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TECHNETIUM-99M SESTAMIBI (”MTC MIBI) SINGLE-PHOTON
EMISSION COMPUTERIZE TOMOGRAPHY IN THE DETECTION
OF NASOPHARYNGEAL CARCINOMA

Sunanta CHIEWVIT, MD.! Supatra SANGRUCHI, MD.? Vutisiri VEERASARN, MD.?
Nan SUNTORNPONG, MD.? Mongkol UIPRASERTKUL, MD." Ruentip TIPPAROJ, B.sc.'
Vacharin RATANAMART, MD.'

ABSTRACT

Nasopharyngeal carcinoma 1s a radiosensitive tumor. Recurrence after radio-
therapy 1s a common cause of treatment failure. Early diagnosis and accurate identifica-
tion of residual/ recurrent disease are essential for proper patient management. It is
radiobiologically necessary to booster the irradiation dose or using combined therapy
for the persistent tumor after the initial course of radiotherapy. CT and MRI cannot be
used in the evaluation of response to therapy in NPC. Positron Emission Tomography
(PET) have proved to be valuable as metabolic imaging tracer, however, their restricted
availability and high cost are inherent limitations to their uses. We evaluated *"Tc MIBI
in identifying primary tumor, neck node metastases, distance metastasis and recurrence
of the diseased after therapy in NPC patients. The sensitivity and specificity in identify-
ing primary tumor were 100% and 33% respectively. ”"Tc MIBI scintigraphy can detect
neck nodes metastasis 13 of 15 cases. One case of lung metastases and two cases of liver
metastases can be detected by”™Tc MIBI scintigraphy in our study. The sensitivity and
specificity in identifying recurrence or residual tumor in pre and post treatment group

and post-treatment group were 100%, 80% and 100%, 60% respectively.

The incidence of of nasopharyngeal
carcinoma (NPC) in statistical report 1997 from
Tumor Registry Siriraj Cancer Center is 3.11 %'
of all cancer. NPC is a potentially curable disease
using combined modality treatment. Radiotherapy
is the primary treatment modality for all locally
and regionally confined stages. Systemic chemo-
therapy has been added to radiotherapy in
locoregionally advanced and systemic metastasis
diseases. Follow up after treatment of NPC are
important in improving of survival rates. Early
diagnosis and accurate identification of residual/
recurrent disease in patient with NPC are essen-
tial for proper patient management. Proper

assessment of primary and metastatic NPC
requires clinical/ fiberoptic examination followed
by biopsy. Computed tomography (CT) or
Magnetic resonance imaging (MRI) are the imag-
ing to outline the anatomical planes involved by
disease. CT/ MRI is the investigation of choice
for accurate locoregional staging at initial
presentation. CT cannot differentiate between
inflammation, post-radiation fibrosis and
recurrent disease. Although MRI may be useful
in distinguishing between radiation fibrosis aud
recurrent disease, inflammatory changes and
infection may simulate tumor recurrence. The
presence of residual masses is 45% - 65% of

~Division of Nuclear Medicine, Department of Radiology. Faculty of Medicine, Siriraj Hospital, Mahidol University
_Duvision of Radiotherapy. Department of Radiology. Faculty of Medicine, Siriraj Hospital, Mahidol University
" Department of Pathology. Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok Thailand, 10700
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patients after therapy.? Incomplete eradication of
locoregional disease results in further tumor
growth and mutation that may lead to high meta-
static propensity. It is radiobiologically necessary
to retreat persistent tumors after the initial course
of radiotherapy.’ The target volume and required
radiation dose will be smaller.** Thus more
precise imaging modalities that could be used as
a gold standard for differentiating viable tumor
from post-therapy changes may detect those
patients requiring additional therapy so that both
unnecessary further treatment options and subop-
timal therapy can be avoided. Unnecessary fur-
ther treatment may cause early or late morbidity
that can significantly reduce patient’s quality of
life. Positron emission tomography (PET) tracers
such as fluorine-18-fluorodeoxy-glucose and car-
bon-11 methionine have proved valuable as meta-
bolic imaging tracer, however, their restricted
availability and high cost are inherent limitations
to their uses.®” Technetium 99m methoxyisobyltyl
isonitile (***Tc MIBI) and Thallium-201 (TI1-201)
single photon emission computerize tomography
(SPECT) were accurated in detecting regional
recurrence and distance metastasis.® *™Tc MIBI
is taken up by cancer cells by an active transport

MAY. - AUG 2000. Volume VI Number Il

mechanism and stored in the mitochondria and
cytoplasm. Mitochondrial and plasma membrane
potentials of tumor cell, and cellular mitochon-
drial content can play a significant role in tumor
uptake of " Tc MIBI or uptake may be caused by
an indirect phenomenon such as increased tumor
blood flow and capillary permeability.’ The study
evaluated” Tc MIBI as a potential agent for the
diagnosis of primary tumors, lymph node
metastases, distance metastases and local recur-
rence in nasopharyngeal carcinoma.

MATERIALS AND METHODS
PATIENTS

Thirty-three patients with histologically
proven nasopharyngeal cancer and 3 patients with
histologically proven metastatic squamous cell
carcinoma to neck nodes were included in the
study. Six patient were studied in both pre and post
treatment. There were 22 patients studied prior to
radiation treatment only. Eight patients were stud-
ied after treatment. The detail statuses of the pa-
tients were presented in table 1

Table 1 The detail status of the patients in 3 groups (pre and post treatment group, pre treatment group,

and post treatment group)

Group Sex Histologic cell type mean age (year)
Male Female Squamous Undifferentiated
(case) | (case) |cell carcinoma (case) | carcinoma (case)
Pre and post treatment - 3 2 5 42.86
Pre-treatment 16 5 11 10 4238
Post- treatment 5 3 2 6 55.50

IMAGING STUDIES

All studies were performed on a Toshiba
SPECT digital gamma camera GCA-901A |,
equipped with a low-energy high-resolution col-
limator. All patients underwent dynamic blood

flow, static image, whole body and SPECT of head
and neck following the administration of 20 mCi
of #"Tc MIBI. The SPECT was performed in a
step and shoot mode at 360° for 64 frames with
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an imaging time 30 sec/view.
INTERPRETATION

Physiologic uptake in the head and neck
area was noted in the pituitary gland, nasal and

MAY. - AUG. 2000. Volume VI Number 11

oral cavity, parotid, submandibular and sublingual
salivary glands. Any uptake other than physiologic
uptake was considered positive for primary or re-
sidual/recurrent or metastatic disease depending
on the location of uptake.

RESULT OF ™ TC MIBI FOR NASOPHARYNGEAL CANCER

Table 2 The result of pre and post treatment group.

STUDY SEX AGE  CELLTYPE SCAN FINDING RESULT OF BIOPSY ~ TNM. status
(YEAR)
PRIMARY  NECK NODE DISTANCE
METASTASIS

1-1 M 43 Undiff CA + + 5

1-2 M 43 Undiff CA -

2-1 F 33 Squamous cell CA + + + TIN2aMx

2-2 F 33 Squamous cell CA + +(improve) - -

3-1 M 43 Undiff CA + + + T4AN3IMx CT  NPC
with lymphadenopathy

32 M 43 Undiff CA + - + Squamous cell CA
(post Px)

4-] F 48 Undift CA + - Lung + TANIMI CXR positive

4-2 F 48 Undiff CA + E Lung + CT+

3-1 M 36 Squamous cell CA + + + TIN2bMx
bone scan’ multiple
bone metastasis

5-2 M 36 Squamous cell CA - -

6-1 M 49 Undiff CA +

6-2 M 49 Undiff CA -

7-1 F 48 Undiff CA + + + T2NIMO

7-2 F 48 Undiff CA - =
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Table 3 The result of pre-treatment group.

