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ABBREVIATED TITLE PAGE

(a) Title

MRI evaluation of the normal appendix in children

(b) Original Research

(c) Advances in Knowledge:
1. Normal appendices may be detected using MRl in almost 50% of
the cases.
2. The axial T2 FSE sequence was the most useful in the detection

of the normal appendix using MRI.

{d) Implications for Patient Care:

1. MRI may be used as a complementary exam when US is inconclusive or

when it is important to avoid exposure to CT radiation or use of contrast

material in children with signs and symptoms of appendicitis.
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ABSTRACT

PURPOSE: The purpose of this study was fo evaluate asymptomatic children
and adolescents to determine the rate of detection of the normal appendix on
unenhanced MRI.

MATERIALS AND METHODS: This study was approved by the Medical Ethics
Committee of the authors' institutions, and informed consent was obtained from
participants’ parents or guardians. Forty asymptomatic volunteers underwent
MRI to detect the appendix. Mean (£SD) age for the 18 boys was 12.8 (£2.4)
years (range: 9 to 17) and for the 22 girls 12.7(+ 2.7) years (range: 8 to 17).
The MRI protocol consisted of axial T1 FSE, axial and coronal T2 FSE and
axial T2 FSE FAT SAT. Two observers interpreted results independently, and
kappa coefficients were calculated to evaluate agreement. Body mass index
(BEMI) was recorded for all participants.

RESULTS: The normal appendix was detected by one observer in 19 cases
(47.5%), and by the other in 20 cases (50%). The rate of detection indicates the
percentage of times that the appendix was visualized on at least one sequence.
The rate of appendix detection after observers reached a consensus was 47 5%
(95% Cl 31.5-63.9). Interobserver agreement in appendix detection was good in
most sequences analyzed. The greatest rate of normal appendix detection was
found for the axial T2 FSE FAT SAT (47 5%).

CONCLUSION: The rate of normal appendix detection on unenhanced MRI was
47 5% of the normal appendices, similar to CT but lower than US detection

rates.
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INTRODUCTION

Ultrasonography (US) is the standard imaging technique to investigate acute
appendicitis in some healthcare institutions, and several studies show its high
diagnostic accuracy (1,2,3). The visualization of a normal appendix on US rules
out appendicitis; conversely, the identfification of an inflamed appendix confirms
this diagnosis. In some studies, the rate of US detection of the normal appendix
ranged from 40 to 82% (4), and of the abnomal appendix, from 85 to 98%.
(5,6,7).. The reproducibility of ultrasonography is low even in studies conducted
in reference centers (4).

Other authors, advocate the use of computed tomography (CT) to
investigate appendicitis in children, and also report high diagnostic accuracy.
The rate of detection of the abnormal appendix using CT is 94-98%, and of the
normal appendix, 50% (1). The reproducibility of CT results seems to be better
than that of US results in the diagnosis of this disease (1,2). However, CT
exposes patients to ionizing radiation and requires the use of intravenous or
rectal contrast (8,9,10).

Two recent studies were conducted to determine the value of MRI in the
evaluation of the appendix in children (11,12). In the first, 45 children with
clinical findings suggestive of appendicitis were evaluated, and the inflamed
appendix was detected in 100% of the cases (11). The other study evaluated

the normal appendix in 15 asymptomatic children, and the rate of detection was
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86% (12 children) on the T2 FSE sequence (12). However, neither study
conducted statistical analyses to determine MRI specificity in the detection of
normal appendices because of the small number of participants. If MRI is
shown to be useful in the evaluation of the appendix, it may become a second
option for the examination of patients with inconclusive US or CT results or who
have undergone several previous CT examinations and for whom, therefore,
exposure to additional radiation should be avoided.

