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CURRENT TOPICS IN IMAGING OF JUVENILE RHEUMATOID ARTHRITIS

Preeyacha PACHARN, M.D.!, Kullanuch CHANCHAIRUJIRA, M.D.!
Thomas J.BRYCE, M.D.2, Thaschawee ARKACHAISRI, M.D.}

INTRODUCTION

Juvenile rheumatoid arthritis (JRA) is diagnosed when arthritis 1s identified in a child
aged 16 or younger, lasting 6 weeks or more, in whom other causes of childhood arthritis are
excluded The disease is more commonly found in Caucasian children than African or Asian
children. JRA typically demonstrates more rapid progression of disease compared with adult
rheumatoid arthritis and can significantly impair bony development in the growing child.

According to the American College of Rheumatology, JRA can be classified into three
categories based on number and joints involved, symptoms and the presence of specific anti-
bodies.

(1) The pauciarticular form is the most common form of JRA, involving 4 or less joints.

(2) The poly articular form, in which 5 or more joints are involved.

(3) The systemic form of JRA, or ““Still’s disease.” In this subtype, other organs are some-
times involved. The patients usually develop high fever with rash.

The symptoms of JRA include swollen, stiff, erythematous and painful joints. High
fever with rash, lymphadenopathy and fatigue can be seen in systemic JRA. Early diagnosis is
crucial. However, there is no single ‘gold standard’ diagnostic test for JRA. Diagnosis is based
ona variety of data including clinical signs and symptoms. There are a large variety of synovial
and non-synovial conditions which may mimic JRA™ Therefore, a careful history and physical
examination combined with imaging studies should help to distinguish these conditions from
JRA, especially in cases with an unusual clinical presentation. During treatment, imaging plays
akey role in the evaluation of disease progression and in monitoring the effect of therapy.

Plain radiography

Plain radiographs have traditionally beenthe ~ formation or accelerated maturation of the epiphysis.z'4
primary imaging modality used to aid the diagnosis.  (fig.1) Soft tissue swelling is usually seen after the first
They are the most cost-effective exammatlon inthe  week, resulting from periarticular edema, synovial
exclusion of the alternated dlagnoses Early inthe  proliferation and accumulation of joint fluid. However,
disease course, plain radiographs sometime show soft  these findings are nonspecific and may be seenina
tissue swelling, joint effusions, periosteal new bone  variety of inflammatory arthritides.

' Departments of Radiology Siriraj Hospital, Mahidol University
° Department of Radiology, University of California San Francisco
* Pediatrics Siriraj Hospital, Mahidol University
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Some findings appear late in the course of
disease when substantial bone and joint damage has
occurred. Periarticular osteopenia can be seen on plain
radiographs when tlgere is at least 30% -50% loss of
bone mineralization. Joint space narrowing is indirect
evidence of articular cartilage damage and bone
erosions are seen after significant cartilage loss has

Fig.1B
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occured. These late changes are usually irreversible.
(fig.2)

The lack of speciticity of radiographs has
resulted in an increase in the use of ultrasound and
MRI, which are more sensitive in detecting intra
-articular abnormalities.

Fig.1B

Fig.1 4-year-old girl with history of JRA. Plain
radiographs were obtained at the early diag-
nosis. Plain radiograph of the both knees, AP
(A) and lateral (B) view demonstrated marked
soft tissue swelling and mild enlargement of
epiphysis.
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Fig.1 4-year-old girl with history of JRA. Plain radiographs were obtained
at the early diagnosis. (C), Plain radiograph of both hands showed
soft tissue swelling with no definite bony destruction.

Fig.2 8-year-old girl with JRA Plain radiograph showed diffuse narrowing
of carpometacarpal, intercarpals and radiocarpal joint spaces of both
hands. There are some erosions of carpal bones.
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Ultrasonography

Ultrasound is more sensitive than plain radio-
graphs in detecting cartilaginous erosions, synovial
lhickc}ening and effusions, but is less sensitive than
MRI. A high frequency linear probe (12-15MHz) is
usually used. A simple joint effusion is almost always
anechoic.(fig.3) An inflamed synovium lining the
articular cartilage can be seen as an area of mixed
echogenicity.(fig.4A) The Synovial thickness and the
amount of joint effusion have been used to monitor

JAN. - APR. 2005. Volume X1 Number |

disease progl‘ess.T The vascularity of the synovium
can be assessed with Doppler examination. Hypere-
mia of the pannus is suggestive of the active phase of
the disease. Involvement of the articular cartilage can
be visualized as thickening in early stages (fig.4B) as
well as thinning in later stages. Blurring of the articular
cartilage is also noted. Popliteal cysts may be seen in
upto 40% of the patients.

B RT INFRAPATELLA BURSA

Fig.3B

5-year-old boy with JRA Ultrasound of the right
knee at the level of suprapatella bursa (A) and infra-
patella bursa (B) demonstrated fluid echogenicity of
simple joint effusion.
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Fig.4B

Fig.4 5-year-old boy with JRA and swelling of both knees (A),Ultrasound
of the right knee at the right suprapatella bursa showed distend right
suprapatella bursa with mixed echogenic material and thickening of
synovial lining.(arrows) (B), Involvement of the articular cartilage in
the early stage showed thickening of the cartilage. Hyperechoic
strands (arrows) are related to hyperemic vessels.

The advantages of ultrasound are relatively
short examination time, noninvasiveness, ease of side
to side comparison. However, the technique is
operator dependent and requires patient cooperation.
It may be difficult to perform in small children. Ultra-
sound can also be used to aid the aspiration or thera-
peutic injection of affected joints.

th

Magnetic resonance imaging (MRI)

MRI is the most sensitive radiologic indicator
of disease activity. Because of'its excellent soft tissue
contrast, synovial hypertrophy, articular capsilage and
joint effusions can be clearly demonstrated. ™ Periphe-
ral soft tissue can be visualized.
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Many pulse sequences are available and dif-
ferent sequences are appropriate for different struc-
tures. The selection of examination protocols should
be based on the pertinent clinical questions. A small
field of view should be used with thin slice thickness.

Bony erosions can be seen using regular T1W
and T2W sequences. Hypertrophic synovium is best
demonstrated on post Gd-DTPA T1W images with
fat suppression. Fibrous, nonvascular synovium s seen
as low signal intensity (SI) on both TIW and T2W
sequences with no Gd-DTPA enhancement, while
inflamed hypervascular synovium shows low Sl on

Fig.5A

Fig.5 S5-year-old boy with JRA
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T1W sequences and high S on T2W sequences or
T1W sequences with Gd-DTPA enhancement. In
inflamed joints, marked enhancement of the th ickcnt-;'(‘J)
nodular or villous synovium is usually identified.
(fig.5,6) A maximal synovial thickness of 3 mm or
more yielded 100% speci ﬁci[ll?f and 77% sensitivity
for the diagnosis of synovitis.

Even though synovial enhancement is a non
-specific finding, the clinical history and physical
examination will be helpful in the exclusion of infec-
tion or other joint diseases.

Fig.5B

(A), Sagittal T1weighted image of the right knee showed distension of prepatella bursa with interme-
diate signal intensity mass like structure, cannot differentiated between thickening synoviumand joint
fluid. Sagittal T1 weighted after Gd-DTPA enhancement (B) markedly enhancement of thicken synovial

tissue is demonstrated. (arrows)
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Fig.5C

Fig.5E

Fig.5 5-year-old boy with JRA
(C), Coronal T 1weight with fat suppression
technique and Gd-DTPA enhancement showed
vivid enhancement of inflammed synovium in
the active phase of disease.(arrows) Sagittal
(D) and axial (E) T2weighted images showed
synovial membrane with relatively high signal
Fig.5D intensity with some joint fluid. Multiple hypo-
signal intensity structures, resembling grains
of rice inside the joint space is the slough off
synovial villi, so called “rice body.”(arrows)
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Fig.6C

JAN. - APR. 2005. Volume X1 Number |

Fig.6B

8-year-old boy with diagnosis of JRA
Coronal T1weighted image (A) of the knee
showed thickening of synovial membrane
which demonstrated intermediate signal
intensity.(arrows) On the sagittal T2W (B),
the thickening synovial showed increase signal
intensity.(arrows) Marked enhancement of the
synovial is seen afier Gd-DTPA njection.(C)
(arrows)
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Joint effusions show fluid signal intensity, low
on T1W and high on T2W sequences(fig.7), which is
easily differentiated from inflammed synovium on post
Gd-DTPA T1W images.

Articular cartilage is also important because
itis one of the earliest structures to demonstrate disease
involvement and damage. Cartilage is best demon-
strated on FSE T2W or FSE proton density

JAN. - APR. 2005, Volume XI Number |

sequences with fat suppression. Cartilage demon-
strates high signal intensity on these two sequences.
Areas of altered signal intensity, thinning and erosions
should be looked for.

A major limitation of MR1 1s relatively long
examination time. The mujm'illy of childrenupto 4-5
years of age require sedation. MRI is also the most
costly of the primary imaging modalities for JRA.

Fig.7B

Fig.7 6-year-old girl with chronic hip pain and diagnosis of JRA
Axial (A) and coronal (B) T2weighted images of both hips shows
high signal intensity, indicating right hip joint effusion. (arrows)
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Complications

Chronic inflammation in JRA results in growth
disturbance which can manifest after a few months.
(fig.8) Growth disturbance results from hyperemia of
the affected joints. Accelerated maturation of the
epiphyseal ossification centers, round bones, and
sessamoids, and a bulbous appearance of the proximal
phalanges can be seen. If the disease occurs}before
physeal fusion, limb shortening is more likely.

Early treatment will limit growth disturbance.
Therefore, there has been an increase in the use of
ultrasound and MRI, which are more accurate in the
detection of active disease compared with traditional
plain radiographs.

Bony demineralization is another common
feature of JRA. Loss of bone density may be from
hypervascular inflammation, immobilization, or steroid
therapy. Plain radiographs can demonstrate deminera-
lization when bone loss is marked, but dual X-ray
absorptiometry 1s more sensitive for lesser degrees of
demineralization and is more accurate in monitoring
bone mineralization changes.

Erosive changes of cartilage and bone usually
appear late in the disease because of the relatively
thick cartilage around the epiphyses in children. MRI
can detect early cartilage involvement while plain
radiographs are only an indirect method.(fig.9)

Cervical spine involvement occurs commonly
in polyarticular JRA. Findings include bony fusion,
remodelling of cervical vertebrae, paraspinous calci-
fication, and widening of the predental space.(fig.10)
Plain film can detect the bony changes, but MRI can
be used to evaluate soft tissues as well as the spinal
cord and paraspinous ligaments.

10
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Fig.8A

Fig.8B

Fig.8 8-year-old girl with delayed diagnosis of JRA
(A), The patient has flexion deformity of both
elbows and both knee joints.

(B), Close up image shows marked sof ttissue
swelling of both hands with fusiform shape of
the digits.
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.wadd 4

Fig.9 15-year-old with chronic JRA
Plain radiograph of both hips demonstrated
narrowing of both hips joint spaces which
reflected the destruction of articular cartilages.

Fig.8C

Fig.8 8-year-old girl with delayed diagnosis of JRA
(C), Fusion of her left elbow joint is demon-
strated.

Fig.10 Fusion of cervical spine in a chronic JRA
patient.

11
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CONCLUSIONS

JRA is aserious condition which can resultin
growth disturbance and disability in children. Several
1maging modalities are employed for diagnosis and
follow up.

Plain film s still quite useful and cost-effec-
tive. It may be an appropriate first radiological exam,
particularly to exclude alternate diagnoses. However,
in children with an atypical presentation, ultrasound
or MRI should be considered given that more infor-
mation about intraarticular structures and processes
are provided by these exams, potentially allowing
greater specificity in the diagnosis of JRA. For follow
up of disease progression, ultrasound and MRI are
more sensitive than plain radiographs. Disease activity
can be evaluated more accurately and complications
can be detected earlier, potentially resulting in more
effective treatment and improved outcomes.
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PLEUROPULMONARY BLASTOMA A RARE PRIMARY
PULMONARY TUMOR OF CHILDHOOD

Preeyacha PACHARN, M.D.' Chantima RONGVIRIYAPANICH, M.D.!
Thomas J. BRYCE, M.D.2Suwannee SURATTANASOPHON , M.D.’

INTRODUCTION

Pulmonary neoplasms of all types are rare in children and pulmonary metastases are
more common than primary tumors. Pleuropulmonary blastoma (PPB) is the least common
malignant primary neOplasml.’One quarter of cases occur in children and are often associated
with congenital lung disease. ~

PPB is a unique neoplasm of the lung and the pleura, containing both mesenchymal
and/or epithelial elements that mimic the embryonal tissues of the developing lungs. Pediatric
PPB differs from adult pulmonary blastoma in clinical presentation, gross and microscopic
anatomical features, and outcomes. Patients usually have a poor prognosis and rarely survive
more than 10 years.

The clinical presentation is usually nonspecific. Symptoms and signs include respira-
tory difficulty, fever, chest pain and cough. Plain radiographs may demonstrate multicystic
transformation of a lobe, pneumothorax, opacification of a hemithorax, pleural effusions, a
pleural or diaphragmatic mass and shift of the mediastinum. Sometimes chest radiographs may

JAN. - APR. 2005. Volume XI Number |

simulate pleural effusion or empyema and fail to demonstrate a mass.

Two cases of pleuropulmonary blastoma are presented in this report.