STUDY
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Undiff CA
Squamous cell CA

Squamous cell CA
Undiff CA

Undiff CA
Meta. Undiff CA

Meta.squamous cell CA

Undiff CA
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Meta Squamous cell CA
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DISTANCE
NODE METASTASIS
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RESULT OF
BIOPSY

+ o+ + +

+ +

+ + 4+

+

RESULT OF

BIOPSY

T.N.M status

CT suggested multiple liver
metastasis T2N2 Mx

CT: NPC with intracramal
extension, lymph node negative
Bilat Lymphadenopathy rt 1 5|t
4em

loss radiation treatment
TIN3MI loss rachation treatme: .t
CT' no mass at nasopharynx
multiple lymphadenopathy
Jugular chain

study post cervical LN

biopsy, scalp - squamous cell CA

TINIMO

biopsy at nasopharynx 15
negative CT' bilat NPC. enlarge
lefi cervical node

TINIMX

T2IN2ZMx

T4N2M1 U/S muluple liver meta.
Bone scan multiple bone meta

T4N2bMx

TN M status

MRI' positive tumor mass at
base of skull
Lt LN 3Cm

biopsy at neck node and
primary recurrent NPC
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Table 5 The Statistical analysis in the pre-post treatment group, pre-treatment group and post

treatment group

Group of patients True True False False Total
positive | negative | positive | negative| (case)
(case) | (case) (case) | ‘(case)

Pre and post treatment group 2 - 1 - 7

Pre treatment group 18 1 2 - 21

Post treatment group 3 3 - - 8

*There were no false negative studies for primary disease

Table 6 The Sensitivity and specificity of pre and post treatment group, pre-treatment group and post

treatment group.

Study Cases Sensitivity % Specificity %
Pre and post treatment group 7 100 80
Pre treatment group 21 100 33
Post treatment group 8 100 60

Table 7 The comparative sensitivity and specificity of our study and Lale et al. study.

No of patients Sensitivity % Specificity %
Lale Kostakoglu'' |3 month F/U 5 100 85
6 month F/U 3 100 93
Sunanta 3-9 month F/U 6 100 80
Lale Kostakoglu'® | Pre-treatment 22 100 67
Post-treatment 16 100 67
Sunanta Pre-treatment 22 100 33
Post-treatment 8 100 60
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Fig. 1,2 Case of undifferentiated nasopharyngeal carcinoma,
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Fig. 1 (pre-treatment) reveals increased uptake of the radioactivity at left
nasopharynx.
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Fig. 2 (post-treatment) shows no abnormal increased uptake at nasopharynx
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Fig. 3 Case of squamous cell nasopharyngeal carcinoma reveals increased
uptake of the radioactivity at nasopharynx. There are multiple areas of
increased uptake of the radioactivity at both upper cervical nodes.

Fig. 4 Whole body image shows increased uptake of *"Tc MIBI at right chest.
CA Nasopharynx with lung metastasis is suggested.

)
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Fig. 5 Multiple areas of decreased uptake of the tracer in the liver compatible

with liver metastases

The result of the study is based on histo-
logical confirmation. There were no false-nega-
tive studies for primary cancer in pre and post treat-
ment group, pre-treatment group, and post-treat-
ment group. Four of five cases of false positive
finding in the three groups of our study were
chronic inflammation in histological diagnosis.
Chronic inflammation could be postulated that the
high blood flow might account for the positive
finding. One case of the positive finding was
squamous cell carcinoma of scalp with neck node
metastasis. Two of five cases with negative
histology had nasopharyngeal mass by CT and
MRI.

NECK NODES METASTASIS

We evaluated 15 cases of known cases of
Nasopharyngeal Carcinoma with neck node
metastases. "Tc MIBI scintigraphy detected 13/
15 cases of the metastatic lymph nodes, missing
two cases which were possibly obscured by the
physiologic uptake in the adjacent salivary glands.

98

Lale et al.' studied in 18 cases of nasopharyngeal
cancer with neck nodes metastasis and found a
sensitivity of 94.7%. There was no true negative
study to determine specificity.

DISTANCE METASTASIS

One case of lung metastasis and two cases
of liver metastasis can be detected by *™Tc MIBI
scintigraphy. Two cases of positive bone scan were
not seen by *™Tc MIBI scintigraphy. Bone scan is
superior than *"Tc MIBI scintigraphy in the
detection of bone metastasis. False-negative
results obtained for bone metastases may be due
to the lower extraction fraction of radiotracer by
the skeletal or obscured by the physiologic uptake
in the adjacent organ such as liver, bowel and
urinary bladder.

DISCUSSION

Nasopharyngeal carcinoma is a radiosen-
sitive tumor. Recurrence after radiotherapy is a
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common cause of treatment failure.’ Incomplete
eradication of loco-regional disease results in
further tumor growth and mutation that may lead
to high metastasis propensity. It is radiobiolo-
gically necessary to booster the radiation doses or
combined therapy for the persistent tumor after
the initial course of radiotherapy. Histological
confirmation is the currently approved gold
standard for the present of residual tumor,
however biopsy may be misleading due to
sampling errors. Therefore a specific functional
imaging (T1-201. **"Tc MIBI) modality is impor-
tant to differentiate physiologic from pathologic
uptake in NPC. The limitation of *"Tc MIBI
scintigraphy is physiologic uptake at salivary
glands, nasal and oral cavity and false positive
study in chronic inflammation **"Tc MIBI could
detect metastasis in the lymph node and distance
metastasis. *"Tc MIBI scintigraphy is useful in
the detection of distance metastases such as lung
and liver metastases. Cold nodules were seen in
case of liver metastases. Bone scan is superior than
%mTe MIBI scintigraphy in the detection of bone
metastasis. MIBI is recognised as a transport
substrate of P-glycoprotein, which is encoded by
multidrug-resistance gene. Lale et al'’ reported no
influence of P-glycoprotein pump on MIBI accu-
mulation. There was no patient whose disease had
progressed over the duration of 12-15 month when
MIBI was negative.

CONCLUSION

?mTc MIBI scintigraphy was found to be
sensitive in detecting residual/ recurrent tumor,
lymph nodes and distance metastases. Therefore,
%mTc MIBI scintigraphy may be incorporated after
therapy to evaluate the persistent masses or
confirmation of diagnosis in case of false
negative biopsy caused by sampling error.
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CHILDHOOD THYROTOXICOSIS

Dr. M.A. TAHER!'

ABSTRACT

Most of the thyrotoxic patients are adult and it is rare (about 1% of adult) in
childhood. This rarity prompts us to report these two cases (both girl, age 10 & 12 years)
found recently, confirmed by radioiodine uptake (RAIU), radioassay of thyroid related
hormones (T,, T, TSH levels) and both of them had been followed upto clinical cure by

carbimazole and radioiodine (I-131) therapy.