If the rate of MRI detection of the normal appendix is found to be similar
to CT and US rates, it is possible to hypothesize that the rate of detection of the
abnormal appendix on MREI may also be similar to rates obtained with CT and
US methods. Therefore, the purpose of this study was to examine
asymptomatic children and adolescents to determine the rate of detection of the

normal appendix on unenhanced MRL

MATERIALS AND METHODS

Patients

This prospective study was approved by the Medical Ethics Committee of
the institutions where it was conducted, and informed consent was obtained
from the participants’ parents or guardians after the nature of the procedures
were fully explained. From May 2006 to May 2007, 40 asymptomatic volunteers
underwent pelvic MRI to detect the normal appendix. The examinations were
conducted in a general university hospital. Mean patient age was 12 years
(range: 8-18 years). Mean (xSD) age for the 18 boys was 12.8 (£2 4) years

(range: 9 to 17) and for the 22 girls, 12.7 (+ 2.7) years (range: 8 to 17).

ScholarOne, 375 Greenbrier Drive, Charlottesville, VA, 22901

Page 4 of 27




Page 5 of 27

Radiology

Volunteers were relatives of the hospital employees’ who accepted to
participate in the study.

Examination Technique
MRI examinations were conducted with a 1.5 T scanner (Sigma Horizon LX, GE
Medical Systems, Milwaukee, WI) and a surface phased-array coil. First, with
the patient lying in supine position, the coronal T2 sequence was performed to
identify the position of the cecum. Axial sections were defined according to the
position of the cecum in each patient. The cranial section was at least 10 cm
above the cecum and extended to the most caudal point of the pubic
symphysis. Four sequences were performed with the imaging parameters
reported in Table 1. The sequences were acquired at 4-mm slice thickness
without interslice gaps. The field of view varied according to the height of the
subject and raged from 275 to 380 mm. The matrix was 224x192. Each
examination lasted 7 min for the 4 sequences. Total examination time was 20
minutes and included intervals between sequences, stops during acquisition,
patient’s entry into the room, positioning and exit. All examinations were
performed without IV contrast material.

Mo children needed sedation for the MRI examinations. Before
volunteers entered the MRI room, they received detailed explanations about
how the examination was going to be conducted and how the breath stops
should be performed. Explanations were given according to the child's capacity
of understanding. The purpose of these explanations was to instruct patients
about how to cooperate during the examination and also to make them feel
relaxed and calm. Only one child refused to participate because of fear; this

child was excluded from the study.
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The examinations were interpreted by two radiologists independently.
The senior radiologist had six years experience in MRI, and the other
radiologist, seven years.

Data Analysis:

The criterion to define the normal appendix was the visualization of a blind-end
tubular structure that extended from the cecum and had a transverse diameter
of up to 6 mm. This criterion is the same used for the detection of the normal
appendix using CT and US (2.4).

The detection of the appendix was positive when it was visualized in at least
one sequence. Results were checked to confirm whether the structure detected
and classified as the appendix by abserver 1 was the same as the one found by
observer 2 in all sequences. The observer first located the cecum on the axial
sections, and then searched for a tubular blind-ending structure extending from
the cecum, below the terminal ileum, on the sequential sections. The observer
made a note on the patient's chart about on which image the appendix was
visualized. Observer number 2 followed the same procedure independently.
When the database was set up, the appendix was classified as visualized only
when the structure identified by observer 1 as the appendix was the same as
the one identified by observer 2. Discrepancies in interprefation were solved by

consensus

The transverse diameter of the appendix was measured with electronic
calipers placed at the external surfaces of the serosa layer on the appendiceal
wall. The cases in which the image was not clear, when the connection of the

appendix to the cecum could not be visualized, or, when it was not possible to
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determine whether it was a blind-ending structure, the result was recorded as
no detection.

The signals of the internal appendiceal content and appendiceal walls
were classified as isointense, hypointense or hyperintense in comparison with
adjacent muscle. The amount of fat surrounding the appendix was also
evaluated. The observers graded the amount of fat surrounding the appendix
according to one of three categories: (a) fat surrounding all the appendix; (b) fat
surrounding part of the appendix; and (c) no fat surrounding the appendix.