CASE 1

A 3-year-old girl was referred from an
outside hospital to our institution. She presented with
high fever, chronic cough and anemia.

Chest radiograph at the outside hospital
revealed a left pleural effusion. Thoracentesis yielded
800 cc of unclotted blood. A blood transfusion was
performed, and the patient was transferred to our
hospital.

On physical examination, the patient was

tachypneic. There were decreased breath sounds on
the left and decreased vocal resonance noted at the
anterior left chest. Hepatomegaly was noted. Routine
laboratory values were within normal limits.

A chestradiograph demonstrated near total
opacification of the left hemithorax. (Figure 1)

CT scan showed a large cystic mass in the
left hemithorax, measuring 9 x 6.5 cm in the axial plane.
There were hyperdense areas within the mass which
were thought to represent hemorrhage. Rim enhance-

' Department of Radiology Siriraj Hospital, Mahidol University 2 Prannok Road Bangkok Noi Bangkok Thailand 10700
? Department of Health Sociology Graduate School of Medicine of the University of Tokyo Bunkyoku Hongo 7-3-1 Tokyo, Japan 113-0033
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ment was present. The mass compressed adjacent
lung parenchyma and caused a slight shift of the me-
diastinum to the right (Figures 2a-d).

Fig.1 Chestradiograph ofa 3-year-old girl (case 1)
who presented with symptoms of respiratory
tract infection. Near complete opacification of
the left hemithorax is seen. A large left pleural
effusion is suggested.

Fig.2A

Fig.2A-D Contrast-enhanced CT of the chest in
case 1. There is a large cystic mass in the
left hemithorax. There is compression of
adjacent lung parenchyma and shift ofthe
mediastinum.

14
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CASE2

A 4-year-old boy was referred to our institu-
tion from an outside hospital. He had presented with
fever and dyspnea for 1 week.

A chest radiograph at the outside hospital
showed a left lung mass. He underwent left thoraco-
tomy with excision of the lung mass. Histologic findings
were consistent with an embryonal rhabdomyo
sarcoma with cartilageneous differentiation. He
received postoperative chemotherapy. One week
after chemotherapy, he developed a massive pleural
effusion and was referred to our institution for further
management.

Physical examination revealed a tachypneic
patient. Breath sounds were decreased on the left.
The abdomen was distended with no palpable mass.

JAN. - APR. 2005. Volume X1 Number |

Routine laboratory values were within normal limits.

Chest radiograph showed opacification of the
left hemithorax. There was marked mediastinal shift
to the right. An underlying mass was felt to be likely.

(Figure 3)

CT showed a large cystic mass with internal
septations occupying the entire left hemithorax. The
mass measured approximately 14 x 13 cm in the
greatest axial dimensions. Herniation of the mass
across the midline with shifting of the heart and
mediastinal structures to the right was noted. (Figure
4a-c)

After contrast injection, peripheral and septal
enhancement were demonstrated. (Figure 5a-c)

Fig.3 Chestradiograph of a 4-year-old boy (case 2). Opacification of the
left hemithorax is seen with shift of the mediastinum to the right.

15
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Fig.4C

Fig.4a-c Noncontrasted CT of the chest in case 2.
There is a large cystic mass in the left
hemithorax with multiple septations. There
is herniation of the mass across the
midline and mediastinal shift.

16
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Fig.5C

Fig.5 a-c Contrast-enhanced CT in case 2 shows
a mass with peripheral and septal

enhancement
DISCUSSION

Plain radiographs in both of these cases
showed near total opacification of the involved
hemithorax. Such hemithoracic opacification with con-
tralateral mediastinal shift could result from many
causes such as a large pleural effusion or other space
occupying mass. Consolidation alone usually does not
cause marked mediastinal shift. In children presenting
with respiratory symptoms and opacification of a
hemithorax, a parapneumonic effusion should be

17

considered. Pneumonia is the most common cause of
pleural effusions in childhood. Other causes include
congestive heart failure and renal failure. Malignancy
is relatively rare in this age group.

If the etiology of a large pleural effusion
appears fairly certain from history, physical examina-
tion and supporting laboratory data, thoracocentesis
is usually avoided. Most patients recover without
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having thoracotomy c:lrainage.4 However in complica-
ted cases, pleural fluid analysis will help to identify the
cause, and with large pleural effusion, thoracocentesis
may be needed to relieve pressure in the affected
hemithorax.

If patients fail to response to initial treatment,
further investigation should be done. Ultrasound or
computed tomography of the chest will help to
determine whether the fluid is simple or complex,
free-flowing or loculated, and identifying associated
pathology such as an underlying mass lesion.

In our two cases, there were large cystic
masses in the left hemithorax. No internal calcification
was identified. In the first case, there was some internal
hyperdensity which was thought likely to represent
focal hemorrhage or a solid component. In the second
case, internal septations were noted. Peripheral
enhancement was demonstrated in both cases.
According to these findings, an empyema could not
be excluded. Due to the complexity of the visualized
mass and the previous history of a histologically
diagnosed tumor in case 2, a biopsy was performed.
Biopsy results for both cases were consistent with
pleuropulmonary blastoma (PPB).

S?_geral cases of PPB have been previously
reported. Many of these cases involved cystic
masses without a significant solid component. In such
cases, approaching a specific diagnosis was very
difficult and biopsy was necessary for definitive
diagnosis.

Although the clinical and radiologic findings
of this disease are not very specific, the histopatho-
logical appearance is quite distinctive, with a mixture
of both epithelial and mesenchymal elements. PPB
can be classified into three broad histologic categories.

Type 1 1s purely cystic with smooth and glistening cyst
linings. The adjacent pulmonary parenchyma
is unremarkable. Twenty five percent of PPB
is exclusively cystic.
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Type 2 consists of multiple cysts and coalescing
nodules with cystic degeneration, hemorrhage
and necrosis.

Type 3 is a predominantly solid tumor with cystic
areas only secondary to hemorrhage and
Necrosis.

In our two patients, surgical resection was
performed and postoperative chemotherapy was
administered. The tumors are classified in the type 2
category. These patients are still followed by pediatric
oncologists at our institution.
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THE PHANTOM STUDY OF SPATIAL REGISTRATION IN PET/CT
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ABSTRACT

Objective:  The purpose of this study was to evaluate the spatial registration in terms of
the registration difference in PET/CT with the phantom.

Method: Three experiments were performed by using the phantom insert with hollow
spheres filled with F-18 and the combined PET/CT system(Siemens, Biograph),
including the same offset correction(test 1,2,3) and varied offset correction for
the gantry(offset 1,2,3), and the clinical setting. The location of the center of
was used for statistical analysis of the location difference. A p-value less than
0.05 was defined to be statistically significant. The acceptable value for the
registration difference in the registered image was taken as Imm or less.

Result: The mean registration difference in the study of same offset correction for the
gantry was 0.68+0.24 mm. The p-values obtained in the first experiment were
more than 0.05. There was no statistically significant difference between each
test. The average registration difference in the study of varied offset correction
for the gantry was 0.51+0.17 mm. There was a statistically significant difference
when the difference in the z-axis was more than 0.05 mm. The average registra-
tion difference in the clinical setting was 0.50+0.28 mm. There was no statistical
significance between the clinical setting and the phantom setting.(p-value =
0.764)

Conclusion: Inthis PET/CT system, the spatial registration was sufficiently accurate in the

phantom study and the spatial registration difference in the registered image was
less than Imm.

Key Words: PET/CT; F18; phantom; registration
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INTRODUCTION

Combined PET/CT systems are being used
on an increasing scale in nuclear oncology. One
important factor for using these systems is the accu-
racy of spatial registration between the PET and CT
images. The accuracy of the registration between PET
and CT depends on several factors such as the
difference of the patient positioning, internal organ
movements, attenuation correction artifacts and
errors in the registration procedure.' Most studies on
this subject have been performed in patients and have
focused on internal organ movement especially respi-
ration.”® The lesion mislocalization can occur by the
respiratory motion difference between PET and CT.
It may be the major cause of the artifacts in PET/CT.
This leads to a special breathing protocol in PET/CT
study. A spatial registration study in a phantom was
performed as part of a lung lesion study by a group of
researchers in 2003.” The literature contains only a
few reports on phantom studies in PET/CT. The
purpose of this study was to evaluate the spatial
registration difference in the registered image by using
the phantom insert with hollow spheres.® This study
relates to the system itself and to the effect of some
parameters on the spatial registration difference
between PET and CT in a phantom only.

MATERIALS AND METHODS
PET/CT system

The PET/CT system evaluated in this study
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was the BGO-based Siemens Biograph (Siemens
Medical Systems, Inc). The Biograph combines aPET
scanner (ECAT EXACT HR+) and a spiral CT
(Somatom Emotion Duo) in a single gantry. The trans-
verse fields of view of the PET and CT were 60 cm
and 50 cm, respectively. The axial fields of view of
the PET was 15.5 ecm with 63 image planes per bed
position (2.46 mm slice-to-slice spacing) Gantry
offset was performed to ensure that the field of view
of the system matches the PET and CT gantries. By
acquiring the cross rod phantom, the gantry offset on
the x, y and z axes 1s automatically calculated by the
software. The offset in the x and y axes should be less
than5 mm. The manufacture recommended that if
either the x or y calibration values exceed 5 mm,
mechanical re-adjustment of the gantries is required.

Phantom

The NEMA NU 2-2001(8) phantom insert
with hollow spheres consists of six different diame-
ters of sphere sizes i.e. 37+1 mm, 28+1 mm, 22+1 mm,
17+0.5 mm, 13+0.5 mm and 10+0.5 mm inserted in
the cylinder water filled flood phantom. Each hollow
sphere is filled with 0.185 MBg/cc of F-18.

The rod sources were used for gantry offset
correction. Two Ge-68 rod sources with a radioac-
tivity of about 148 MBq each were inserted in the
box to make a cross rod phantom.
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Fig. 1 Setting of NEMA NU 2-2001 phantom, inserting
with hollow spheres, inserted in the water filled
phantom.

Fig.2 CTimage ofthe phantom with hollow spheres  Fig.3 Topogram of the cross rod phantom for gan-
diameter ranging from 37 mmto 10 mm. try offset correction.
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PET/CT acquisition and processing

Three experiments were performed in this
study. The topogram is made prior to each experi-
ment to define the axial scan range. The topogram
acquisition parameters were 130 kVp, 30 mAs, 5.9
seconds and 1.0 mm slice width. The first experiment
studied the effect of bed movement in the registration
differences on the registered images. The second one
investigated the effect of gantry offset correction in
the registration differences on the registered images.
The last one was designed to determine the clinical
setting and the effect of reconstruction increments in
the registration differences on the registered images.

The first experiment was performed using the
same offset correction for the gantry. The experiment
was repeated three times using the phantom with the
bed in the reset position for each repeated experi-
ment. CT acquisition was as followed: 130 kVp, 40
mAs, 3 mm. slice width, table feed 10 mm per rota-
tion, pitch 3.33 (pitch is defined as the table feed per
rotation divided by the nominal slice width), 2.5 mm.
slice thickness. The PET parameters were as follows:
total counts about 77 Mc, matrix size 512x512, zoom
1.0 and filtered back projection reconstruction. A
reconstruction increment of 2.5 mm was applied to
match the slice thickness of PET as much as possible.

The second experiment was performed using
varied offset correction for the gantry. Two new offset
corrections for the gantry were applied by using the
cross rod sources and the standard protocol for the
correction process. The phantom was acquired for
each new offset correction for the gantry with the same
system conditions. The phantom was acquired and
reconstructed with the same parameter as for the first
study and same PET scan time per bed. (15 minutes
per bed and one bed acquisition) A reconstruction
increment of 2.5 mm was used for the phantom data
after the gantry offset correction had been applied.

The third experiment was performed with the
usual clinical setting used in our institute 1.e. 40 mAs,
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130k Vp, 5 mm slice width, pitch 1.6 and 4mm slice
thickness for CT acquisition. PET data was acquired
with matrix size 512x512, zoom 1.92, 15 min per
bed (one bed acquisition) and filtered back projec-
tion reconstruction. The latest offset correction for
the gantry (offset 3) was applied in this experiment.
Three reconstruction increments were used 1.e. 5 mm,
4mmand 2.5 mm.

Data analysis

Since this PET/CT was not equipped with

software for analyzing the data generated in this study;
all data had to be analyzed by using Dr. View/LINUX
1.1.0 software. All registered images were transferred
to a snapshot format via CD-R. The sphere center
was determined from several registered images. For
PET images ,the slice with the maximum area of
lesion activity was selected and for CT images, the
slice with the maximum area of soft tissue density was
selected. The registration difference between the PET
and CT images was calculated by using the following
formula’;
Difference = (delta x* + delta y* + delta z°)"* The
average registration difference was calculated for each
sphere size. The differences between the various data
sets for each experiment were compared. The data
for each experiment was expressed as the mean+SD.
The paired student's t-test and the p-value were used
for statistical analysis. P-values more than 0.05 were
considered no statistically significant .