CASE REPORTS

(1) A young girl aged 12 years, referring
from Lalmonirhat Al-Nahiyan Shishu Paribar
(Orphanage) on 22-09-93 complained of palpita-
tions, weight loss inspite of increased appetite,
insomnia and trembling. On examination, her
pulse rate was 120min, both eye-balls were
protruded (bilateral exophthalmos), skin was warm
and moist, thyroid gland was enlarged diffusely
(grade 1b), radioiodine uptake (RAIU) was high
with rapid turnover, (2h 20%, 24h 46%, 48h 30%)
radioimmunoassay of thyroid hormones (T, =
triiodothyronine, T, = thyroxine) showed elevated
serum levels (Table-1). She was treated with
carbimazole 10mg/day up to 29-11-96 with little
improvement, then she was given radioiodine
(I-131) therapy (5mCi) and was found euthyroid
on 06-06-97. Long - term follow-up is being done.

Table-1 Hormone levels*®

(2) Another girl aged 10 years from
Adorshapara, Rangpur complained of generalized
weakness, palpitations, insomnia and trembling.
On examination, her pulse rate was 128/min. both
eye-balls were slightly prominent, skin was warm,
thyroid gland was slightly enlarged (grade 1a.) Her
thyroid hormone levels (T,, T,) were high and
thyrotropin (thyroid stimulating hormone, TSH)
level was low (Table-1). She was treated with
carbimazole 20mg/day, evaluated several times
and gradually tapered down over about six months
(Sep. 94 to Feb. 95) & now confirmed euthyroid
by RIA and clinical examinations (T, =2.67 nmol/
L, T4 = 104.7 nmol/L). Long - term follow-up 1s
being done.

Pt. No. ;i T TSH
normal ranges normal ranges normal ranges
0.8--2.7 n mol/L 62--165 n mol/L 0.48--4.8 u IU/ml
01. ' 11.2 320 | e
02. 13.8 240 <0.2

* Done at N.M.C. Dinajpur.

' Director. Nuclear Medical Center, Post Box No. -16. Rangpur-5400 Bangladesh
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DISCUSSION

Most of the northern districts of
Bangladesh are iodine-deficient and endemic
goitre area.

Cretinism (congenital hypothyroidism) are
widely prevalent, but the clinicians should be
aware that some children even on the contrary may
be thyrotoxic (hyperthyroid) even,' as demon-
strated in the present cases. Older textbooks
mentioned that children and adolescents should
not be treated with radioiodine for thyrotoxicosis,
but recent research works are in favour of
radioiodine therapy,”¢ rather antithyroid drugs may
give rise to serious adverse reactions which may
reach as high as 40% in children and the incidence
of surgical complications is higher than other
modalities.” Leukemia and other cancers appar-
ently do not increase after radioiodine treatment.®
Long - term follow-up is important to check
recurrence of hyperthyroidism and/or hypothy-
roidism.
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IS RADIOIODINE (I-131) TERATOGENIC ?
Dr. M. A. TAHER

Use of radioiodine is absolutely contraindicated during pregnancy,' although
dose to fetal thyroid is small, but sensitivity and untoward effect may be of medicolegal
consequence. However, gonadal exposure is extremely low (less than a diagnostic
radiograph), genetic effects are unlikely, cxtensive studies have failed to show I-131
related neoplasm or birth defects.?*”

No significant increase in genetic abnormalities has been documented in
children of Japanese parents exposed to atomic radiation,® and there is an increased
tendency to treat young patients with I-131 in recent years.” In human beings, organo-
genesis does not begin until the third week after conception. There is no evidence that
radiation of a conceptus in the early weeks of pregnancy is more dangerous than irradia-
tion of the ovary before fertilization. The International Commission on Radiological
Protection (ICRP) withdrew support for the 10-day rule in 1984. Many agree that preg-
nancy be allowed to continue after known exposure of less than 10 centi-Gray (cGy),
but some would reduce the upper limit to 5 cGy in the second trimester'® (1 ¢cGy = 1
rad). We found a healthy daughter born to a woman who inadvertently received radio-
iodine therapy during early pregnancy, and would like to report considering its rarity.

MAY. - AUG. 2000. Volume VI Number I1

CASE REPORT

A woman of age 30 years complained of
increased sweating, weight loss inspite of
increased appetite, palpitations, insomnia and was
diagnosed as thyrotoxic in February, 1995. She
took carbimazole (neomercazole) 45 mg/day for
a month with little improvement and received I-
131 therapy (10 milli-Curie) on 18-5-95 at Nuclear
Med. Institute, Dhaka. At first follow-up, she
disclosed that her last menstrual period (LMP)

started on 25-5-95 and ultrasonography revealed
gestational sac of 10 weeks 2 days. She was
advised therapeutic abortion but she did not agree
and gave birth to a healthy daughter on 12-3-96.
The baby is in good health till the last follow-up
in 27-9-99, however, her mother is now hypothv-
roid and on thyroxine (100 microgram daily)
therapy (Table 1).

Table 1. Hormone levels
Date i T, TSH |
NR 0.8-3.16 nmol/L NR 64.5-152 nmol/L NR 0.3-6 mIU/L

19-3-95 8.89 214 0.09

13-4-95 5.39 213 0.02

5-9-05 0.3 60 0.17

31-3-98 0.48 20 499

7-9-99 2.5 50 17.75

NR = Normal Range

Director. Nuclear Medical Center, Post Box No. -16. Rangpur-5400 Bangladesh

103



THE ASEAN JOURNAL OF RADIOLOGY

DISCUSSION

We do not recommend the use of radioio-

dine during pregnancy and lactation, however, the
present case shows that radioiodine is not terato-

genic.
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MEASURMENT OF TUMOR UPTAKE OF "™ TC-DTPA -
"B-CARBORANE COMPLEX IN BRAIN TO EVALUATE
"B ABSORBED DOSE FOR NCT.

Nisarut RUKSAWIN

ABSTRACT

MS. Med. Physics

Although neutron capture therapy (NCT) is a very promising technique for the treat-
ment of brain tumors, it is very difficult to clearly evaluate the dose absorbed by the brain
tumor. This paper will show how to use nuclear medicine to evalutate the '’B dose aborbed by
the brain tumor. '°B carborane gadolinium complex was labelled with *"Tc and quality control
showed 95 % of radiochemical purity. Scinticamera can tell the %uptake of *"Te-DTPA —
'°B-carborane complex in brain tumor by selecting area of interest on tumor., the count rate
was read and divided by the activity injected. Using %uptake of *™Tc-DTPA —'“B-carborane
complex of the tumor in brain, dose of '’B absorbed by brain tumor can be evaluated. Nuclear
medicine can be used instead of in vivo quantitation of boron using MRI only for the com-
pound which can be labelled with suitable radionuclide. *™Tc is at the present time the most

popular radionuclide for this purpose.
Keywords

INTRODUCTION

A factor limiting the development of NCT is
the lack of drugs which will give tumor:brain uptake
ratio higher than two popular compounds, Na2 B12
H11 SH (BSH) and p-dihydroxyborylphenylalanine
(BPA) which have been authorised for clinical trials.
So researhers from different countries are seeking
ideal boron compounds which are suitable for
NCT1-4. Working in nuclear medicine I can imagine,
if chemists can synthesize something with optimum
selectivity for cancer cells people in nuclear medicine
will labell it with suitable radionuclide and inject it into

BNCT, NCT, label, radionuclide, area of interest, tumor uptake.

the patients. Cancer can be eliminated as easy as "*'l
has been used for some thyroid cancer.” Why do
you still need NCT at that moment?