The position of the appendix was also assessed. Appendices were
classified as retrocecal, abdominal, mid-pelvic or deep pelvic according to their
position. Abdominal appendices were those located in the abdominal cavity
above a horizontal line defined by the iliac crests. Mid-pelvic appendices were
those located above the iliac vessels (external iliac artery and vein in the
pelvis). Appendices were classified as deep pelvic when they extended beyond
iliac vessels towards the pelvis minor, or when the cecum was located in a
lower position in relation to these vessels (3,4). The cecum was evaluated
according to its position and classified as above or below the iliac crest.

The presence of motion artifacts due to breathing was also recorded and
evaluated.

The rate of detection of the normal appendix was correlated with BMI and

age (Table 2).

Statistical Analysis:

Quantitative variables were described as means and standard deviations.

Categorical data were described as frequencies and percentages. Before
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preparation of the file with data about the detection of the appendix, the
divergent observations made by examiners were decided by consensus. Kappa
statistics was used to evaluate interobserver agreement, and the kappa
coefficients were calculated for all the sequences and variables of the study.
The chi-square test was used to evaluate the associations between categorical
variables. The Student ¢ test was used to compare means The SPSS 12.0
software was used for data analyses, and statistical significance was set at p
equal to or lower than 0.05
RESULTS

Of the 40 asymptomatic volunteers, 19 had their appendix detected using
MRI by observer 1 (47.5%; 19/40), and 20 by observer 2 (50%; 20/40).
Interobserver agreement in appendix detection, indicated by kappa coefficients,
was substantial in most sequences analyzed, and the axial T2 sequence had
the greatest kappa value (k=0.75). Table 3 shows the results of agreement
between the 2 observers in the different sequences. The rate of appendix
detection after observer consensus was 47.5% (19/40) (95% C1 31.5-63.9). The
greatest rate of detection of the normal appendix was found for the axial T2
FSE sequence (47 .5%; 19/40) (Table 2). The rates of detection for the other

sequences were: axial T1W = 15%; axial T2W fat sat = 10%; and coronal T2W

= 10%. (Fig 1)

Mean transverse diameter of the detected appendices was 5 mm (range:

3 to 7 mm) (Fig 2). The signal of the internal appendiceal content was

hyperintense in the T2-weighted sequences. On the T1 sequence, internal
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contents were hypointense. The signal of appendiceal walls was isointense on

T1 and T2 images (Fig 3).

Table 2 shows the number of times that the appendix was detected in each of
the 4 groups of children defined according to BMI and age. The rate of detection
of normal appendices in patients with BMI below 20 was 73% (14/19). Mean
BMI of children whose appendices were detected was 18.9 kg/m? (SD = 3.05),
and it was slightly greater (19.6 kg/m?; SD = 2.97) in the group of children
whose appendix was not detected, but the difference was not statistically
significant.

Table 4 shows data about fat surrounding the appendix and the position
of those appendices that were detected on MRI. Table 5 shows data about

breathing motion artifacts and the position of the cecum (Fig 4).

DISCUSSION

The rate of normal appendix detection on unenhanced MRI in our study
(47.5%) was lower than that found by Hormann et al. (12). Although it is difficult
to explain this discrepancy, two differences were found between the two
studies: the number of individuals in the study sample, and the criteria used to
define a positive identification of the normal appendix. In our study, the
appendix was classified as detected only when the observer was absolutely
convinced that that structure corresponded to the appendix (high degree of

confidence). Hormann et al., however, classified detection according to a high,
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moderate or low degree of confidence, and this criterion may have affected the
rate of appendix detection (12). The slices and the sequences used, however,
were similar in both studies.