RESULTS

Three tests were done (test 1, 2 and 3) with
the same phantom settings and the same offset correc-
tion for the gantry. After each test, the bed was reset
to the normal position before starting the next test.
This was necessary for checking the effect of bed move-
ment on the registration difference in the registered
images. The average registration difference for cach
sphere size was calculated and is shown in table 1.
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TABLE 1 Average registration difference with same offset correction for the gantry
Sphere size (mm) Average registration difference (mean+SD)(mm)

test 1 test 2 test 3
37 0.962+0.578 0.759+0.593 1.314+0.426
28 0.975+0.472 1.010+0.690 0.714+0.488
22 0.167+0.408 0.333+0.516 0.833+0.408
17 0.75+0.5 0.25+0.5 0.25+0.5
13 0.75+0.5 0.957+0.667 0.25+0.5
10 0.75+0.5 1.0+0 0.333+0.577

In the second experiment, the new offset
correction for gantry was applied for each phantom
experiment (offset 1,2 and 3). Then the same analysis
procedure was performed. This experiment was

carried out for assessing the effect of gantry offset
correction on the registration difference in the regis-
tered images. The average registration difference for
each sphere size was calculated and is shown in table 2.

TABLE 2 Average registration difference with varied offset corrections for the gantry
Sphere size (mm) Average registration difference (meantSD)(mm)
offset 1 offset 2 offset 3
37 0.962+0.578 0.55540.527 0.870+0.523
28 0.975+0.472 0.143+0.378 0.571+0.534
22 0.167+0.408 0.167+0.408 0.736+0.592
17 0.754+0.50 0.25+0.5 0.50+0.577
13 0.7540.50 0 0.254+0.50
10 0.75+0.50 0.50+0.577 0.333+0.577

- e

Fig.4 Gantry offset calculation in the x, y and z-axes is
carried out automatically by the software.
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For the last experiment, clinical acquisition
was performed and the data analyzed using the same
procedure. This experiment was done to assess the
effect of the reconstruction increment on the registra-
tion difference in the registered images when applied

TABLE 3
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to the patient. This test was designed to determine
intrinsic difference in PET/CT itself. It was not
affected by body weight or internal organ movement.
The average registration difference for each sphere
size was calculated and 1s shown in table 3.

Average registration difference using different reconstruction increments

Sphere size (mm)

Average registration difference (mean+SD) (mm)

Smm 4mm 2.5mm
37 0.883+0.525 0.833+0.408 0.667+0.50
28 0.603+0.717 0.25+0.50 0.916+0.432
22 0 0.667+0.577 0.667+0.516
7 0.50+0.707 0 0
13 0.50+0.707 0.333+0.577 0.25+0.50
10 0.50+0.707 0 0

DISCUSSION

In the first experiment the p-value for each
test was more than 0.05(0.95 between tests land 2,
0.61 between tests 1and3 and 0.67 between tests 2
and 3) Bed movement in the z direction does not
have any statistical significance. The variance for each
test was calculated to estimate the reproducibility of
the operator. The average variance in the PET and
CT for the determination of the sphere center was
less than 0.5mm. (0.44mm. for PET and 0.32 mm.
for CT). The reproducibility of the operator was
satisfactory. The average registration difference for

all spheres and all tests was 0.686+0.238 mm
(mean+SD). This small number will not have any
effect on the spatial registration in clinical practice.

The p-value in the second experiment with
varied offset correction for the gantry was as follows:
between offsets 1 and 2 it was 0.01, between offsets
1 and 3 1t was 0.31 and between offsets 2 and 3 1t
was (.04 The registration differences in the registered
images between gantry offsets | and 2 and 2 and 3
were statistically significant.

TABLE 4 Gantry offset difference (mm) in the x, y and z-axes after correction
X-axis y-axis z-axis
offset 1,2 0.09427 0.0563 0.139
offset 1, 3 0.09919 0.04943 0.047
offset 2,3 0.00492 0.00691 0.092
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From table 4, it can be seen that the gantry
offset difference between offsets 1 and 2 is smaller
than between offsets 1 and 3 in the x-axis but larger
in the y and z-axes. The gantry offset difference
between offsets 2 and 3 is smaller than between
offsets 1 and 3 in both the x and y-axes but larger in
the z-axis. This implies that a difference in the z-axis
has a greater effect than in the x and y-axes. This calls
for caution regarding z-axis gantry offset correction.
Though a certain statistically significant difference was
found in this experiment, the average registration
difference in the registered images for all gantry
offsets was still less than 1 mm. (0.5124+0.167 mm.)
The reproducibility of the operator is satisfactory with a
small average variance in the PET and CT for the
determination of the sphere center (0.36 mm. for PET
and 0.29 mm. for CT)

The third experiment studied the effect of the
clinical setting on the registration difference in the
registered images as compared with the phantom
setting. The p-value for the S mm reconstruction
increment was (.76. The different parameters in the
clinical setting as compared with the previous data
(offset 3) applying the same offset correction for the
gantry does not show any effect on the registration
difference in the registered images. When comparing
the reconstruction increments of 5 mm, 4 mmand 2.5
mm, the p-value shows no statistically significant
difference (p>0.05). The reconstruction increment
does not have any effect on the registration difference
in the registered images. Moreover, the average
registration difference in the registered images for all
three reconstruction increments was less than 0.5 mm.
(0.420+0.245 mm.) This means that for clinical
acquisition, the reconstruction increment has no
effect on spatial registration in the PET/CT as long as
the reconstruction increment between PET and CT is
numerically the same. The reproducibility of the
operator was satisfactory since the average variance
for PET and CT in the determination of the center of
sphere was less than 0.5 mm.
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From the three experiments used in this study,
it can be seen that all data show a small spatial regis-
tration difference in the registered images in this PET/
CT system. The manufacturer indicates that a regis-
tration difference in the registered image within 1 mm
is acceptable. The results of this study thus substan-
tiate that this system is satisfactory and the values
obtained with it are acceptable even though there is a
small registration difference in the registered images.

CONCLUSION

There 1s no statistically significant difference
in terms of registration difference associated with bed
movement in the z direction, the acquisition parame-
ters such as the pitch number or CT slice thickness
and the reconstruction increment. There is a statisti-
cally significant difference in the z direction and the
gantry correction data and the gantry offset correction
data but the difference 1s numerically less than 1 mm
which is within the acceptable value.
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DIAGNOSTIC ACCURACY OF THE MRI IN LUMBAR SPINAL
STENOSIS AND LUMBAR DISK HERNIATION.

Bundhit TANTIWONGKOSI, MD' Pipat CHIEWVIT, MD'
Visit VAMVANIT, MD?

ABSTRACT

PURPOSE: Toevaluate the diagnostic accuracy of MRI in lumbar spinal stenosis and disk
herniation in symptomatic patients by using surgery as the comparison method.

MATERIALS AND METHODS: Sagittal T1-weighted, sagittal and axial T2-weighted
MR images were obtained in 32 patients with lumbar spinal stenosis and |18 patients with
lumbar disk hemiation. All patients underwent surgery. The MR images were evaluated with
regarding to intervertebral disk abnormalities, stenosis of the spinal canals, facet joint hyper-
trophy, ligamentum flavum hypertrophy and nerve root compression. The MR findings were
compared with the surgical findings.

RESULTS:  The accuracy of MRI in diagnosis of disk protrusion, extrusion, and seques-
tration was 89%, 83% and 89% respectively. Its diagnostic accuracy in detection of herniation
location was 86%, 87%, and 89% respectively for central canal, centrolateral location and
lateral recess. There was no negative surgical finding in this study. Nerve root compression
was 80% accurately diagnosed by MRI. For the 11 cases in which disagreement between
MRI and surgical findings, the breakdown was as follows. In 2 patients the MRI and diagnosis
was that of disk protrusion but the surgical findings were those of extrusion. In one case, MR
diagnosed disk extrusion but the surgery revealed a protruded disk. In one case, there was a
sequestrated disk, while MR was interpreted as an extruded disk, and vice versa. About the
location of herniation, MR was read as centrolateral location but the surgery showed only
lateral location in one case. MR missed 2 cases of centrolateral disk herniation by being
interpreted as lateral herniation. Concerning nerve root compression, MR over diagnosed one
case of nerve root compression in a surgically proven nerve root deviation. However, MR
missed one case of nerve root compression by being read as no compression. The accuracy of
MRI in detection of central, centrolateral and lateral recess stenosis was 90%, 89%, and 83%
respectively. Its diagnostic accuracy in facet joint hypertrophy, ligamentum flavum hypertro-
phy and nerve root compression was 83%, 84% and 82% in order. The disagreement be-
tween MRI interpretation and surgical findings did occur. Among these 10 patients, MRI
showed one patient with centrolateral stenosis but surgery demonstrated only central canal
stenosis, and vice versa. In one case, the facet joints were noted as unremarkable during
surgery while MRI suggested hypertrophy. In contrary, MRI missed one case of surgically
proven facet joint hypertrophy. In one case, MRI was read as ligamentum flavum hypertrophy,
while surgery demonstrated normal size. MRI was not able to detect hypertrophy of ligamen-

' Department of Radiology, Siriraj Hospital, Mahidol University, 2 Prannok Rd., Bangkok, Thailand
? Department of Orthopaedics, Sirira) Hospital, Mahidol University, 2 Prannok Rd., Bangkok, Thailand.
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tum flavum in two cases. MRI over diagnosed one case of nerve root compression in a surgi-
cally proven normal nerve root while it missed one case of nerve root compression.

CONCLUSION:

MRl is proven to be highly accurate in diagnosis of lumbar disk her-

niation and lumbar spinal stenosis. However, there is some disagreement on the diagnosis of
disk protrusion, extrusion and sequestration; location of herniated disk, and lumbar stenosis;
nerve root compression; facet joint hypertrophy and ligamentum flavum hypertrophy.

Low back pain is one of the leading causes
of absence from work and disability.' Deyo et al’
estimated that as many as 80% of all adults have low
back pain at sometimes of their lives. Both lumbar
spinal stenosis and lumbar disk herniation are the
major causes of low back pain. A number of imaging
methods are available for assessment of such abnor-
malities. MRI remains the noninvasive method of
choice for assessment of the low back pain.' The
sensitivity and specificity of MR imaging of interver-
tebral disk abnormalities are relatively well known.'
However, there is less information about the value of
MR imaging in the assessment of facet joints and liga-
mentum flavum.

The purpose of this study is to evaluate the
diagnostic accuracy of MRI in lumbar spinal stenosis
and disk herniation in symptomatic patients by using
surgery as the comparison method.

MATERIALS AND METHODS
Patient Population

This cross-sectional study enrolled fifty
patients with lumbar spinal stenosis or disk herniation
who underwent lumbar spinal surgery at Department
of Orthopaedics Surgery, Siriraj Hospital, Mahidol
University during August- October, 2001. Written
informed consent was obtained from all patients. The
patients were operated on by the same orthopaedic
surgeon (V.J.). All of them had lumbar MRI scanned
before surgery.

32 patients had lumbar spinal stenosis,
including 12 men and 20 women with 52-79 years
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old (mean, 61 years). 18 patients had lumbar disk
herniation, including 13 men and 5 women with 28-
54 years old (mean, 42 years).

The patients suffered from low back pain and/
or radicular pain. The relevant clinical history and
physical findings were collected. The patients with
spinal tumor, infection or previous spinal surgery were
excluded.

MR Imaging

The MR imaging was performed witha 1.5
-T ACS-NT scanner (Philips, Best, The Nether-
lands.) with a body coil. The protocol included sagit-
tal T1-weighted (253/12 [repetition time msec/ echo
time msec]) and T2-weighted (2588/120) turbo spin-
echo imaging of the entire lumbar spines with the
following sequence parameters: matrix, 256 X 180;
field of view, 280 mm; section thickness 3 mm, inter-
section gap 0.5 mm. In addition, axial T2-weighted
(3900/100) turbo spin-echo images of all lumbar
intervertebral spaces (four sections per disc level from
L1-ST) were obtained with the following sequence
parameters: matrix, 256 X 210; field of view, 180
mm, section thickness, 4 mm; intersection gap, 0.5
mim.

Image Analysis

The imaging studies in all 50 patients were
analyzed independently by one experienced
neuroradiologist (P.C.). The three separate MR
acquisitions were interpreted in the following manner.
The sagittal T1-weighted images were evaluated for
disk-space height; canal compression; presence and
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configuration of epidural fat and nerve root in the neural
foramina in the parasagittal plane; disk position and
configuration; vertebral body signal; and upper
lumbar neural canal, including the conus. The signal
intensity of the disk and adjacent vertebral endplates
were evaluated on T2-weighted sagittal image. In
addition, the CSF-extradural interface was examined
for the presence or absence of herniated disk and
canal stenosis.

The presence of following abnormalities were
recorded: spondylolisthesis, loss of normally high
signal intensity of the disk on T2-weight image, loss
of disk height, disk bulging, disk herniation (protru-
sion, extrusion and sequestration), thecal sac com-
pression, nerve root compression, hypertrophy of facet
joint, and hypertrophy of ligamentum flavum.

With regard to the disk abnormalities,' the
following terms were used: normal, bulging, protru-
sion, extrusion, and sequestration.

Normal disk. The disk was considered to
be normal when it did not reach beyond the borders
ofthe adjacent vertebral bodies (Fig 1A).

Bulging disk. This diagnosis was made when
a smooth, more or less circular extension of the disk
margin was noted beyond the margins of the verte-
bral endplates. Bulging disk may be generalized, that
was, be along the entire circumference of the verte-
bral endplate; in symmetric fashion with the smooth
outline paralleling the contour of the vertebra endplate;
or eccentric. Generally, a bulging disk was consid-
ered to be associated less with sciatica than disk her-
niation® (Fig 1B).