At present time brain tumor scan in Figure 1
shows the uptake of ”"Tc-DTPA beautifully. This
agent is rapidly filtered by the kidney, which 1s a
disadvantage. so that it necessitates the injection of a
larger amount of radioactivity, but its advantage 1s that,
it provides a higher tumor-to-brain activity ratio.

Section of Nuclear Medicine. Department of Radiology. Siriraj Hospital. Bangkok 10700, Thailand

E-mail: sinrsic@mucc. mahidol ac.th
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Fig. 1 Brain scintiphotographs obtained with *Tc-
DTPA in different projections 1 hour after
injection. Diagnosis: glioblastoma multiforme.
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Fig. 2 '°B carborane Gd-DTPA complex.

Since *"Tc-DTPA provides a higher tumor-
to-brain activity ratio. Labelling '°B carborane Gd-
DTPA complex with ™ Tc was performed aseptically.

"B carborane Gd-DTPA complex can be labelled
with "Tc but it is not the same as labelling DTPA.
So I would like to present this paper how to label
"B carborane Gd-DTPA complex with *"Tc and
how to use “"Tc-DTPA '°B carborane complex in
NCT.

MATERIALS

1. Cation exchange resin.
2. Sterile distilled water.

MAY. - AUG. 2000. Volume VI Number [I

3. B carborane Gd-DTPA complex from Depart-
ment of Chemistry, Graduate School of Science,
Tohoku University, Sendai 980-77. Japan.

4. Stannous chloride dihydrate, E-Merck, Darms-
tadt, Germany.

5. Calcium chloride, Anhydrous, J.T. Baker
chemical Co., Phillipsburg, N.J. 08865.

6. Sodium hydroxide pellets, E-Merck, Darmstadt,
Germany.

7. Nuaire larminar flow biological safety cabinet.

Hetosicc Freeze dryer type CD-13.2

9. Sterile disposible syringes were used in all pro-
cedures.

o0

METHODS

1. Cleaned glassware and equipment were wrapped
in wrapping paper, and sterilized in autoclave.

2. Dissolve '"B carborane Gd-DTPA complex 0.5
g in 50 ml of Sterile distilled water and let it stand
in room temperature for 6 hours then pass the
solution through cation exchange resin.

3. Put0.55 g of CaCl, in the solution from 2, stir
until the solution is clear. Add 40% NaOH 0.35
ml pH =8

4. Dissolve SnCL,.2H,0 1 g in 5 ml of concen-
trated HCI. Filter the solution through 0.22 mm
millipore filter. Stir the filtered solution at least
30 minutes.

5. Tothe solutionin 3, add 0.15 ml of solution from
4. thepHis4

6. Sterilize the solution by 0.22 mm membrane
filtration into pre-sterilized evacuated vials. Asep-
tically transfer 1 ml each of this solution to sterile
7 ml serum vials. Freeze dry for 24 hour, seal
under vacuum after freeze drying, each vial con-
tains 0.6 mg stannous chloride.

7. Take one vial from 6 and add 1.5 mI=35 mCi
of " Tc, shake well.

8. Find the radiochemical purity using instant thin-
layer chromatography (ITLC-SG) as shown in
Figure 3
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Acetone 0.9 % NaCl

Fig. 3 Two strip mini- instant thinlayer chromatog-
raphy system (Left) *"TcO, sepa ration,
(right) *Tc-hydro lyzed reduced technetium
(R-"Tc) separation.

A. Put about I ml ofacetone into the left vial and 1
ml of 0.9% NaCl into the right vial.

B. Spot 2 pl of solution from 7 at the bottom pencil
lines ofthe two strips.

C. Immediately place the bottom of the strips in the
appropriate solvents and allow the solvents to
migrate until they reach the top pencil lines.

D. Cuteach strips at its central pencil line into sec-
tionsl, 2, 3 and 4.

E. Counteach section in a well scintillation counter.

F. Calculate % *"TcO,:

net activity of section 2 x 100
(net activity of section 1) +( net activity of section 2)

Calculate % R-""Tc:

- net activity of section 3 x 100
(net activity of section 3) +( net activity of section 4)

Calculate %bound
= 100 - (%""TcO, + % R-"*"Tc).
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RESULT AND DISCUSSION
After labellingThe *™Tc be inplace of
'57Gd as shown in Figure 4.
0

0
-
HO,C Y/
¢ \ 0

/\“"/-._

N BIOHW
N
0
0
0
Fig. 4 Shows structure of "Tc-DTPA-
'“B-carborane complex.

0

When®”"Tc-DTPA-'"B-carborane
complex 20 mCi is injected to glioma patients
the doctor can tell which patient is suitable for
NCT. So it will be very useful. After injection
the counts from the camera should be recorded
not only at the brain, but also the counts of the
wholebody should be recorded in order to get
% brain tumor uptake.

A key requirement of NCT is the selec-
tive delivery of an adequate concentration of '’B
to tumors (15-30 mg '°B/ g tumor).® For the 7
gram tumor need at least 105 mg of "B, if %
brain tumor uptake is 1% at least 10.5 g of ''B
must be given to the patients. So the key
requirement of NCT can be solved by nuclear
medicine method.
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COMPARISON OF SERUM THYROGLOBULIN MEASUREMENTS
BY RADIOIMMUNOASSAY AND IMMUNORADIOMETRIC ASSAY

Vipa BOONNAMSIRI, Ph.D.!
Panee JAMPATHONG, M.Sc.? Busara SATAYABAN, M.Sc.'
Boontham AMORNGITTICHAROEN, M.Se. '

ABSTRACT

Serum thyroglobulin (Tg) concentrations are widely used as a tumour marker
for monitoring the patients with differentiated thyroid carcinoma. Precise and reproduc-
ible Tg measurements are critical, especially when patients are judged to have a high
risk for recurrence. The clinical utility of two different Tg methods (RIA and IRMA)
was compared and evaluated focusing on measurement methodology. Therefore, com-
plete quality control profiles were performed and assessed. The results revealed that the
sensitivity (low detection limit) of the assays for Tg-RIA (DPC) and Tg-IRMA (CIS)
was 2.28 ng/ml and 0.62 ng/ml, respectively. The assay precision of both intra-and in-
ter-assays had coefficient of variation (C.V.) of 5.49-15.63% for Tg-RIA and 5.56-8.27%
for Tg-IRMA. The accuracy of the two assays was 96.9-121.3% for Tg-RIA and 97.6-
104.3% for Tg-IRMA. No cross-reaction and no drift effect were obtained in both as-
says. The results showed complete parallelism between Tg standards and serial dilu-
tions of Tg-containing serum. The hook effects were indicated with both assays at very
high concentration of Tg. The quality of Tg-IRMA (CIS) was proved to be superior to

MAY - AUG. 2000 Volume VI Number 11

Tg-RIA (DPC).