Three axial sequences were used in our study: T1 FSE, T2 FSE, and T2
FSE FAT SAT. The axial T2 FSE sequence was the most useful in the detection
of the normal appendix, in agreement with results reported previously (12). The
rate of detection on the T1 FSE sequence was low in our study (15%); Hormann
etal. (12) and Nikolaidis et al. (13) found high rates (73% and 78%), but we do
not have an explanation for such difference in results. Some studies also
reported that the unenhanced T1 FSE sequence did not seem to be useful in
the evaluation of the normal appendix (8,9,11), but two other investigations with
adult patients found a high rate of detection of the normal appendix on this
sequence (13,14). The T2W FAT SAT and STIR sequences were found not to
be useful in the detection of normal appendices in previous studies (11,12,15),
results that are similar to ours. Another study, which evaluated adult patients
with clinical findings suggestive of appendicitis, used single-shot and gradient-
echo sequences in addition fo those that we used, but did not find a better
performance in the detection of the appendix (13).

Cur analysis of signal intensity revealed that the signal of internal
contents of the appendix was hyperintense on T2 and hypointense on T1
sequences, in agreement with findings reported by Hormann et al. (12). The
appendiceal wall signal was isointense on T2 FSE in our study, which is in
disagreement with findings reported by those authors, who found a hypointense
signal. This difference may be associated with the fact that our study compared

the signals of internal contents and appendiceal walls with the signal of adjacent

ScholarOne, 375 Greenbrier Drive, Charlottesville, VA, 22901


























































G
**&O " ) ", & & (
"19%, ‘% ‘& 4@% " %% %'#' 0 " =73K]1

F&) """ Y, & '&4@% "

%#' C=73KID 0 % P ' *&*&) " "',0 "

& ! '&4@% " CK6D & Q# *&*&() "

'& 4@%" C'@ >K|D1

% Q\?, " %9! "'0,()" *"

0 %Q\?, S!5 1

0 & &% "#% , # UE&HH
Q# % %' "#" ,,3-S" .1 '& 13 '&

f,$091 # % %%#& @" O " K 1 # ,

1 9[[

%

%%

*t) n

.0

& '#-#! &3

O# "




" % %3
%
%

&

%

&"% *&

*

%

%o#

" %

*&

"#% P

*& %

%1
?,

% % % Q\

' 0







%

H'l
*rUs# @ o ("o, @ HN %, #
g L $# O0A, 1 T4 "% * Q% @ 4&0,8&
41" " %% A, $@,CD "',0)" *? "g !
& (% %% '8,%1 @# S F#3% , ' "8
x '3 Q#! $ @ -" '&4@%", * $@',1
47 ,,8" & Q# %H#CY%#D OIPCD *& ,* "% * %Q#% !CD
&1U&S# S " "*141
"% %""%" *%Q#% %) , 0", %3 - " " OhQ# % 3 * &
*& " & ("1%, '3*" % &0 ' Q#IQ#& '3% Q# PT
Q#HIQ#& 0& " *&THUL % *%Q#%"& % $ & ' "& T *&S$H' %
# %1&, '% %*,.0,% %-& S &!U"3 # %-& %
& Yot " % - " %l
% 0& (X% -'"% % %# %) #' *& ' %*& Q# % * %%
L P& 410" 2", & | OHH&
& & #H&% *%QHW% 4! " & (% , Y%H%* ' " ko3
*&' ' & *()" %HOIPCD@ #' 4! % 1
#3hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh hhhhhhhhhh3 0#
0& "CD"% -T'4%"% *%Q#% " 0& ,!& "ptL -
0& X% %-& S Q# %& 0' % *%%.4 % "%, 0& %
%%, "%l "% % P%"94"% 0& %,(!&,"%3 % Q B &
%!,'& 4% 0& X% OQ#IQ#& '1 '@ "%% % Q# %
0& (X% -""% "#& ' %#" %) , 0", % *& 4" %3 Q#
*"g &'&& #OIPCD" %H#' Q#IQ#& "1
J& Q# &,- F* "*&% ', %' '30, " & F* %- %