Disk protrusion. Protrusion was defined as
a focal or asymmetric extension of the disk beyond
the vertebral border, with the disk origin broader than
any other dimension of the protrusion (Fig 1A).
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Fig. 1 Normal disk, bulging disk and disk protrusion.
(A) Sagittal T2-weighted SE MR image of the
lumbar spine in a 37 year-old man with low
back pain showed normal L3-4 disk configu-
ration (white arrow) and 1.4-5 disk protrusion
(black arrow). (B) Axial T2-weighted SE MR
image of the 1.3-4 intervertebral disk in
another patient demonstrated a bulging disk
(white arrow).
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Disk extrusion. Extrusion was determined
as a more extreme extension of the disk beyond the
vertebral border, with the base against the disk of
origin narrower than the diameter of the extruded
material and a connection between the material and
the disk of origin (Fig 2).

Fig. 2 Disk Protrusion. Sagittal T2-weighted SEMR
image of the lumbar spine in a 28 year-old
woman with low back pain and radicular pain
showed a herniated disk(white arrow) with the
base against the disk of origin narrower than
the diameter of the extruded material and a
connection between the material and the disk
of origin. At surgery, an extruded disk was found.

There were ordinarily two pairs of nerves that
may be associated with the pathology of each lumbar
intervertebral disk. These included descending and
exiting nerves.’

Descending nerve. At each lumbar interver-
tebral disk, there was usually only one spinal nerve
root outside the dural sac in the spinal canal descending
behind the intervertebral disk to exit below the pedicle
of the vertebral body forming the lower surface of the
disk. Atthe L4-L5 intervertebral disk, for example,
the descending nerve would be the LS nerve root.
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Disk sequestration. Sequestration was
defined as a free disk fragment that was distinct from
the parent disk and had an intermediate signal inten-
sity on T1-weighted images but an increased signal
intensity on T2-weighted images (Fig 3).

- .

Fig.3 Disk sequestration. Axial T2-weighted SE MR
image of the lumbar spine in a 40 year-old man
with low back pain, severe radicular pain and
positive straight leg raising test showed a free
disk fragment (white arrow).

Exiting nerve. The exiting nerve was the
nerve leaving the spinal canal through the top of the
neural foramen below the pedicle of the vertebral body
sitting on the top of the disk. At the L4-L5 disk, for
example, the exiting nerve would be the .4 nerve,
which usually left the dural sac at about the level of
the lower part of the body of L3, descended behind
the L3-L4 disk, and exited the spinal canal below the
pedicle of L4 through the top of L4-L5 foramen.

The relationship of the nerve roots with the
adjacent disks was described as no compression or
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nerve root compression. An impression of thecal sac
was diagnosed as either present or absent.

The endplates and adjacent bone marrow
were graded according to the system of Modic et al 2
as follows: no abnormality, low signal intensity on
T1-weighted images, and high signal intensity on
T2-weighted images when compared to normal fatty
bone marrow: type I, high signal intensity with both
sequences: type I, and low signal intensity with both
sequences: type III. When two different grades were
present on both sides of intervertebral disk space,
only one diagnosis was applied (first priority, type I;
second priority, type II; last priority, type III).

Spinal canal Spinal canal was divided in the
axial plane into four zones: central canal zone, lateral
recess or subarticular zone, foraminal zone and
extraforaminal zone."* Criteria for spinal canal stenosis
on MR 1mages were 1) a distortion or paucity of
epidural fat either in the neural foramina, lateral
recess, or posteriorly between the ligamentum flavum
(Fig 4), and 2) a diminution in the overall size of the
neural foramina, neural canal, and/ or thecal sac. An
attempt was made to determine the contribution of
the hypertrophied facet joints and bony overgrowth
as well as hypertrophy of ligamentum flavum.*

Facet joints. Facet joints were diathrodial
joints formed by articulation of the superior articular
process and inferior articular process. The shape and
size of the facet joints were analyzed on axial images.
The hypertrophy of facet joints® was defined as
narrowing of the nerve root exit zones caused by
superior or inferior facet bone growth (Fig 4). This
did not include secondary causes such as an increase
in the size of the capsuloligamentous (joint capsule)
structures.

Ligamentum flavum. Ligamentum flava
(Fig 4) were paired ligaments extending from the
anteroinferior border of lamina above to the upper
posterior border of the lamina below. The thickness
of ligamentum flavum was measured on the axial plane
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at the level of spinal lamina. The normal value of its
thickness on MR images was 5.54 mm + 1.38.% It
was considered hypertrophy if the ligament was larger
than 6.92 mm (mean + 1SD).

The description and drawing of the surgical
findings were recorded at conclusion of the surgery
for each patient. The MR findings were compared
with the surgical findings at the level of operation.

- ) B !
Fig.4 Axial T2-weighted SE MR image ofthe lum-
bar spine in a 68 year-old woman with low
back pain, radicular pain relieved by squat-
ting showed severe central canal stenosis due
to facet joint hypertrophy (white arrow), liga-
metum flavum hypertrophy (black arrow) and
herniated disk (white arrow head).

Statistical analysis

This study was a cross-sectional, diagnostic
test. The sensitivity, specificity, positive predictive
value, negative predictive value, accuracy and the 95%
confidence interval of each parameter were calcula-
ted. The causes of disagreement between the MR
findings and the surgical findings were analyzed.
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RESULTS
Lumbar disk herniation

Table 1 listed the diagnostic values of MRI in
lumbar disk herniation. These included sensitivity,
specificity, positive predictive value, negative predic-
tive value, accuracy and 95% confidence interval of
each parameter.

Twenty disk explorations were performed in
18 patients. The accuracy of MRI in detection of disk
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protrusion, extrusion and sequestration was 89%,
83%, and 89% respectively. Its diagnostic accuracy
in detection of herniation location is 86%, 8 7%, and
89% respectively for central canal, centrolateral
location and lateral recess. There was no negative
surgical finding in this study. Nerve root compression
was 80% accurately diagnosed by MRI.

TABLE 1:  Diagnostic Values of MRI in Lumbar Disk Herniation.
Sensitivity | Specificity PPV NPV Accuracy
(95%CI) | (95%CI) (95% CI) (95% CI) (95%CT)
Protrusion 75 93 75 89 89
(0.60,0.90) | (0.85,1.05) (0.65,0.85) | (0.80,0.98) (0.79,0.99)
Extrusion 83 83 7l 91 83
(0.65,1.01) | (0.67,0.99) | (0.49,093) | (0.74,1.08) (0.64,1.02)
Sequestration 86 90 86 90 89
(0.75,0.97) | (0.77,1.03) | (0.75,1.05) | (0.75,1.05) (0.31,0.97)
Central 89 85 87 85 86
(0.76,1.02) | (0.73,0.97) | (0.70,0.99) | (0.71,0.99) (0.74,0.98)
Centrolateral 83 91 85 88 87
(0.70,0.93) | (0.76,1.06) | (0.68,1.02) | (0.74,1.02) (0.73,1.01)
Lateral recess 80 95 84 88 89
(0.61,0.99) (0.82,1.02) (0.75,1.01) (0.75,1.01) (0.75,1.03)
Nerve root 78 82 81 84 80
compression (0.63,0.93) | (0.68,096) | (0.64,0.99) | (0.65,1.03) (0.67,0.93)

PPV = Positive Predictive Value, NPV = Negative Predictive Value
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TABLE 2:
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Surgical and MR Results: Disagreement on Lumbar disk herniation.

MRI/ Surgical Findings

Number of patients

Protrusion / Extrusion

2

Extrusion / Protrusion

Sequestration / Extrusion

Extrusion/ Sequestration

Centrolateral / Lateral

Lateral / Centrolateral

Nerve root compression / Deviation

No compression/ Nerve root compression

Total

—_ e = B = = | | —

—

Table 2 listed the disagreement between MR
and the surgical findings. For the 11 cases in which
disagreement between MRI and surgical findings, the
breakdown was as follows. In 2 patients the MRI
and diagnosis was that of disk protrusion but the
surgical findings were those of extrusion. In one case,
MR diagnosed disk extrusion but the surgery revealed
a protruded disk. In one case, there was a seques-
trated disk, while MR was interpreted as an extruded
disk, and vice versa. About the location of herniation,
MR was read as centrolateral location but the surgery
showed only lateral location in one case. MR missed
2 cases of centrolateral disk herniation by being
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interpreted as lateral herniation. Concerning nerve root
compression, MR over diagnosed one case of nerve
root compression in a surgically-proven nerve root
deviation. However, MR missed one case of nerve
root compression by being read as no compression.

Lumbar spinal stenosis.

Table 3 listed the diagnostic values of MRI in
lumbar spinal stenosis. These included sensitivity,
specificity, positive predictive value, negative predic-
tive value, accuracy and 95% confidence interval of
each parameter.
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TABLE 3: Diagnostic values of MRI in Lumbar Spinal Stenosis.
Sensitivity Specificity PPV NPV Accuracy
(95% CI) (95% CI) (95% CI) (95% CI) (95%CI)
Central 88 92 93 88 90
(0.74,1.02) | (0.85,0.99) | (0.86,1.04) | (0.79,0.97) (0.82,0.98)
Centrolateral 83 91 78 90 89
(0.69,097) | (0.79,1.03) | (0.60,0.96) | (0.76,1.04) (0.81,0.97)
Lateral recess 84 87 80 84 83
(0.72,0.96) | (0.72,1.02) | (0.75,0.95) | (0.68,1.00) (0.65,1.01)
Facet joint 81 79 84 87 83
hypertrophy (0.69,0.93) | (0.62,0.96) | (0.71,0.97) | (0.72,1.02) (0.68,0.98)
Ligamentum 87 84 81 83 84
flavum hypertrophy | (0.70,1.04) | (0.70,0.98) | (0.64,0.99) | (0.65,1.01) (0.70,0.98)
Nerve root 86 79 84 80 82
hypertrophy (0.74,0.98) | (0.61,0.97) | (0.76,1.02) | (0.75,0.95) (0.68,0.96)

TABLE 4: Surgical and MR Results: Disagreement on Lumbar Spinal Stenosis.

MRI/Surgical Findings

Number of patients

Centrolateral / Central

Central / Centrolateral

Facet joint hypertrophy / Unremarkable

Unremarkable / Facet joint hypertrophy

Ligamentum flavum hypertrophy / Unremarkable

Unremarkable / Ligamentum flavum hypertrophy

Nerve root compression / Nerve deviation

No compression / Nerve root compression

1
2
1
1
2
1
I

Total

10
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Forty decompressive laminectomies were
performed in 32 patients with lumbar spinal stenosis.
All operated levels were found stenotic as demon-
strated by preoperative MR images.

The accuracy of MRI in detection of central,
centrolateral and lateral recess stenosis was 90%,
89%, and 83% respectively. Its diagnostic accuracy
in facet joint hypertrophy, ligamentum flavum hyper-
trophy and nerve root compression was 83%, 84%
and 82% in order.

The disagreement between MRI interpreta-
tion and surgical findings did occur. Among these 10
patients, MRI showed one patient with centrolateral
stenosis but surgery demonstrated only central canal
stenosis, and vice versa. In one case, the facet joints
were noted as unremarkable during surgery while MRI
suggested hypertrophy.

On the contrary, MRI missed one case of
surgically proven facet joint hypertrophy. In 1 case,
MRI was read as ligamentum flavum hypertrophy,
while surgery demonstrated normal size. MRI was
not able to detect hypertrophy of ligamentum flavum
in two cases. MRI over diagnosed one case of nerve
root compression in a surgically-proven normal nerve
root while it missed one case of nerve root compres-
s1on.

DISCUSSION

MRI has been the imaging method of choice
for evaluation of both lumbar disk herniation and
lumbar spinal stenosis due to its high accuracy and
noninvasiveness. Modic et al* found 82.3% agree-
ment between MR and surgical findings for both types
and location of disease.

Nevertheless, there was some disagreement
between MRI and surgical findings that need to be
clarified. These included disagreement on diagnosis
of 1) disk protrusion, extrusion, and sequestration, 2)
herniation or stenosis location, 3) nerve root
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compression, 4) facet joint hypertrophy, and 5) liga-
mentum flavum hypertrophy.

Disagreement on diagnosis of disk protrusion,
extrusion and sequestration.

Both disk protrusion and extrusion can be
found in asymptomatic volunteers but sequestration
was rare in asymptomatic persons.' Boden et al’
examined 67 asymptomatic individuals aged 20-80
years with MR images. They found at least 1 hernia-
ted disk in 20% of'the individuals younger than 60
years and 36% of those older than 60 years. lensen
etal'’reported that 98 asymptomatic individuals aged
20-80 years examined, 5% had disk bulging; 27%,
protrusion; and 1%, extrusion of at least 1 disc level.
Then distinction among protrusion, extrusion and
sequestration was important since extrusion and
sequestration seemed to cause symptoms.

In this study we used the morphologic
characteristics to classify the type of hermated disks
as previously mentioned in Imaging Analysis section.
Disk extrusions were practically never seen at the disk
level on axial sections. The large posterior displace-
ment of the disc material beyond the margins of the
intervertebral space still generally created images
corresponding to the definition of a protrusion
because they were outlined by the posterior longitu-
dinal ligament. Significant migration of disk material
was usually necessary to generate a typical extrusion
at the disk level, was very often only possible on
sagittal sections. Therefore it was sometimes confusing
to diagnose either protrusion or extrusion by using
morphological criteria.

Despite its apparent simplicity, only moderate
interobserver and intraobserver agreement has been
reported using this nomenclature in an independent
study."