Quantitation of thyroglobulin (Tg) in the
circulation is considered to be a good diagnostic
test for the detection of the presence of metastases
or recurrence of differentiated thyroid carcinoma
(papillary and follicular).'?343° It is well estab-
lished that serial Tg measurements are usefully
employed in the management of the patients fol-
lowing removal of the thyroid gland by surgery
and radioablation, if successful, should result in
circulating Tg stabilizing at very low or undetect-
able levels: higher levels, on the other hand, are
suggestive of remnent thyroid tissue or metasta-
sis. Numerous methods have been developed to
measure Tg in serum. including radioimmunoas-
say (RIA). immunoradiometric assay (IRMA) and

enzyme immuno-assay.’ 8710111213

The detection limit 1s an important char-
acteristic because the main interest of the assay is
the follow-up of differentiated thyroid cancer. It
is critical to be able not only to detect small
amounts of Tg, but also to observe a change in Tg
concentration. Thus the objective of this study is
to compare the two commercial assays for thyro-
globulin : a competitive-binding RIA by Diagnos-
tic Products Corporation (DPC) and the “CIS’
IRMA-type assay utilizing quality control (Q.C.)
profiles such as sensitivity. precision, accuracy,
specificity, drift test. parallelism and hook effect.

" Division of Nuclear Medicine, Department of Radiology, Faculty of Medicine, Siriraj Hospital. Mahidol University. Bangkok 10700

Thailand

Department of Radiology. Sappasituprasong Hospital, Ubonrajchathani. Thailand
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MATERIALS AND METHODS
BLOOD SAMPLES FOR DILUTION TEST
AND HOOK EFFECT

Very high Tg concentrations from the sera
of patients with differentiated thyroid carcinoma
were selected, mixed and pooled. The serum
mixture was then made to the dilutions of 1:10,
1:100, 1:1,000 and 1:10,000 for the test of hook
effect.

STOCK AND WORKING Tg STANDARDS

One milligram of purified Tg from human
thyroid glands was kindly obtained from Dr. S.
Damrongpisuttikul,'* weighed and dissolved in a
few drops of 10.0 M sodium hydroxide, and then
diluted to 100 ml with 0.05 M phosphate buffer
pH 7.4 containing 0.05%BSA to give the concen-
tration of Tg about 10,000 ng/ml. For the hook
effect test, the stock Tg solution was further
diluted to the serial two-fold dilutions with the
0.05 M phosphate buffer pH 7.4 giving the
working Tg standard of 0-5,000 ng/ml.

MEASUREMENT OF SERUM Tg

1. TG RIA (DIAGNOSTIC PRODUCTION
CORPORATION OR DPC, U.S.A.)

The serum Tg was measured by a double
antibody (Donkey anti-goat gamma-globulin) and
diluted polyethylene glycol (PEG) in saline as
precipitating agent. 200 ul of the zero calibrator
for maximum binding tubes and for non-specific
binding (NSB) tubes, Tg standards at different
concentrations,Q.C sera at low and medium con-
centrations, and unknown samples were pipetted
into 12x75 mm polypropylene tubes. 100 pl Tg
antiserum was added to all tubes except the ‘NSB’
tubes and mixed. After 2 hours incubation at room
temperature, 100 pl of '*°I-Tg was added, mixed
and incubated for 2 hours at room temperature.
1.0 ml of the cold precipitating solution was added,
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mixed and incubated for 30 minutes. The tubes
were centrifuged at 3.000 g for 15 minutes.
Supernatant was discarded and counted the
precipitate in a gamma counter. Tg concentrations
for the unknown samples were read out from the
calibration curve.

2. TG IRMA (CIS-BIOINTERNATIONAL,
FRANCE)

The assay was performed by dispensing
300 pl of the buffer into each ELSA-tube. 100 pl
of Tg standards, controls and serum samples was
added and mixed on a horizontal shaker for 3
hours at room temperature. The tubes were then
washed twice with 3 ml of the washing solution.
After addition of 300 pul of '*I anti-Tg monoclonal
antibody, the tubes were incubated for 18-24 hours
at room temperature and then washed twice with
3 ml of the washing solution. The radioactivity
bound to the tubes was measured in a gamma
counter. The concentrations of the samples were
read directly from the standard curve.

STATISTICAL ANALYSIS

The mean, standard deviation, percentage
and coefficient of variation (CV) were determined
by the program of SPSS 7.5 for window.'*

RESULTS

The validation of Tg RIA and Tg IRMA
was carried out and compared as follows

1. RESPONSE STANDARD CURVE

The typical standard curves of both assays
were constructed and shown in Figures 1 and 2.
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Fig. 1. Response standard curve for Tg RIA
(DPC)

2. SENSITIVITY TEST

Twenty zero calibrator tubes were
processed in a single assay, along with a set of
nonzero calibrators. Mean and standard deviation
were calculated and two standard deviations were
subtracted from mean counts at zero point. The
detection limit (minimal detectable dose) of Tg
RIA and Tg IRMA was 2.28 ng/ml and 0.62 ng/
ml, respectively.

3. PRECISION TEST

The reliability of 2 assay kits was
performed by examining their reproducibility on
control sera to represent a range of Tg levels. The
coefficient of variation (C.V.) was determined for
each of two control sera from the results of 20
pairs of tubes in a single assay for intra-assay
precision and in 20 different assays for inter-
assay precision. Better inter-assay reproducibility
was obtained from the IRMA Tg kits (CIS) as
summarized in Tables 1 and 2.
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Fig. 2. Response standard curve for Tg IRMA
(CIS)

4. ACCURACY TEST

Known amounts of Tg were added to
human sera and then assayed. The accuracy of the
test was expressed in percentage of recovery
(observed value / expected value). Analytical
recovery varied between 96.9%-121.3% for the
RIA Tg kits and 97.6%-104.3% for the Tg IRMA
as provided in Tables 3 — 4.

Table 1. Assay reproducibility of Tg RIA

Assay precision Tg RIA (DPC)
No. [ Mean | SD | %CV

Intra-assay

Control serum 1 | 20 | 8.80 [ 048] 549

Control serum2 | 20 [62.57 [3.62 | 5.78

Inter-assay

Control serum 1 20 | 972 [ 1.52] 15.63

Control serum2 | 20 |63.22 [ 8.16| 12.90
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Table 2. Assay reproducibility of Tg IRMA

Assay precision Tg IRMA (CIS)
No. | Mean | SD | %CV

Intra-assay

Control serum 1 20 | 7.81 [043] 5.56

Control serum 2 48.49 |[2.82 | 5.78

Inter-assay

Control serum 1 | 20 | 848 | 0.70| 8.27

Control serum2 | 20 |5043 | 3.73| 7.39

Table 3. The percentage of recovery for the Tg

RIA (DPC)

Number | Observed | Expected

of value value | %Recovery
samples | (ng/ml) (ng/ml)

1 11.6 11.4 101.8

2 21.7 224 96.9

3 52.6 53.2 98.9

4 37.0 30.5 121.3

5 46.0 39.8 115.6

6 78.0 74.0 105.4

Mean + SD = 106.7 £9.7

Table 4. The percentage of recovery for the Tg

IRMA (CIS)
Number | Observed | Expected
of value value | %Recovery
samples (ng/ml) (ng/ml)
1 2.1 2.0 103.5
2 5.7 5.5 104.2
3 14.6 14.0 1043
- 449 46.0 97.6
5 136.4 138.0 98.8
6 497.5 490.0 101.5
Mean £+ SD = 101.7 +2.9
5. SPECIFICITY TEST