,#IIII%" *%Q#%"&&%* %84'1

" & %* %84 | * & (/
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

9%9%/hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh * /hhh hhh hhh 1
Q#H%" &/

s 1
%%/ hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh * /hbhh hhh hh - h

10 CK:D>=6;HK:6




%

H (I

"0,/

"

%/

'#& /

LTS &MHE L, &F &

1 G

1:5,& B

CD

C-D

%* %%#&

%*&# ) &%N*&#
$

15 Sy
cCb"'0,"

cb) "'o,"

%* %%H#H&

%N*&# ) &%*&#
$

AH 5 SV

CD

C-D

%* %%#H&

%N*&# ) &N &H#
$

1= 5, %'#&() " $&H#& SV
CD

C-D
%* %%o#H&

% &# ) &%+ &#
$

K $&" " S TH/
CD




%

C-D

%* %%#H&

N*&# ) &N &H#
$

5 /
5. " ,'9" '& |/
%% !C,D
O*% !C"D
O0*& ! CD

%% ! CO D
O*% ! C$D
O*&% ICPD

CD)@*%%4!"0& , & ,'9" & " F&"

515 !",'9" '& 5/
%% ! CD
O*% ! C'D
O*&% ! CD

%% ! CO D
O*% ! C$D
O*& !CPD

CD)@*%%4!"0& , & ,'9" '& " *&"

501H !",'9" '"& 5, %'#&() " $&H& ]

%% ! CD
O*% ! C'D
O*&% ! CD

%% ! CO D
O*% ! C$D
O*&% !CPD

CD)@*%%4!"0& , & ,'9" '& " *&"




%

51= 1",'9" '& :$&" '/
%% ! CD
0*% ! C'D
0*&% ! CD
&"/
%% ! CO D
0*% ! C$D
0*&% !CPD
CD)@*%%4!"0& ,& ,'9" '& "*&"
H /
CTD" "0, % $&H& ,&H#" """ *2",
CID"'0, % $&"H& ,&#" " *& " *?",
CID) % "'0, $&#& 4" *?",
= M/
CD&&,,!
cCD-" !
CD*@4, @
C'D*@'4, - S
K G zzcCl z D/

hhhhhhhhhhh 1

cCQD
C&D - S




%

H)ItJ

0,01

TS E&HE L& &N

1. 5

, % '#& ()

CD

C-D

%* %%#&

%*&# ) &%N*&#
$

A5 1 Z

CD

C-D

%* %%H&

%W*&#E ) & &#
$

AH 5 Z

CD

C-D

%* %%#H&

N*&# ) &%N*&H#
$

5 /
51: 1", '9" &

%% ! CD

O*% ! C'D

o* &% ' CD
O*&» !CPD

CD)@*%%4!"0&, & ,'9"

|& "%
515 !",'9" '& 5//
%% ! CD
O*% ! C'D
O0*&% ' CD

% / I'H& /
1= 5
CD
C-D
%* %%H&

%N &# ) &N*&H#
$

1K :Z H $&" !

CD
C-D
%* %%#H&

% &# ) & %*&#
$

&"/
%% ! COD
O * % !C$D
&ll
&"/
%% ! COD
O*% !C$D

O0*& !CPD




%

CD)@*%%4!"0& , & ,'9" '& " *&"
51H !",'9" '& 5, %#&() " $&H& ] ]
&"/
%% ! CD %% ! COD
0*% ! C'D O*% !C$D
0*&% ! CD 0*&% !CPD
CD)@*%%4!"0& , & ,'9" '& " * &"
51= 1" ,'9" '& :$&" '/
/
&"/
%% ! CD %% ! COD
0*% ! C'D 0*% !C$D
0*&% ! CD 0*&% !CPD
CD)@*%%4!"0& , & ,'9" '& "* &"
H
CTD C[D C!D
= G
CD C D C D
C*D

K hhhhhhhhhhhhhhhhh

< / CQD c&bD
C%D