Disagreement on diagnosis of herniation or
stenosis location.
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Distinction between the lateral recess stenosis
and central canal stenosis was particularly important
for the surgical management. A facetectomy may be
necessary in addition to laminectomy and fusion in
cases in which the lateral recess compromise was
particularly severe.® Certainly, it was a little more
unusual to encounter isolated lateral recess changes
without some component of a central problem.

In this study we used the modified system
proposed by Wiltse et al® in dividing the spinal canal
into the central canal zone, lateral recess (subarticular
zone), foraminal zone, and extraforaminal zone. The
medial edge of the facet was the landmarks that
separate the central zone from the subarticular zone.
Unfortunately this landmark was generally not included
in the axial sections at the disk level. Due to lack of
visualized bony landmark on axial image, the boundary
between the central and lateral recess was hard to be
demarcated.

Disagreement on the diagnosis of nerve root
compression.

Thornbury et al” suggested that adding the
dimension of the nerve compression more directly
impacts the treatment choice between surgical versus
conservative therapy. In their study, the sensitivity of
MRI in the diagnosis of disk-caused nerve compres-
ston was 91.9% and specificity is 52.4%. The low
specificity implied that for MRI, the nerve root com-
pression seem to be over diagnosed.

We found that two cases of nerve root com-
pression were diagnosed by MRI while surgical
findings revealed only nerve root deviation. All the
deviated nerves in these cases were descending nerves
in the thecal sac, which were more deviated or
stretched rather than compressed. However, MRI
missed 2 cases of surgically-proven nerve compres-
sion. The compressed nerves in these cases were
exiting nerves at the foraminal zone. Retrospectively,
the compressed nerves were better visualized by
sagittal T2-weighted images in both cases, instead of
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axial views.

Disagreement on the diagnosis of facet joint
hypertrophy:.

Facet joint hypertrophy was a clinically
significant factor of the low back pain especially when
spondylolisthesis was present.® A single hypertrophic
joint can encroach on two different nerve roots
including the exiting part of the nerve root above and
the descending part of the nerve root below.’

Weishaupt etal' found that mild and moderate
osteoarthritis of facet joints was found in 18-22% in
60 normal volunteers; age 20-50 years. While no
severe osteoarthritis was found in normal volunteers.

Our study used the increase in size of the facet
joint as the criteria for diagnosing of facet joint hyper-
trophy. The evaluation seemed to be subjective since
there was no standard reference for the average size
of the normal facet joints. The discrepancy in diagno-
sis of facet joint hypertrophy was probably due to
lack of standard size of reference and intraobserver
bias.

Disagreement on the diagnosis of ligamentum
flavum hypertrophy.

The bilateral ligamentum flava were the
posterolateral boundaries of the spinal canal. Grenier
etal'® measured the thickness of the ligamentum flavum
inaxial plane at 49-53 levels in the 30 patients. The
mean value was 5.54+1.38 mm. The thickness was
greater than 6 mm at 14 levels. This reference value
was probably greater than the actual mean value in
asymptomatic Thai population.

The possible change in the thickness of
ligamentum flavum dependent on load was studied in
vitro by Schoenstroen and Hanssen.” and was found
to be around 2 mm. In an already narrow spinal
canal, a bulging inward of 2 mm from each side should
severely affect the roots of the cauda equina, as has
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been shown theoretically and experimentally.* A
thickening of the ligamentum flavum in the cranial
portion of the lateral recess could affect the descend-
ing segmental root.

Since our study used Grenier's mean value of
normal ligamentum flavum thickness, this probably
caused underestimation of the ligament thickness in 2
cases. Nevertheless, only minor discrepancy between
MRI finding and surgical results was found.

Limitation

Although every effort was made to overcome
limitations in this study, certain potential flaws became
apparent. First, the population size was not large
enough. To achieve higher accuracy with less allowa-
ble error, approximately 140 patients were needed.
Second, intraobserver bias of both radiologist and
orthopedic surgeon could make this study less
accurate. To alleviate this bias, two or three experts
were needed to interpret the images and the surgical
findings. In case of disagreement, consensus should
be made before final decision. Third, the intraobserver
bias in diagnosis of facet joint hypertrophy still
remained. A study of facet joint measurement in
asymptomatic Thai individual was needed. Forth, the
application of Grenier's mean value of normal ligamen-
tum flavum thickness would not represent mean value
of the ligament in Thai persons. Therefore we needed
a study of ligamentum flavum measurement in asymp-
tomatic Thai individuals.

CONCLUSION

MRI was proven to be highly accurate in
diagnosis of lumbar disk herniation and lumbar spinal
stenosis. However, there was some disagreement on
diagnosis of disk protrusion, extrusion and seques-
tration; location of hermated disk, and lumbar stenosis;
nerve root compression; facet joint hypertrophy and
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ligamentum flavum hypertrophy.
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TITLE: PREVALENCE OF BREAST CANCER IN BI-RADS
CATEGORY 3 LESIONS

Cholatip WIRATKAPUN M.D.!, Yodying VASUTIT M.D.},
Panuwat LERTSITHICHAI M.D.2, Bussanee WIBULPHOLPRESERT M.D.!

ABSTRACT
Objective:

To determine the prevalence of breast cancer in patients found on mammography to
have the Breast Imaging Report and Data System (BI-RADS) category 3 lesions.

Materials and methods:

1,704 women who underwent mammography during the one-year period from
January 1* to December 3 1st 2001 were determined to have BI-RADS category 3 lesions.
Of'these, 1,100 had medical records available for review. Patients were included in the study
if biopsies of the lesions were available, or if not, the followup time was at least two years.
Presence of breast cancer was defined as cancer detected within two to three years after the
initial mammogram at the site of the initial mammographic lesion. Patients not biopsied after
two years were determined not to have breast cancer at the time of initial mammogram.

Results:

397 patients fulfilled the inclusion criteria. Biopsies were performed on 51 (12.8%)
patients. Invasive breast cancer was found in two patients (2 0f 397, 0.5%) and lobular carcinoma

In situ in one.
Conclusion:

Our data suggest that the prevalence of breast cancer in patients with BI-RADS
category 3 mammogram is extremely low (0.5%).

INTRODUCTION

The American College of Radiology has  oftheaction to be taken. ** Probably benign finding™
developed the Breast Imaging Reporting and Data  1s the third of six numbered categories, used for catego-
System (BI-RADS), which is intended to standardize  rizing lesions which are almost certainly benign, i.¢.,
the terminology in the mammographic report, the  the risk of cancer is less than 2%. For these lesions,
assessment of the findings, and the recommendation  periodic mammographic surveillance is recommended

Departments of Radiology
* Surgery Ramathibodi Hospital, Mahidol University, Rama 6" road, Bangkok 10400
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as the preferred alternative to surgical or percutaneous
biopsy, principally to avert morbidity and to reduce
cost.'”

The purpose of this study was to determine
the prevalence of breast cancer in patients found on
mammography to have BI-RADS category 3 lesions
in Ramathibodi hospital.

MATERIAL AND METHODS

From January, 1* to December, 31* 2001,
mammography was performed on 12,696 women at
the breast diagnostic center, department of radiology,
Ramathibodi hospital. In our practice, mammogram
and subsequently ultrasound were performed in the
same visit in all women. The final assessment was
based on the combination of mammogram and ultra-
sound findings. Medical records and mammographic
reports as well as sonographic reports of these
patients were retrospectively reviewed. There were
1,704 women whose mammograms were classified
as BI-RADS category 3 (13.4%). Patients were
included in our study if they were followed for at least
two years with mammography and/or sonography (if
the lesions were invisible on mammograms), or if they
underwent diagnostic fine-needle aspiration, core-
needle biopsy or surgical biopsy. Exclusion criteria
included cases which were not true category 3
lesions. For example, patients with negative findings
on mammogram and ultrasound but had breast
symptoms or had history of contralateral breast
cancer or patients with typical category 2 lesions, were
sometimes classified as category 3. Using these criteria,
397 patients were enrolled into this study. Age,
history of contralateral breast cancer, presenting
symptoms, physical examination, mammographic
findings, corresponding sonographic findings, size of
masses or complicated cysts and follow-up data were
recorded. In the follow-up group, the lesions were
compared to their appearances on last images and
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classified as stable, disappeared, progression and
regression (when their sizes were smaller or the initial
hypoechoic masses appeared as a simple cysts in the
subsequently images.) Presence of breast cancer was
defined as cancer detected within two to three years
after the initial mammogram at the site of the initial
mammographic lesion.

RESULT

Age of the patients ranged from 29-75 years
old (median 49 years old). History of contralateral
breast cancer was found in 34 cases (8.6%). Three
hundred and nineteen patients (80%) had no breast
symptoms. Sixty-three patients (15.9%) complained
of palpable breast masses. Breast pain was noted in
12 patients (3%). Nipple discharge was found in three
patients (0.8%). On breast examination, 350 cases
(88%) had negative findings, while 47 cases (12%)
had palpable masses. Mammographic findings are shown
in table 1. Sonographic findings are shown in table 2.
Size of masses or complicated cysts ranged from 0.3
-6 cm (mean 1 cm., S.D. 0.6). Fifty-one patients
(12.8%) underwent tissue sampling for diagnosis.
Benign pathologies were found in 48 patients. The
reasons for intervention were surgeon’s preference in
19 cases, progression of lesions in 14 cases and
patient’s request in 14 cases. For the follow-up group,
the median imaging follow-up interval was 35 months
(ranged 24-47 months). On last images, 50% of lesions
were stable, 17% regressed, 5% progressed and 16%
disappeared. We found two malignancies, which were
invasive ductal carcinoma (stage TINOMO) in one
and invasive lobular carcinoma (stage TINIMO0) in
another. The positive predictive value for malignancy
in category 3 lesions was therefore 0.5%. One case
of lobular carcinoma in situ (LCIS) was also found.
This high-risk lesion was a serendipitous finding
unrelated to imaged abnormality.® Details of cases
with malignancy and lobular carcinoma in situ are listed
intable 3.
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TABLE 1: Mammographic findings

Findings Number of cases %
Mass 99 25
Calcifications 97 244
Asymmetric density 32 8
Architectural distortion 18 4.5
Mass containing calcifications 8 2
Abnormal axillary lymph node 4 1
Follow-up post excision, core-needle biopsy 4 1
Collapsed implants 1 0.3
Negative finding 134 33.7

TABLE2:  Sonographic findings

Findings Number of cases %
Mass 154 38.8
Complicated cyst 84 21
Mass containing calcifications 3 0.8
Abnormal axillary lymph node 3 0.8
Architectural distortion 2 0.5
Calcifications 1 0.3
Collapsed implants 1 0.3
Negative finding 149 37.5
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TABLE 3:  Details of cases with malignancies and lobular carcinoma in situ
Case Age  Mammographic Sonographic Reason for Interval from Pathology
finding finding /size (cm.) biopsy diagnosis to
biopsy (months)
1 59 Asymmetric density  Sohd nodule 0.7 Progression of lesion 12 IDC, TINOMO
2 48 Negative Solid nodule 0.7 Progression of lesion 30 ILC, TINIMO
3 43 Mass Solid nodule 1.2 Surgeon’s preference 7 LCIS
Abbreviations: [IDC = Invasive ductal carcinoma
ILC = Invasive lobular carcinoma
LCIS= Lobular carcinomain situ
DISCUSSION

Mammography is accepted to be an effective
screening method for breast cancer. Its wide use has
resulted in the increase in the number of discoveries
of small lesions, as well as microcalcifications, which
are not palpable on the physical examination. Many
lesions are judged to have a low probability of malig-
nancy and can be periodically followed up. The basic
purpose of this approach is to avert the morbidity
and substantial cost of biopsies for benign lesions.'”’
The three most common findings categorized as
BI-RADS category 3 are (a) noncalcified solid masses
with a round, oval, or gently lobular contour and
margins that are predominantly circumscribed
(b) clustered tiny round or oval calcifications and
(¢) focal asymmetric densities which partially thins on
spot compression.'’ BI-RADS category 3 for ultra-
sound includes lesions which are solid masses with
circumscribed margin, nonpalpable complicated cysts
and clustered microcysts' The two most common
mammographic findings which were classified as
category 3 in our study were breast masses and
calcifications, which were found in 25% and 24 .4%
of patients, respectively. The most frequently encoun-
tered abnormality seen by ultrasound was a breast
mass, followed by complicated cyst.

The scientific evidence establishing the safety
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and efficacy of surveillance for BI-RADS category 3
lesions 1s based on many studies. Sickles® reported
17 out of 3,184 cases developed cancer (0.5%).
According to two studies from Veras et al. in 1992*
and 2002,” they found 9 out of 535 and 2 out of 511
patients had breast cancer (1.7% and 0.4%, respec-
tively). Recently, Yasmeen et al. reported 30 patients
with breast cancer from 2,927 category 3 cases
(1%)."°Our result, a prevalence of breast cancer of
0.5% (2 from 397 patients), was comparable to those
of previous studies.

The surveillance protocol provided by the
American College of Radiology is 6 month-interval
follow-up for at least 2 or 3 years." Interval progres-
sion of the lesions is prompt biopsy.* Progression of
cancer during mammographic surveillance depends
onthe rate of growth or doubling time of an individual
lesion. These values show great variation. Although
rare, some cancers may grow so slowly that their size
at mammography may not change for 1 or 2 years.*"'
We also found an invasive lobular carcinoma which
showed slow progression over 30 months.