The quality of Tg antibodies for two com-
mercial kits was assessed by cross-reactivity tests
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with monoiodothyronine (T)), diiodothyronine
(T,), tritodothyronine (T,), thyroxine (T,) and thy-
rotropin (TSH). The results indicated that the Tg
antibodies used in the both assays did not present
any cross-reaction with these analogues as 1llus-
trated in Figures 3 and 4

RADIOACTIVITY OF

%BIBo
120

100
80
60 —
40 -

20

0 3.15 99 29 112 300 600 1200

Tg concentrations (ng/ml)

| | | | | I | | |
0 125 25 5 75 10 15 20

T1. T2, T4 concentrations (ug/dl)

| | |

0 50 100 150 200 300 500 800

T3 concentrations (ng/dl)

[ | I | I | | | .
0 024 048 24 75 15 30 60

TSH concentrations (mIU/L)

Fig. 3. Specificity of Tg antibody for Tg RIA
(DPC)

6. PARALLELISM TEST

This test was carried out by adding the
serum sample (A) to each concentration of the
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standard Tg, giving a final dilution of 1:1. The Table 5. Drift test for Tg RIA (DPC)
two response curves were plotted and compared.

Parallelism between sample and standard of the Concentrations of Tg in
two methods was observed as seen in Figures 5 Tg RIA the samples (ng/ml)
and 6. A B &
e Tube No.
7. DRIFT TEST 21-26 13.10 | 65.81 | 89.60
65-70 13.12 6895 | 90.31
Pairs of three different Tg concentra-tions 95 - 100 13.69 7286 | 93.15
were spaced throughout a long assay of RIA and S Mear 1330 6921 91.02
IRMA. There were any position effect dpe to de- e SD 027 2 89 153
lay in the addition of the reagents as listed in Tables ° % CV 206 417 1.69
5and 6.
RADIOACTIVITY OF Table 6. Drift test for Tg IRMA (CIS)
%Bi/Bo
N Concentrations of Tg in
s Tg IRMA the samples (ng/ml)
3o A A B C
5% o e Tube No.
- 21-26 6.58 | 56.07 | 837.55
o 51-56 6.67 57.58 | 847.07
91 -96 6.86 59.75 | 852.23
" e Mean 6.70 | 57.80 | 845.62
* 7 e SD 0.11 151 6.08
' ® %CV 1.74 261 7.19

RADIOACTIVITY OF

¥ “«B/Ba
0 125 25 5 785 10 15 20 T
T1. T2, T4 concentrations (ug/dl)
[ | | I | | T |
0 50 100 150 200 300 500 800
T3 concentrations (ng/dl) 1o
—®— s1andard
[ [ I [ | | | | |
0 024 048 24 75 15 30 60 L i
Standard
TSH concentrations (mlU/L) |
1
. . . . L] 4.5 13 L3 | L -] i1z
Flg. 4. Speciﬁc]ty Of Tg antlbody fOl‘ Tg IRMA Tg concentration (ng/ml)

(CIS
) Figure 5. Parallelism test for Tg RIA (DPC
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RADIOACTIVITY OF
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Fig. 6. Parallelism test for Tg IRMA (CIS)

8. HOOK EFFECT TEST

The tests were made in two selected
patient sera with very high Tg concentrations
utilizing the RIA and IRMA. In order to establish
the final Tg values, serum Tg concentrations were
determined in the undiluted and diluted sera at
dilutions of 1:10, 1:100 and 1:1000. The hook
effect results were given in Tables and Figures 7
and 8.

Table 7. Hook effect at different dilutions of the
patient sera for Tg RIA

Serum dilutions Tg concentrations (ng/ml)
Sample A )
Undiluted serum 390.68
1:10 2445.08
1:100 9151.00
1:1000 2017.30
Sample B
Undiluted serum 395.11
1:10 2851.59
1:100 9601.10
1:1000 2679.30

MAY. - AUG. 2000. Volume VI Number |1

Table 8. Hook effect at different dilutions of the
patient sera for Tg IRMA

Serum dilutions Tg concentrations (ng/ml)
Sample A
Undiluted serum 480.11
1:10 6024.73
1:100 20739.10
1:1000 29438.00
Sample B
Undiluted serum 423.76
1:10 4701.05
1:100 70368.40
1:1000 82193.00
Tg concentrations
(ng/ml)
10000
1000 -
19 —*— Sample A
—&— Sample B
10 —
1 T T T 1
undiluted 1:10 1:100 1:1000

Sample dilutions

Fig. 7. Hook effect at different dilutions of
Sample A and B for Tg RIA
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Fig. 8. Hook effect at different dilutions of
Sample A and B for Tg IRMA

Purified preparations of human Tg were
kindly offered by Dr. S. Damrongpisuttikul. There-
fore, the standard curve of Tg at very high
concentratios was performed by IRMA technique,
and hook effect was obtained as illustrated in
Figure 9.

DISCUSSION

The measurement of Tg in serum is tech-
nically challenging and now widely accepted asa
sensitive and specific alterna-tive to radioiodine
scans 1n the detection of residual. recurrent or
metastatic disease in patients with differentiated
thyroid cancer.’*1¢ The first haemagglutination
techniques were replaced by RIA."*° Subsequently,
monoclonal antibody technology has led to the de-
velopment of IRMA'"'" and ELISA.">" There-
fore, it is interesting to compare the quality of two
commercial assays between Tg RIA (DPC) and
Tg (CIS), and to choose the best one of the assay
kit since incorrect results can lead to diasterous
effects for the patients.

The typical response standard curves for a
competitive-binding RIA by Diagnostic Produc-
tion Co. (DPC) and a noncompetitive-binding
IRMA by CIS bio international (CIS) were illus-
trated in Figures 1 and 2, respectively.

The minimal detectable concentration or
sensitivity is an important characteristic because
the main interest of the assay is the follow-up of
patients with differentiated thyroid carcinoma, so
it is critical to be able not only to detect small
amounts of Tg but also to observe a change in
Tg concentration.'” The sensitivity was deter-
mined using the calculated error at zero concen-
tration. Two standard deviations were sub-
tracted from the mean counts at zero point and
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the corresponding Tg concentration was read
off from the standard curve. The sensitivity of Tg
RIA (DPC) was found to be 2.3 ng/ml which were
similar to those found earlier by previous au-
thors.”'®!? The higher sensitivity was also reported
by Ashcraft et al.*’ and Charles et al.*' However,
the lower sensitivity of Tg was obtained by the
previous studies at 5.0 and 15 ng/ml. %

The Tg assay should be sensitive enough
to detect concentrations as low as 1.0 to 2.0 ng/ml
which can use in the follow-up of patients with
differentiated thyroid cancer. The more sensitive
assays are capable of distinguishing the lower limit
of euthyroid range from the functional sensitivity
limit. The sensitivity of Tg IRMA (CIS) was found
to be 0.6 ng/ml giving the higher sensitivity than
Tg RIA (DPC). Marquet and co-workers reported
the highest sensitivity of 0.2 ng/ml for Tg IRMA*
but the lowest sensitivity of 3.0 ng/ml was pre-
sented by the previous authors.?>%

