1 Reader 2 Combined P  value

With luminal contents 3.6 ± 1.1 (3.0-8.0) 4.2 ± 1.0 (2.8-9.0) 3.9 ± 1.0 (3.0-8.5) < 0.05
Without luminal contents   6.8 ± 1.5 (3.5-11.2)   6.4 ± 1.3 (3.5-10.5)   6.6 ± 1.1 (3.5-11.0) > 0.50

Mean thickness is measured in millimeters, (± SD). Numbers in parenthesis are the range.

3.00 mm

10 cm

Figure 1  Fifty two-year-old woman undergoing evaluation for hematuria. 
Non-contrast coronal computed tomography image shows a normal appendix 
measuring 3.0 mm outer -to-outer wall diameter (arrow).

11.23 mm
10 cm

Figure 2  Fifty-year-old male undergoing evaluation for hematuria. Coronal 
computed tomography image showing outer-to-outer wall diameter of 11.3 mm. 
Intra-luminal air and fluid seen in this asymptomatic patient (arrow).
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patients who are nauseous[12,13]. With availability of  more 
recent 64-, 128- and even higher slice MDCT scanners 
the use of  non-enhanced scanning without oral and in-
travenously administered contrast material is increasing. 
With new MDCT scanners, volumetric images of  the ap-
pendix can be obtained using multiplanar reformations. 
Axial images alone have limitations in tracing the course 
of  the appendix as it is a curved and tortuous structure, 
especially if  the appendix is retrocaecal or pelvic in loca-
tion[4]. Therefore, the coronal reformation images greatly 
assist in the tracing and demonstration of  these appen-
dices. Moreover, the coronal reformation images make it 
easy to visualize the entire anatomic configuration of  the 
ileocaecal valve, the caecum and the base of  the appen-
dix, which helps in identification of  the normal appendix 
[14]. In our study addition of  coronal reformations to axial 
images significantly improved the inter-reader agreement 
in identifying normal appendix.

A normal appendix was identified in 73%-82% of  
patients who had undergone thin-section axial CT of  
the abdomen[15-17] , Jan et al[14] using 16-slice MDCT with 
multiplanar reformation images reported increase in the 
visualization of  normal appendix to 93%. In another 
study by Kim et al[18] using 64-slice MDCT with coronal 
reformations reported an even higher identification rate 
of  98.5%. This being the highest rate of  normal appen-
dix visualization reported so far when compared to ear-
lier studies. In our study the visualization of  normal ap-
pendix on 128-slice MDCT is comparable to the 64-slice 
MDCT.

Levine et al[19] reported that factors such as paucity of  
intra-abdominal fat and the dilatation of  small bowel in 
some cases could influence the false-negative diagnosis 
of  appendicitis by CT. Similarly, the identification of  
the normal appendix by axial CT may be dependent on 
the amount of  intra-abdominal fat and the small bowel 
dilatation. In our study scanty intra-abdominal fat did not 
significantly influence the visualization of  normal appen-
dix in any case, however one missed appendix was likely 
due to water distended adjacent small bowel loops in 

acute abdominal emergency and usually diagnosed clini-
cally. In pre cross-sectional imaging era, negative appendi-
cectomy rate at histopathological examination was around 
20%[10]. With wide spread use of  imaging, population-
based rates for negative appendectomy has remained un-
changed over time[11]. Appendicitis now better diagnosed 
preoperatively, and results described in one study report-
ed that the preoperative CT imaging in patients with an 
equivocal clinical appearance of  suspected appendicitis 
leads to a marked reduction in the negative appendec-
tomy rate to 4%[1]. CT evaluation is straight forward with 
either negative or positive answers. Both appendiceal 
enlargement and associated signs of  inflammation are 
frequently present in appendicitis. At times, appendiceal 
enlargement is the only sign of  appendicitis present in 
up to 12% of  cases leading to unclear diagnosis at CT[8]. 
CT evaluation of  appendicitis with oral and intravenous 
administration of  contrast material continues to be com-
monly used. Although oral contrast administration has 
long been known as a useful method for delineating the 
normal appendix and diagnosing appendicitis, it has some 
disadvantage such as the delayed scan time, the lack of  
opacification of  normal appendix, and poor tolerance in 
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9.29 mm

Figure 3  Thirty six-year-old man undergoing evaluation for hematuria. 
Axial computed tomography (CT) image showing outer-to-outer wall diameter 
measures 9.3 mm. A normal, but large diameter appendix with this morphology 
can be easily mistaken for appendicitis at CT.

7.88 mm

10 cm

Figure 4  Forty-six-year-old man evaluated for asymptomatic hematuria. 
Non-contrast coronal image shows air-filled appendix measuring 7.8 mm in 
outer–to-ouetr wall diameter. Regardless of the diametric enlargement this mor-
phologic appearance of appendix should always be interpreted as normal.

10 cm

Figure 5  Thirty-five-year-old woman with history of asymptomatic hema-
turia. Normal appendix was not visualized on non-contrast study due to fluid 
distended adjacent bowel and paucity of intra-abdominal fat. Above shown post 
intravenous contrast computed tomography of the same patient later helped 
identify a fluid-filled appendix of 6.0 mm diameter (arrow).
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the pelvis. Previous literature has described that in up to 
45% of  patients, the normal appendix measures greater 
than 6 mm in outer wall-to wall diameter at CT[15,16]. In 
our study 48% patients had outer diameter greater than 
6 mm. The range of  outer diameter thickness of  normal 
appendix in our study was 3.0-11 mm. The mean outer 
diameter of  the appendix was 5.6 ± 1.3 mm, which in-
cluded both types of  appendices when luminal contents 
were visualized and when they were not separately seen. 
We therefore suggest that the diagnosis of  appendicitis is 
non conclusive at CT, solely based on size criteria. Since 
patients in our study were not primarily sent for exclusion 
of  appendicitis, this can not be specified in how many 
percent of  patients with diagnosed acute appendicitis, 
the appendiceal diameter overlaps with the normal values 
noted in our study.

There were several limitations in our study. Firstly 
there was no reference standard to be used as a proof  
for a normal appendix. Secondly pathological correla-
tion was unavailable as it is impossible to plan a study of  
normal appendix with pathological validation. However, 
since none of  the subjects in our study population had 
abdominal symptoms or history of  abdominal surgery it 
is fair to assume that all included in our study had normal 
appendices. Another limitation was that the rate of  visu-
alisation of  appendix was not studied after administra-
tion of  intravenous or enteric contrast agent. We did not 
consider this necessary since our outcomes were in agree-
ment with those reported by Jacobs et al[20] and confirmed 
that intravenous contrast injection does not increase the 
rate of  identification of  a normal appendix. Likewise pre-
vious studies[16,21-24] showed high diagnostic performance 
in cases done without oral or enteric contrast. Third limi-
tation was that patient characteristics such as influence 
of  quantity of  intraabdominal fat on the identification of  
normal appendix were not studied. Finally agreement be-
tween the readers was not expressed in terms of  correct-
ness and thus not used to quantify the readers’ diagnostic 
performance.

In conclusion, 128-slice MDCT with its multiplanar 
reformation display is extremely useful for visualization 
of  normal appendix. The normal appendix is very vari-
able in its position and diameter. In the absence of  other 
signs, the diagnosis of  acute appendix should not be 
made solely on outer appendiceal diameter. The impor-
tance of  correlation with clinical and laboratory informa-
tion also needs to be emphasized.
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