Cancers initially considered to be “probably
benign” eventually will be diagnosed early in their
course, while they still have a favorable prognosis.~**
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In our study, there were one case of invasive ductal
carcinoma, TINOMO, compatible with stage I and
one case of mvasive lobular carcinoma, TINIMO,
compatible with stage I1A."> Both patients carried good
prognosis. We found one LCIS, a high-risk lesions
associated with an increased risk of malignancy in
either breast. In general, it is not seen in both mammo-
gram and ultrasound and is likely to be an incidental
finding at excisional biopsy.®*

L.CIS = Lobular Carcinoma In Situ.

Ultrasound is a very useful adjunctive diagnos-
tic tool for detecting abnormality, particularly in dense
breasts, which significantly increased the sensitivity of
mammography for cancer detection." Ultrasound can
differentiate solid from cystic lesions. Thus, mammo-
graphic apperance of a mass which is shown to be a
simple cyst by subsequently ultrasound can be classi-
fied as category 2 with confidence. However, it can
depict internal echo within the cysts, a finding termed
complicated cysts, resulting in a classification as
category 3. This may be the reason why there are
many category 3 lesions in our practice.

Our study has several limitations. Firstly, there
were high percentage of lost data due to unavailable
medical records and many patients were lost to
follow-up. Secondly, considerable variation exists
among radiologists in the interpretation of the radio-
logie findings. More complete data collection, exten-
sive follow-up, and standardization of interpretation
ofradiologic findings should lead to more accurate
and reliable estimates of breast cancer prevalence in
future studies.

CONCLUSION

Our data suggest that the prevalence of breast
cancer in patients with BI-RADS category 3 is
extremely low, 1.e. 0.5%. All breast cancers found
subsequently were early stage breast cancers.
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DIAGNOSTIC PERFORMANCE OF ULTRASONOMETER FOR

EVALUATION OF OSTEOPOROSIS IN POSTMENOPAUSAL WOMEN

Somsri UARATANAWONG,' BSc. Somchai UARATANAWONG,? M.D.
Varodom BOONYAVISUT,' M.D.

ABSTRACT

Objects: To evaluate the diagnostic performance of quantitative ultrasound (QUS)
Study design: A diagnostic test (Cross-sectional descriptive study)

Methods: 324 postmenopausal women were evaluated for bone mineral density (BMD)
at the lumbar spine and femoral neck by dual energy X-ray absorptiometry (DEXA) at Nuclear
Medicine Division, Bangkok Metropolitan Administration and Vajira Hospital from January
2003-November 2004. BMDs were interpreted as osteoporosis by WHO criteria. The speed
of sound (SOS) was also measured at the distal third of radius by quantitative ultrasound
(QUS).

Results: The prevalence of osteoporosis in our study was 30.8%, sensitivity, specificity,
positive predictive value, negative predictive value and positive likelthood ratio were 62%,
91.5%, 76.5%, 84.4% and 7 respectively.

Conclusion:  SOS measurement at the distal third of radius by QUS had moderate sensitivity,
but had high specificity when use DEXA as a gold standard and use WHO T-score as a
reference. The highly specific test has been useful to confirm a diagnosis that has been suggested
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by other clinical data.

Key words:

Osteoporosis, Dual energy X-ray absorptiometry, Quantitative ultrasound

Foot notes: QUS = Quantitative Ultrasound
DEXA = Dual Energy X-ray Absorptiometry
SOS = Speed of sound
BMD = Bone Mineral Density

Osteoporosis is systemic skeletal disease
characterized by low bone mass and microarchitectural
deterioration of bone tissue, with a consequent increase
in bone fragility and susceptibility to fracture.' Itisa
significant cause of morbidity and mortality among
postmenopausal women and has a major effect on
the health economy worldwide.? Osteoporosis is a
growing concern due to the increased in the percen-
tage of aging in our population. It is therefore become
imperative to evaluate and diagnose patients with
osteoporosis so that preventive or therapeutic can be
instituted as soon as possible.

The clinical management of osteoporosis
relies heavily on the use of bone mass measurements,
including quantitative computerized tomography, dual
photon absorptiometry, radiographic absorptiometry,
and dual-energy X-ray absorptiometry (DEXA).
DEXA of the hip and spine has become the most
widely accepted technique for evaluation of the skele-
ton status. DEXA measurements have good preci-
sion and accuracy, low radiation exposure, and are
associated with hip and vertebral fracture risk.’
However, owing to these machines require dedicated
office space and can be expensive, they are not

" Nuclear Division, Department of Radiology, BMA Medical College and Vajira Hospital.
? Rheumatology Unit, Department of Medicine, BMA Medical College and Vajira Hospital
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always accessible and tend to be located mainly in
urban areas. To this end, several safe, precise, and
accurate methods have been developed. The use of
quantitative ultrasound (QUS) for the assessment of
skeleton status has been to be a continued interest in
recent years.** The attractiveness of QUS lies in its
low cost, portability, ease of use, and freedom from
1onizing radiation. It is possible that QUS may provide
additional information on bone property (structure and
strength) that is independent of BMD.!'*'? These
benefits combined with preliminary clinical results
showing good diagnostic sensitivity for fracture discri-
mination have encouraged further basic investigation.

There are essentially two approaches ultra-
sound assessment of bone: the first uses ultrasound
velocity or speed of sound (SOS) and the second
uses the frequency dependent attenuation. Ultrasound
velocity is determined as the quotient of transit time
and body part width or length and is quoted in meters
per second (m/s), it is commonly measured at the
calcaneus, tibia, patella, and phalanges. For frequency
dependent attenuation, it is determined at the
calcaneus. The attenuation parameter BUA is defined
as the slope of attenuation versus frequency in this
range and is reported in units of decibels per
megahurtz. SOS and attenuation are both correlated
with bone density and strength. Therefore, healthy
bone will have a higher SOS and attenuation whereas
osteoporotic bone will have a slower SOS and
attenuation. In general, velocity is easier to measure
and results in greater precision. Measurement of
attenuation usually requires more complex hardware
and results in less precised data.*

Recently, a quantitative ultrasound device that
measures speed of sound (SOS) at multiple skeletal
sites was introduced. Preliminary reports suggested
that of the different skeletal sites measured by this
device, the distal third of the radius is the preferred
measurement site for osteoporosis.'*'* In contrast to
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commomly used calcaneal QUS devices that evaluate
ultrasound properties perpendicular to the load
vector, determination of SOS along the radius seems
more relevant to the mechanical load that is applied
along the arm.

However, there 1s scarce studies in SOS
measurement at the distal third of the radius. The aim
of this study was to assess the diagnostic performance
of quantitative ultrasound (SOS) at the distal third of
the radius in detecting osteoporosis in Thai postmeno-
pausal women using dual energy x-ray absorptiometry
as the gold standard.

SUBJECTS AND METHODS
Subjects

The study included 324 Thai postmenopausal
women who attended Bangkok Metopolitan Adminis-
tration and Vajira Hospital from January 2003 to
November 2004. The study has been approved by
the Medical Ethics Committee of Bangkok Metro-
politan Administration, and written informed consent
is obtained from participants. Baseline data consist of
both demographic and clinical variables such as age,
height, weight, date of the last priod and duration of
postmenopause. Postmenopausal duration was the
period after the final menstrual period regardless of
whether it was spontaneous or induced, that was
duration of current age in years minus age at meno-
pause. Menopause was indicated after 12 consecutive
months of amenorrhea, regardless of pathological or
physiological cause. The study subject consisted of
two groups, osteoporotic and non-osteoporotic. The
osteoporotic group (n=100) was comprised of post-
menopausal females with a BMD more than 2.5
standard deviations (SD) below the mean young
normal bone mass (T-score) at the lumbar spine and/
or femoral neck as determined by the Lunar norma-
tive database. Vital signs, height, and weight were

BMD =Bone Mineral Density, BUA = Broad band Ultrasound Attenuation, SOS = Speed of Sound,
SD  =Standard Diviation, QUS = Quantitative Ultrasound

46



THE ASEAN JOURNAL OF RADIOLOGY

collected. Subjects who met all inclusion and exclu-
sion criteria underwent a DEXA scan of the hip and
posteroanterior spine and quantitative ultrasound
(SOS) of the left distal third of the radius.

Exclusion criteria included diseases or
conditions known to affect bone health, including
chronic kidney disease, long-term immobilization,
smoking, and medications (fluoride, calcitonin, bispho-
sphonates, corticosteroids, thiazides, anticoagulants).
Appropriate informed consent forms were obtained
from every subject. Each postmenopausal women was
undergone both DEXA and QUS measurements by
independent radiological technologist.

Quantitative ultrasound (bone sonometry)

Measurements of the velocity of the ultra-
sound wave, expressed as speed of sound (SOS) in
m/s, were done using quantitative ultrasound (The
Sunlight Omnisense™ 7000S Bone sonometer device,
Israel) at distal third of radius. It is designed to
measure SOS of ultrasonic waves axially transmitted
along bones. The ultrasound wave are conducted along
the bone and then detected by two different transdu-
cers assembled within the probe. By measuring the
propagation times along the different trajectories,
originating at one of the transmitting transducers and
arriving at one of the receiving transducers, the SOS
of the bone is determined. The non-dominant side
was uniformly used for examination, left usually,
unless a history of fracture was present. Each value
recorded was the mean of 3 consecutive determina-
tions. The total scanning time with analysis took no
more than 5 minutes.
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QUS quality controls suggested by the manu-
facturer were carried out daily before the examina-
tions. To quantify the precision error of this instru-
ment, the instrument precision underwent a total of
three measurements without repositioning in 18
subjects. The repositioning/interobserver precision
underwent a total of three measurements of each in
the same day by three technologists. The short term
precision underwent one measurement on 5 separate
days within one week period in 10 subjects. The
instrument precision was 0.47%. The interobserver
precision was 0.38-0.47%. The short term precision
was 0.43%.

Dual energy x-ray absorptiometric measure-
ments

Bone mineral measurements with DEXA
were performed with a bone densitometer with a
Lunar DPX-L (Lunar Radiation Corporation, Madi-
son, WI, USA) at the lumbar spine (L2-L4) and the
left proximal femur (femoral neck). The machine was
calibrated daily using a quality assurance phantom.
The precision error of the technique expressed as CV
was 0.5% for the lumbar spine phantom and 1.3%
for the hip phantom.

To ascertain whether the SOS values could
identify osteoporotic and non-osteoporotic groups,
the SOS mean and standard deviation were calcu-
lated for each group. Comparison between groups
was made using an unpaired two-tailed Student’s
t-test. The Pearson correlation coefficients were
calculated for weight, BMI, SOS, lumbar spine BMD
and proximal femoral BMD. Data are expressed as
mean £SD. A p value < (.05 was considered statis-
tically significant.

DEXA = Dual energy X-ray Absorptiometry, SOS = Speed of Sound, QUS = Quantitative Ultrasound,
CV  =Coeffieient of Variation, BMI = Body Mass Index



THE ASEAN JOURNAL OF RADIOLOGY

JAN. - APR. 2005. Volume XI Number |

RESULTS

TABLE 1 Demographic of study population (n=324 ) (meantSD, range)
Age (years) 59.6x£10.19 39to 97
Years since menopause 10.7£8.96 1 to 50
Age at menopause 48.9+3.06 33to 55
Body weight (Kg) 55.749.28 32t092
Height (cm) 152.1+8.19 152 to172
Body mass index (Kg/m?) 23.943.79 16 to 40.3
L-spine BMD (g/cm?) 0.980+0.19 0.959 to 1.002
L-spine BMD (T-score) -1.163%1.59 -1.347t0 -0.993
FN BMD (g/cm?) 0.645+0.66 0.572t0 0.718
FN BMD (T-score) -1.169£1.25 -1.312to -1.034
Left forearm SOS (m/s) 4043.39+157.13 3658 to 4468
Left forearm T-score -1.255+£1.37 -1.406 to -1.105

TABLE 2 WHO criteria for lumbar spine/ Femoral neck BMD
Non-osteoporosis (n=224) Osteoporosis (n=100) p-value
T-score 2 -2.5 T-score < -2.5

Age (years) 56.1+£7.73 67.2+10.39 <0.001
Years since menopause 7.8+6.86 17.449.56 <0.001
Age at menopause 48.3+3.02 50.3+2.68 <0.001
Body weight (Kg) 57.449.11 51.345.7 <0.001
Body mass index (Kg/m?) 24.313.82 23.244.29 <0.05
L- spine BMD (g/cm?) 1.064+0.16 0.788+0.11 <0.001
L- spine BMD (T-score) -0.46+1.51 -2.75+0.91 <0.001
FNBMD 0.824+0.122 0.611+9.72 <0.001
FN BMD (T-score) -0.634+1.00 -2.371+0.86 <0.001
Left forearm SOS (m/s) 4099+124 3919+151 <0.001
Left forearm (T-score) 0.77£1.08 -2.34+1.34 <0.001

Values are the meantSD, LS= lumbar spine; FN= femoral neck; BMD= bone mineral density

DEXA = Dual Energy X-ray Absorptionretry, QUS = Quantitative Ultrasound, FN = Fermoral Neek
SOS (m/s) = Speed of Sound (meter/sec), CV = Coeffieient of Variation, BMI =Body Mass Index
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TABLE 3 The characteristics of diagnostic performance taking QUS and DEXA-BMD

QUS (Test) DEXA Total
T-score<-2.5 T-score>-2.5
T-score<-2.5 62 19 81
T-score>-2.5 38 205 243
Total 100 224 324
QuUS = Ouantitative Ultrasound
DEXA = Dual energy X-ray Absorptiometry
FN = Femoral neek

TABLE 4 Correlation coefficients between age, body weight, BMI, LS and FN BMD, and wrist SOS

Age Meno dura Wit BMI Wr-SOS BMD_FN BMD-LS

Wr-SOS Pearson -507* - 466* 105 007 1.000 068 527+

Correlation

Sig. (2-tailed)  .000 000 059 898 ; 225 000

N 3 32 322 2 32 318 321
BMD-FN  Pearson -115 -070 225 209 068 1.000 363

Correlation

Sig. (2-tailed) 039 214 000 .000 225 ; 000

N 320 320 320 320 318 320 318
BMD-LS Pearson -454* -450* 378 s 527 363* 1.000

Correlation

Sig. (2-tailed) .000 1000 000 .000 .000 000 a

N n 32 2 32 321 318 32
Wt Pearson -243 -248 1.000 874 105 25 378

Correlation

Sig. (2-tailed) .000 1000 i 000 059 000 000

N 324 324 324 324 2 320 32
BMI Pearson -048 -047 874 1.000 007 209 22

Correlation

Sig.(2-tailed) 387 403 000 . .898 000 .000

N 324 324 324 324 22 320 322

* Correlation is significant at the 0.05 level (2-tailed).
Meno dura = duration of menopause, Wt= weight, BMD=bone mineral density, LS=lumbar spine,
FN=femoral neck, BMI=body mass index, Wr= Wrist
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A total of 324 postmenopausal women in
Bangkok Metropolitan Administration Medical
College and Vajira Hospital were participated. As
shown in Table 1, their average age, BMI, age at
menopause, duration of menopause, lumbar spine and
femoral neck BMD, and SOS at the wrist, were 59.6
years, 23.9,48.9 years, 10.7 years, 0.980+0.96 g/m”,
0.645+0.57 g/m*and 4043m/sec respectively.