The reproducibility or precision is the er-
ror associated with assay results. Therefore, the
intra- and inter-assay precision was carried out
using two control sera with different Tg concen-
trations. The coefficients of variations (CVs) of
intra-assay precision were determined in the same
series of Tg assays. The results of intra-assay CVs
for Tg RIA (DPC) and Tg IRMA (CIS) were
5.49%-5.78% and 5.56%-5.78%, respectively. The
inter-assay precision is a measure of variability
associated with test results in different series of
assays. The inter-assay CVs for Tg RIA (DPC)
and Tg IRMA (CIS) were found to be 12.90%-
15.63% and 7.39%-8.27%, respectively. The ac-
ceptable intra- and inter-assay CV's should be less
than 10% for good precision of assay results which
showed that Tg IRMA (CIS) had better assay pre-
cision than Tg RIA (DPC) especially inter-assay
CVs as summarized in Tables 1 and 2.

Accuracy of the assay is the ability of an
assay to detect all of the substances being assayed
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that is present in the sample. Analytical recovery
test was made by adding known amounts of Tg to
serum samples. The percentage of recovery of Tg
RIA (DPC) and Tg IRMA (CIS) 1in six samples
were 96.9%-121.3% with the mean (£SD) of
106.6 + 9.7% and 97.6 — 104.3% with the mean
of 101.7 = 2.9%. respectively as given in Table 3
and 4. Better recovery results were also noted in
Tg IRMA (CIS).

Specificity of the Tg antibodies was per-
formed by cross-reactivity tests with different thy-
roid analogues such as T1, T2, T3, T4 and TSH.
The results demonstrated that the antibodies used
in the both assays did not present any cross-reac-
tion with their analoques as illustrated in Figures
3 and 4.

In a valid assay. it is essential to test that
the standard and unknown sample react identically
with the same antibody binding sites. Thus, paral-
lelism test between serum sample and standard
was made because it can be done to assess inter-
fering factors and for comparing the molecular
integrity of the standard and sample. The results
revealed that parallelism between the two curves
of the both methods was observed as seen in Fig-
ures 5 and 6.

Drift test was also performed in order to
determine whether there is any position effect due
to delay in the addition of reagents. Three differ-
ent concentrations of Q.C. sera were spaced
throughout along the assays. There was no sig-
nificant position effects in the both assays even in
assays involving as many as 100 tubes (Tables 5
and 6).

The hook effect is referred as the phenom-
enon of a falling dose-response at very high analyte
concentrations. The IRMA techniques were found
to be more often subjected to hook effect than RIA
methods.'”?” The hook effect can lead to inappro-
priately low- or euthyroid-range Tg values in sera
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with very high serum Tg concentrations, which
require dilution. The hook effect appears to result
when a massive excess of antigen (10 to 10,000
times the upper limit of the assay range) exhausts
the binding capacity of the Tg capture antibody
on the solid support. The hook effect test is nec-
essary since concentration of tumour marker can
be exceedingly high and the consequence of such
an error has serious medical implication. ?* It 1s
interesting to demonstrate whether these assays
exhibited a high-dose hook effect in which a high
concentration produced values lower than the
value of the highest standard concentrations.
Therefore, two selected serum samples with very
high Tg concentrations were assayed in undiluted
and diluted samples at 1:10, 1:100 and 1:1.000
dilutions to establish the final Tg value, which was
based on the dilutions that produced parallelism
within the assay working range. Hook effects were
obtained in both different methods when Tg val-
ues were over 1,000 ng/ml as defined in Figures
and Tables 7 and 8.

The purified preparation of human Tg was
kindly provided by Dr. Sunetra Dam-
rongpisuttikul' so a wider working range of the
standard (0-10,000 ng/ml) could be performed
according to Tg IRMA (CIS) method. A falling
dose-response or hook effect occurred at very high
Tg concentration of 1,250-2,500 ng/ml as pre-
sented in Figure 9.

Spencer and their co-workers®’ sug-
gested the elimination of hook effect that the us-
ers of RIA methods should periodically validate
the upper assay limit by diluting specimens
having concentrations close to the upper limit with
patients’ specimens. Thus, the users of IRMA
methods should run every serum specimen at two
dilutions (undiluted and 1:10 dilution) to detect
hook problems.

| § g
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CONCLUSION

The quality of two different Tg methods
was assessed and compared by using complete
Q.C. profiles. This study revealed that different
methods have different sensitivities which were
2.3 ng/ml for Tg RIA (DPC) and 0.6 ng/ml for Tg
IRMA (CIS). The CVs of the assays both intra-
and inter-assay precisions were 5.49-15.63% for
Tg RIA (DPC) and 5.56-8.27% for Tg IRMA
(CIS). The accuracy of the two assays was deter-
mined by recovery tests which were 96.9-121.3%
for Tg RIA (DPC) and 97.6-104.3% for Tg IRMA
(CIS). No cross-reaction between Tg antiserum
and their analogues in both assays was observed.
Parallelism between Tg standard and serial dilu-
tions of Tg-containing serum sample was obtained,
and no drift effects occurred in both assays. The
hook effects of both assays were noted at very high
Tg concentrations.

In conclusion, the quality of Tg IRMA
(CIS) was proved to be superior to Tg RIA (DPC)
for detecting residual, recurrent of metastatic pa-
tients with differentiated thyroid cancer.
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ABSENT SEPTUM PELLUCIDUM : IS IT IMPORTANT

Orasa CHAWALPARIT, Nasuda SUCHATO, Anchalee CHUROJANA,
Pipat CHIEWVIT, Suthisak SUTHIPONGCHAI

ABSTRACT

The absent septum pellucidum on imaging was thought to be normal variation
when present alone. On the review of reported cases, however, it has been reclaimed
that this finding alone is very rare. We reviewed the 204 reported cases of absent septum
pellucidum (ASP) with other associated anomalies from 1978 through 1998. There are
only six cases reported to have ASP alone. Two of them were schizophrenic. Most of
the cases were associated with septo-optic-hypothalamic dysplasia. There were 26 cases
associated with other anomalies of mid-line defect and 4 cases with migrational or
differentiation anomalies of neurones. Some authors claimed that the findings may only
indicate the timing of a congenital insult. Many reports showed cases of only ASP on
imagings in patients with clinically proven to have optic nerve hypoplasia and/or
hypothalamic-pituitary dysfunction. This implied that the abnormality of optic nerve
and hypothalamic-pituitary axis are out of sensitivity of the imagings to be demon-
strated. We believe that when an ASP is found on the imaging, the searching for other
associated anomalies should be done carefully eventhough nothing else are demon-
strated, emphasizing clinician to evaluate clinical abnormalities of optic nerve and
hormonal dysfunction should be done.

Radiologists, who work in the field of neuroimagings either computed tomo-
graphy (CT) or magnetic resonance imagings (MRI) of brains, at least once have seen
the septum pellucidum loss. They might have a question whether it is important. If there
are other associated anomalies, the question may be easy. But if it is found alone, the
other questions will follow. In the past, the absent septum pellucidum (ASP) alone on
CT was thought to be normal variation or not to have any significant in clinical course.
After studying by MRI, it has been found that ASP alone is very rare. This article is
emphasized in the significant of the septum pellucidum in human nervous system and
radiologic points to help the clinicians dealing with these patients.