As displayed in Table 2, the women were
classified by the WHO criteria for BMD at the lumbar
spine and/or femoral neck to non-osteoporosis and
osteoporosis. There were significant differences among
the groups in term of age, years since menopause,
age at menopause, BMI, SOS and BMD at the lumbar
spine and femoral neck.

BMDs were measured in 324 postmeno-
pausal women by DEXA as a gold standard and by
QUS measurement as a new diagnostic test. The
prevalence of osteoporosis was 30.8%. False positive
rate is 8.4%, and false negative rate is 38%. The
sensitivity of QUS using DEXA as the gold standard
was moderate (62%) but had high specificity (91.5%).
The probability that the subjects with a positive test
result would have the osteoporosis (positive predic-
tive value) was 76.5% and the probability that an
individual with a negative test result would not have
the osteoporosis (negative predictive value) was
84.4%. The chance of test positive if the subject has
disease (LR+) is 7 times to the chance of a positive
result if the subjects do not have disease (Table 3).

Correlation coefticients for BMD and SOS
between different anatomic sites are shown in Table
4 Lumbar spine and femoral neck BMD had a corre-
lation 0f 0.363. SOS correlated better with lumbar
spine BMD (0.527) than with femoral neck BMD.
Both age and duration of menopause were negatively
correlated with SOS (-0.507 and -0.466) and lumbar
BMD (-0.454 and —0.450).
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DISCUSSION

Much less has been published about QUS
(SOS) at the distal third of the radius.

In our study, SOS and BMDs (lumbar spine
and femoral neck) have been shown to be significantly
decreased in women with osteoporosis which
compatible withmany studies.""* Our results are similar
to study of Weiss et al who used the same method
and site.

The objective of this study 1s to determine the
diagnostic performance of QUS (SOS) radius mea-
surement in the case finding of osteoporosis in postme-
nopausal women using DEXA as gold standard. To
assess the diagnostic performance, we use the accu-
racy of the test, which 1s the correspondence with
sensitivity and specificity. In this study we found that
QUS at the distal third of radius had a moderate sensiti-
vity (62%) for predicting BMD- osteoporosis, but had
a high specificity (91.5%). In study of Benitez CL et
al,' the sensitivity and specificity were 84% and 50%
respectively. They studied QUS (SOS) at the proximal
phalanxes in 206 postmenopausal Mexican-Ameri-
can women. Massie A et al'’” found that only 44% of
the perimenopausal women whose spinal DEXA falls
within the lowest quartile being in the lowest quartile
of BUA ofthe calcaneus. Difference in results might
be from population, measurement technique and site.
In our study the high specific test (QUS) has been
useful to confirm (rule in) a diagnosis that has been
suggested by other chinical data. This is because highly
specific testis rarely positive in the absence of disease
- that s, it gives low false positive results. Therefore,
DEXA examination could be avoided if procedure
with QUS is performed at the beginning of a diagnostic
work-up. Inthis study positive predictive value (76.5
%) was relatively low for QUS asa predictor of BMD
-defined osteoporosis. This might be because of a test
with high specificity (low false positive among the

BMD =Bone Mineral Density, SOS = Speed of Sound, DEXA = Dual energy X-ray Absorptionretry,

(LR+) = positive Lihulthood Ratio
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disease free) could have low positive predictive value
if the ratio of disease-free to disease subjects was

high.'*

The likelihood ratio for a particular ratio of a
diagnostic test is defined as the probability of that test
result in people with disease divided by the probability
of the result in people without disease. Likelthood
expresses how many times more (less) likely a test
reszult is to be found in disease compared with non-
disease people.'® In this study the positive likelthood
ratio was 7.0 which meant that a subject with positive
test was 7 times more likely to occur osteoporosis
than one without it. A high likelihood ratio for a posi-
tive result has shown that the test (QUS) provided
useful information.

The correlation of radius QUS and DEXA at
the lumbar spine was modest (0.53) and was better
than at the femoral neck. One of the reasons for
different correlation between sites is probably bone
composition. The correlation between QUS and BMD
measurements has been examined in several studies.
Depending on the population studied, method (SOS
or BUA) and the site of measurement (calcaneus,
radius, phalanx), correlation was ranged from 0.29
to 0‘90.1§.IT,|0.2I

DEXA is presently the standard method for
assessing BMD. The technique provides an apparent
area density (BMD) calculated as bone mineral content
/bone area and expresses density as g/cm , therefore
the standard DEXA technique measures not true bone
mineral density (g/cm ), but rather areal density(g/cm ).
In contrast to bone density measurements, QUS which
1s mechanical wave may have greater potential to
assess of three dimensional structure and strength.'*
This advantage is especially significant for some chronic
(rheumatic) disorders associated with bone growth;
when comparing 2 bones of different sizes but with
the same mineral content, the larger will show artifi-

BUA
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cially higher BMD than the smaller one. Thus, QUS
appeared to be less dependent on anthropometric
parameters.

In conclusion, our study was a cross-sectional
study on a postmenopausal population that needs to
be further validated with larger groups. However,
promising results were seen in the application of
radius QUS as to confirm (rule in) a diagnosis of
osteoporosis that has been suggested by other clinical
data. The application of QUS will help to prevent
unnecessary DEXA. A low cost, portable and radia-
tion-free screening tool would also be beneficial for
the assessment of the skeletal status in much of the
population.
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EXTRALUMINAL MIGRATORY UPPER CERVICAL
ESOPHAGEAL FISHBONE

Lojana TUNTIYATORN, MD'
Chalermchai CHINTRAKARN, MD?

ABSTRACT

Ingested foreign bodies which migrate extraluminally are rare occurrences. If
untreated, they may result in life threatening complications. The patient presented with a history
of swallowing a fishbone which migrated extraluminally. CT 1s invaluable tool in localizing the
foreign body and inflammatory changes of the neighbouring soft tissue for external exploration.
We also reviewed sensitivity and specificity of plain radiograph and computed tomography for

impacted fishbone.

INTRODUCTION

Fish bones are the most common upper
aerodigastric and esophageal foreign body found in
adult. Usually these bones can pass through the GI
tract, but lodgement can occur at the various areas.
Potential complications including esophageal perfora-
tion, mediastinitis, cervical or mediastinal abcess,
emphysema, esophago-tracheal fistula and sepsis are
rare but catastrophic. Extraluminal migration to the
parapharyngeal or prevertebral soft tissue requiring
an external approach for removal is unusual. Suitable
imaging modalities can assist the surgeon in this
awkward problem for localization of'the site of the
migrated fish bone. We present a case of accidental
ingestion of the fish bone with penetrating the cervical
esophagus and complete extraluminal migration.

CASE REPORT

A 61-year-old women was presented with
1-day history of sudden onset of throat pain after eating
fish head. She felt a sensation of foreign body impac-
tion. Although she initially ate large rice bolus in
attempt to dislodge a possible retained fish bone, the
pain was gradually increased and was associated with

odynophagia and dysphonia. She had no cough,
fever or respiratory difficulties.

On physical examination, the patient was
afebrile and hemodynamically stable. No tenderness,
neck mass, cellulitis or lymphadenopathy at the neck
can be demonstrated. The oropharynx shows mild
enlargement of the tonsils.

Indirect laryngoscope did not found the
fishbone or any pathology at the oropharynx,
hypopharynx or larynx. The true vocal cord showed
normal movement.

Lateral and AP neck radiograph, soft tissue
technique were taken. These revealed a thin linear
opaque foreign body in the prevertebral space at the
level of seventh cervical vertebra associated with sofi
tissue widening. (Fig.1)

The patient was admitted for exammination
under anesthesia. The direct laryngoscope and eso-
phagoscope were performed. The pharynx, larynx and
pyriform sinus are unremarkable. There was mild

' Department of radiology, Ramathibodi hospital, Mahidol University, Bangkok 10400
* Department of otolaryngology, Ramathibodi hospital, Mahidol University, Bangkok 10400
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swelling at the posterior wall of the esophagus but no
foreign body could be found. Repeated lateral and AP
neck, soft tissue technique revealed retained and un-
changed in position of the opaque foreign body as
well as prevertebral soft tissue swelling. Second direct
laryngoscope and esophagoscope were done in the
next following day. Still seen was mild inflammation
of the posterior wall of the esophagus but no foreign
body could be found. Accidentally, minimal mucosal
tear at the posterior esophageal wall was done during
passing esophagoscope. The procedure was stopped.
She developed febrile and tenderness at the thyroid
region in the next two following days. Intravenous
rehydration and antibiotics were obtained. In order
to have a better localization of the foreign body, thin

& | ‘.
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slice contrast axial MDCT scan was performed with
coronal and sagittal recontruction. It revealed pene-
trating fish bone, 15 mm in length at the left preverte-
bral space adjacent to the posterior wall of the esopha-
gus but external to the esophagus and outside the lumen
at C7 level. Associated surrounding thin fluid collec-
tion was seen without demonstrable gas or abscess.
(Fig.2) The patient was obtained external neck explora-
tion under anesthesia. The fish bone, 1.5 cm in length
was found within the left prevertebral soft tissue nearby
the carotid artery. The thyroid gland, the left carotid
artery and the left recurrent laryngeal nerve are preser-
ved. The fish bone was removed. Recovery was un-
eventful. Fever, pain and odynophagia were disappea-
red. The patient was discharged with oral antibiotics.

Fig.1 AP and lateral neck soft tissue technique demonstrating radio
-opaque fish bone at the prevertebral soft tissue at the level of C7

P
L)

Fig.2 Axial (A)and coro-
nal (B) computed
tomography scan.

!
J

; The fish bone

‘ 1 (arrow) is clearly

! seen outside the
t_ esophagus in the
Y left prevertebral

space associated
with soft tissue
edema.(arrowhead)
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DISCUSSION (AND REVIEW ARTICLES)

Fish bones are the most common foreign
bodies found in upper aerodigastric tracts in adult,
comprising 31% of cases found to have retained
foreign body. Symptoms including a sudden onset of
discomfort while eating, with progressiveness of
symptoms, otalgia and unable to swallow saliva are
commonly found. The common sites of impaction are
tonsils, esophagus, hypopharynx, posterior third of
the tongue and vallecula in order of freguencies.' Physi-
cal examination will catch the majority of the fish bones
in tonsils and posterior tongue. It needs emergency
fiberoptic laryngoscope or flexible esophagoscope for
diagnosis and retrieval in the rest.” However it requires
a general anesthesia and there is some risk of perfora-
tion. To prevent the unnecessary interventions, imagings
are commonly ordered to locate the foreign body.

In clinical practice, lateral neck radiography
1s recommended if mirror examination is difficult or
fail to reveal a foreign body. However, Evan RM et al
assessed that the sensitivity, specificity and positive
value of radiography for impacted fish bone are 25.3%,
86% and 72.7% respectively.® Visualization is depen-
dent on the degree of radio-opacity of various species
of the bones, size of the bones, location of impaction,
orientation of the bone, presence ofair and soft tissue
swelling around the suspected foreign body. Sea fish
bones contain more calcium than fresh water fish
bones. The larger fish obviously will have bigger
bones. Location in the pyriform sinus and orientation
of the bone parallel to the film diminish the visibi-
lity.*547 Barium swallowing with cotton pledgets is
another imaging in case of negative plain radiography.
The major problem is that it coats the esophagus and
makes the subseguent esophagoscope or other
examination very difficult.

The usefulness of computed tomography in
the diagnosis of fishbone impaction in esophagus,
presented in Japan (Oct 1997) clearly demonstrated
impacted fishbones in all patients but plain X-ray failed
to demonstrated in 56% of cases. CT can not only
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show existence and location of the fishbone but also
visualization of the damage or secondarily induced
inflammatory changes in the neighbouring structures,
such as retropharyngeal abscess. CT can provide very
useful information for the diagnosis of dreadful comp-
lications, such as mediastinitis, lung abscess, esopha-
geal carotid artery fistula or esophageal aorta fistula.®
Unenhanced CT with soft tissue and bone windows
may replace the barium swallowing because of better
detection of thin, small, minimally calcified foreign
bodies. In addition, it is readily available, rapid and
exposes the patient to less radiation than barium
swallowing.’

Foreign bodies may be classified as intralu-
minal, impacted, penetrating or complete extraluminal.
Extraluminal migration of foreign body is the most
unusual. The cricopharyngeal sphincter region of the
cervical esophagus is the common site of perfora-
tion.'® Most penetrating foreign body is typically
linear, sharp and pointed type which would logically
cause less resistance on traveling through the soft
tissue. More irregular shaped foreign bodies such as
chicken or duck bones are less likely to migrate
through the soft tissue. The previously reports revealed
accidental ingestion of sharp metallic object and
fishbone with complete extraluminal migration respec-
tively.''2

Our case was presented with extraluminal
migration of the fishbone through the cricopharyngeal
splinctor region of the cervical esophagus into the lefi
prevertebral space associated with soft tissue edema.
The mechanisms by which the foreign body appeared
to be propelled through the soft tissue could be due
to combination of esophageal peristalsis and inges-
tion of large bolus of food after impaction. After the
fishbone was not found by twice direct laryngoscope
and esophagoscope, plain radiography confirmed the
presence of the retained fish bone. The CT scan of
the neck with and without contrast was the investiga-
tion of choice to serve as a road map for localizing
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the foreign body. Having confirmed that the foreign
body 1s extraluminal, exploration and removal of the
foreign body via the external approach was performed
to avoid life threatening complication. She became
afebrile and was discharged in the next two days.

Based on this case we would suggest that
when a patient presents with a suspected ingested
sharp foreign body in the neck, a three-stages approach
1s used. First, a detail history with a thorough exami-
nation of upper airway including indirect and transnasal
fiber-optic pharyngolaryngoscopy are to be done. If
the foreign body can not be demonstrated, lateral and
PA neck radiography are indicated. Secondly, reexam-
mination of the pharynx and esophagus under general
anesthesia should be undertaken and the object
removed ifit1s accessible. If the foreign body 1s not
seen in the lumen, CT scan should be considered.
Thirdly, external approach may be performed using
CT as a road map.
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CORONARY ANOMALIES: CASE REPORTS AND LITERATURE REVIEW

Jaturat KANPITTAYA' MD, Christoph R BECKER? MD,
Bernd J WINTERSPERGER? MD, Maximilian F REISER? MD

ABSTRACT

This was a retrospective, descriptive review and analysis of two cases of coronary
anomalies to demonstrate the effectiveness of visualizing coronary anomalies using multislices,
computed tomography (MSCT). Unique were: 1) Ananomaly of'the left circumflex coronary
artery arising from the right anterior coronary sinus with an anomalous retro-aortic course. 2)
The absence of the common left main coronary arterial trunk, with a split origin at the left
anterior descending artery and the left circumflex coronary artery. The ramifications of this
report is that coronary anomalies are well depicted using CT, helping to avoid iatrogenic

events during coronary interventions.

Keywords: Coronary anomalies; Multislices spiral CT (MSCT); Coronary angiography

INTRODUCTION

The incidence of coronary anomalies in
patients undergoing coronary angiography varies
between 0.4 and 1.3%."”” Many of these anomalies
are clinically benign; however, others are associated
with serious morbidity and may cause sudden death.®
Previous reports indicate that coronary anomalies are
involved in 12% of sports-related sudden cardiac
deaths vs. 1.2% of non-sports-related deaths.*'® We
report two coronary anomalies discovered by MSCT

coronary anglography.
MATERIAL AND METHOD

Retrospective, descriptive reviews were
performed on two cases of coronary anomalies
examined by MSCT coronary angiography (using a
Somatom 16 scanner) with a 420 ms gantry rotation.
The studies were accomplished using retrospective
ECG gating. A B-blocker was used to prepare the
patients as the target heart rate was < 60 beats per

minute. The scan protocol included a 0.75 mm
collimation, 120 kV, 750 mAs, with 0.42 s rotations
at an 8 s delay, a 1 mm slice thickness, a 0.5 mm
distance and a B20fkernel.

The examination area covered the tracheal
bifurcation down to the base of the heart while we
conducted the preliminary coronary calcium score
examination. Anadditional CT angiography (CTA)
study was done with an intravenous contrast injection
(110 mL) by which a 4 mL/s flow rate was deter-
mined. Image post-processing was done with a
maximum intensity projection (MIP) and the recon-
structed images included three different planes; similar
to standard cardiac catheter projections (viz. the right
anterior oblique RAQ, the left anterior oblique LAO
and the spider view). Additional surface-shaded
display images (i.e. in space) were done to obtain
more information on the coronary vessels.

! Department of Radiology, Srinagarind Hospital, Khon Kaen University, Khon Kaen, 40002, Thailand,
? Department of Clinical Radiology, University of Munich-Grosshadern, Munich, 81377, Germany.
Correspondence: Dr. Jaturat Kanpittaya, Department of Radiology, Faculty of Medicine, Khon Kaen University, 40002, THAILAND.
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CASE REPORTS

We report on two German nationals in whom
anomalies of their coronary vessels were discovered.

The first case was a 65-year-old male with
an anomaly of the left circumflex coronary artery
(LCX) arising from the right anterior coronary sinus
with an anomalous retroaortic course (Figures 1-6).
Spotty calcification of the LCX was evident.

JAN. - APR. 2005. Volume X1 Number |

The second case was of a 46-year-old male
with a missing left main coronary arterial trunk,
replaced by a split origin for both the left anterior
descending artery (LAD) and LCX (Figures 7-9).
Additional findings of spotty calcification of the LAD
and long type calcification of the diagonal branch were
observed (Figure 8)

Fig.1 Curved multiplanarrefor- Fig.2 Curved MPR imageshows Fig.3 Curved MPR image shows

mation (MPR)1mage ofthe the LCX arising from right retroaortic course of the LCX
normal right coronary artery coronary sinus
(RCA)

Fig4 Axial MSCT image displays retro-aortic
course of the LCX
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Fig.5 Shaded-surface 3D display of the heart and
coronary artery depicts anomaly of the LCX
arising from the right coronary sinus with
retroaortic course
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Fig.6 Shaded-surface display image showsretro-  Fig.7 Axial MSCT image shows absent of lefl main
aortic course of the LCX coronary artery and split origin of the LAD
and LCX

Fig.8 Axial MSCT image displays spotty calcifica-  Fig.9 Shaded-surface 3D image demonstrates spht
tion of the LAD and long type calcification of origin of the LAD and LCX
diagonal branch

59



THE ASEAN JOURNAL OF RADIOLOGY

DISCUSSION

In adults, congenital coronary anomalies are
observed with a frequency of ~0.8%. Among these,
the left circumflex coronary artery, originating from
the right coronary sinus, comprises of more than half
of the anomalies.'' Some reports indicate a similar
split-origin of the LAD and LCX constitutes about
35% of anomalies.®

Most patients with coronary anomalies are
asymptomatic; however, some are associated with
serious morbidity. Knowledgeable awareness of these
variations is crucial during invasive catheterization or

bypass surgery.

Coronary anomalies are well depicted by
MSCT coronary angiography, so the modality is useful
for avoiding iatrogenic events during coronary inter-
ventions.
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EOSINOPHILIC GRANULOMA OF THE COLON
SIMULATING CARCINOMA

Nitaya THONGSIBKAO, M.D.!

ABSTRACT

Eosinophilic granuloma of the colon was diagnosed in a 66-year-old woman,
presented with chronic abdominal pain. Barium enema study showed concentric mass with
sinus tract. Left hemicolectomy was performed because of carcinomatous appearance and
the histopathology revealed eosinophilic granulomatous infiltration of the colon.

Keywords: Eosinophilic granuloma, colon, barium enema

INTRODUCTION

Eosinophilic granulomatous infiltration of the
gastrointestinal tract is uncommon disease, and
frequently involves the stomach and the small
intestine. The colon is rarely involved. This is a case
report of eosinophilic granuloma of the colon. The
contrast radiographic examinations and the histopa-
thology were illustrated.

CASE REPORT

A 66-year-old Thai female patient presented
with chronic abdominal pain for 1 year. She was
diagnosed to have dyspepsia and relief symptoms by
medical treatment. In this admission, she complained
about severe left upper quadrant pain.

Physical examination showed left upper
quadrant tenderness.

The basic laboratories were normal. There
was no leukocytosis or peripheral eosinophilia. CEA
was within normal limit. CXR and plain abdomen were
unremarkable.

Upper GI study and small bowel follow
through revealed diverticula at second and third part
of duodenum. The remainders were unremarkable.
(Figure 1)

Small bowel follow through shows
duodenal diverticula at second and third
part (black arrows).

Fig.1

' Department of Radiology, Buddhachinnaraj hospital, Muang, Phitsanulok 65000, Thailand.
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Barium enema study revealed smooth Intraoperatively, 4-cm firm to hard mass of
concentric submucosal mass, 4 cm long, at the  the descending colon was seen. This looked like
descending colon. There was a sinus tract deepto  carcinoma, so that left hemicolectomy was performed.
the mass, 1.5 cm long. This radiographic study was
mimicking carcinoma. (Figure2-3)

L3
Lpf
TREURE

Fig.2 (A and B)Overhead films of barium enema study show con-
centric submucosal mass at descending colon (white arrows)

. =
Fig.3 (A-C) Spot films at the lesion of descending colon.

A: Smooth concentric mass (white arrow) represents
submucosal lesion.

B: Subsequent film shows sinus tract (arrowhead)
deep into the submucosal mass (white arrow)

C: Post-evacuation film shows more barium filled
in the sinus tract (arrowhead)
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A
Fig.4A
Fig.4B
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Low magnification demonstrates granuloma with central necrosis.
High magnification reveals granuloma with central neutrophilic aggregates and

necrosis. The surrounding tissue exhibits some eosinophils, lymphocytes and

plasmacells.

At histopathology, the segment of colon, 34
cm long, showed a 4 cm long infiltrative gray-brown
lesion, involving the whole circumference, at 14 cm
far from one end. The lesion was 1-2 cm thick and
extended to pericolic fat. The lumen was markedly
narrow. Some small pericolic lymph nodes, 0.1-0.5
cm in diameter, were dissected. Microscopic examina-
tion revealed extensive inflammatory cell infiltration in
the bowel wall, including predominantly eosinophils,
lymphocytes and plasma cells, as well as some granu-
lomas with central neutrophilic aggregation and
necrosis (figures 4). The lesion was most likely para-
sitic tract, although no parasite was found.

The patient had a complete recovery, post-
operatively without complication.

DISCUSSION

Eosinophillic gastroenteritis is an unusual
condition, characterized by eosinophillic infiltration of
the gastrointestinal tract. The most common sites of
involvement are the stomach and the small intestine.
The colon and esophagus are rarely involved. About
half of patients have allergic disease and there are
leukocytosis and peripheral eosinophilia.****+* Some
are associated with causative agents such as parasitic

63

infestations from anisariasis, angiostrongiliasis,
gnathostomiasis, hookworm and other nematodes,
particularly in the edemic area.'-*51%202! This disor-
der may be associated with autormmune connective-
tissue diseases, such as scleroderma, dermatomyositis
and polymyositis.®*

Chinical symptoms are related to the site and
extent of the gastrointestinal involvement, such as
abdominal pain, nausea, vomiting, GI bleeding,
diarrhea, malabsorption, bowel obstruction, bowel
perforation and peritonitis, *9-13.15-17.19-22

For this case, eosinophilic granulomatous
infiltration of the colon 1s thought to be caused by
parasitic infestation although the larvae or parasites
can not be demonstrated at the histopathologic
pictures. In the literature, some cases could be diagno-
sed from a history of raw food or causative fish
ingestion for few hours to few days, before the onset
of symptom, together with radiologic findings and
particularly histopathologic pictures. The remainder
could be diagnosed from history, radiologic examina-
tion and IgE antibody to the parasite.' >**!"'* Unfortu-
nately, inmy institute there is no facilities for serologic
examination.
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The radiologic findings of eosinophilic gastro-
enteritis are mucosal edema, nodularities, thickening
folds, submucosal mass, narrowing, rigidity and some-
times together with bowel obstruction.' %2418 The
rarity of eosinophic gastroenteritis, non-specific
presenting features and radiologic findings make it
easy to be misdiagnosed initially as a malignant
tumor,*”1%?! as in this case. The presence of peripheral
eosinophilia may be helpful in establishing the diagno-
sis, but it could be normal in about 25% of the cases.
The other disorders that may be accompanied by
eosinophilia are for examples parasitic infection,
vasculitis, lymphoma, carcinoma or inflammatory
bowel diseases. The IgE antibody to parasite is helpful
in the suspicious cases.

In conclusion, eosinophic granuloma 1s one
of the differential diagnosis of submucosal mass,
among stromal tumors, lymphoma and carcinoma
particularly in the patient, who resides in the endemic
area of parasitic infestation or who has allergic history.
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