MAY. - AUG. 2000. Volume VI Number 1]

ANATOMY

The septum pellucidum (SP) is a thin
structure. The word “pellucidum™ means trans-
parent. In fact, it consists of two thin translucent
membranes stretching between corpus callosum
about 1.5 — 3 mm. Andy and Stephen used the
term septum telencephali meaning the thin
membrane at the proximal end of the telence-

phalon. They separated the membrane into two
parts : the thin part located superiorly consists of
glial cells and fiber bundles called septum
pellucidum. This part is found only in higher
mammals. The inferior part called septum verum
consists of nuclei found also in the lower animals.
The septum verum cannot be separated from the

Department of Radiology, Siriraj Hospital, Faculty of Medicine, Mahidol University, Bangkok, Thailand
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SP and joins with the subcallosal or paraterminal
gyrus. In the septum verum, there are many fiber
systems passing. It works like the delayed stations
between the hypothalamus and hippocampus. So
the septum verum (or SP. in general meaning)
controls the signals between the diencephalon and
the limbic system.

EMBRYOLOGY

SP is developed from the primitive lamina
terminalis, the so call “commissural plate”, at
about 10 - 12 weeks gestational age. It develops
along with the corpus callosum, the anterior and
hippocampal commissure until adult-like at 17
weeks gestation.

The lamina terminalis is the central
membranous tissue at the cephalic end of the
neuropore. It develops from closure of the neural
tube and determines the location of the prosen-
cephalon. At both sides, the budding telence-
phalon is expanded to be future cerebral
hemisphere. The midline thickening structure
develops to be the corpus callosum, hippocampal
and the anterior commissure. The much more
development and the growing of the corpus make
the connection with the anterior and hippocampal
commissure spread out to be a thin membrane.

Rakic and Yakovlev postulated that each
membrane of the SP is developed from cavitation
of the medial inferior commissural plate during
the growing of the corpus. The cavity inside is the
cavum septum pellucidum. After birth, the cavum
septum will be closed from posterior to anterior
direction.

EVOLUTION

The evolution of SP is inevitably along
with corpus callosum which has been detected first
in the placental mammals. The more development
of frontal lobe means the more clever of the
animals. The more enlarged frontal lobe makes
the more arch of corpus callosum and the thinner
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of the SP. In contrast, the olfactory system is the
down evolution structure in higher mammals.

FUNCTION

Because the SP is the delayed station
between hypothalamus and hippocampus. it is a
part of the limbic system controling conscious-
ness, neuroendocrine, autonomic function,
sleeping cycle, environmental response and
memmory. The fiber tract runs from olfactory bulb
to the preoptic area passing the SP but not

stopping..

From the anatomic and functional points,
one could recognize the important of the SP. We
have reviewed 42 medical articles from 1978
through 1998 reporting patients with ASP."** The
total patients was 204 and the associated anoma-
lies were summarized in the table 1. Most of the
reported cases were septo-optic dysplasia (125
cases). In this group, nearly half had no other
associated anomalies (79 cases). The rest of this
group (46 cases) and the non-septo-optic
dysplasia cases (79 cases) had other associations
such as holoprosencephaly, agenesis of corpus
callosum, schizencephaly, migrational and
organization disorder, associated destructive
causes and cerebellar anomalies. There were only
6 patients reported with ASP alone (2.9%). In these
6 patients, two had psychological disorder. No
other information about the other four was
reported. This implies that the ASP is significant
enough for radiologist to search for other asso-
ciated anomalies.

IMAGING FINDINGS OF ASP.

The characteristic findings on both CT and
MRI are no SP and squared frontal horn of the
lateral ventricle (Fig.1). This squared frontal horn
is not found in secondary septal necrosis from
chronic severe hydrocephalus (Fig.2). The fornix
is normaliy hung above the verum interpositum
by the SP. In ASP. the fornix is sinking into the
verum interpositum.
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Table 1 Reported cases of ASP from 1979-1998
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L. Septo-optic dysplasia = 125 (61.2 %)
- Alone - 79
- Medial midline defect = 18
- Migration / organization disorder, Schizencephaly = 9
- Destructive causes (Hypoplasia white matter, thin gray = 16
matter, Porencephaly)
- Cerebellum disorder = 1
- Olfactory bulb agenesis = 1
11 A Holoprosencephaly = 13
III.  Agenesis of Corpus callosum = 12
IV.  Destructive causes (Porencephaly, hydrocephalus, = 9
hydranencephaly)
V. Migration / organization disorder, Schizencephaly = “+
VI.  Cerebellum, Chiari II = 14
VII.  Cephalocele = 3
VIII. Absent septum pellucidum alone = 6 (2.9%)
- I +11 = 1
-11+V = 7
Total cases = 204

Fig. 1.

Axial TI-wi shows absent septum  Fig. 2. Axial T1-wi demonstrated partial absent
pellucidum and square shape of the septum possible from pressure necrosis

frontal horn of lateral ventricle.

from severe hydrocephalus. Note the shape

of the frontal horn of lateral ventricle.
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ASSOCIATED ANOMALIES
SEPTO-OPTIC DYSPLASIA

The syndrome consists of hypoplasia of
optic nerve and ASP (Fig.3). It was first described
by Reeves in 1941% and 36 cases were reported
by de Morsier in 1956.4 In 1970, Hoyt* reported
high incidence of hypothalamic-pituitary dysfunc-
tion. The following reports have found that there
were spectrums of abnormalities in three systems:
visual function, hormonal function and seizure.
The typical visual abnormality is congenital blind-
ness, nystagmus and optic nerve hypoplasia. Some
cases have small optic nerve with normal vision
or normal size optic nerve. The common hormonal
abnormality 1s hormonal deficit especially the
growth hormone and thyroid stimulating hormone
(TSH) with spectrum of variable degree. In the
part of ASP, variable degree of abnormality is also
found from complete absent, some residual
remnant and normal septum. On imagings, ASP
may be the only finding ; optic nerve, chiasm and
tract may be small or normal and not correlate with
the patient’s vision ; the hypothalamus and
pituitary gland may be hypoplasia, posterior bright
spot ectopia or normal.

Many associated anomalies have been
found in this group such as agenesis of corpus
callosum, holoprosencephaly, polymicrogyria,
heterotropia, cerebellar anomaly. Barkovich et al*
have tried to divide these patients into two
subgroups. The first is associated with holo-
prosencephaly and the second with schizen-
cephaly. It is comfortable to describe the patho-
physiology of the holoprosencephalic group from
midline prosencephalic dysgenesis. Barkovich
believed that the mechanism may be injury such
as ischemic cause at the 7 to 8 weeks of gestation,
the optic nerve, germinal matrix and septum are
developed at this period and this may be the cause
of the anomaly in the schizencephalic group.
Besides these, some reports found the association
of genetic cause.

However, if we find the ASP in patient
either with clinical evidence of visual abnor-
mality or not, we should suggest the clinician to
search for the possible hormonal abnormality
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especially GH and TSH deficiency so that the
patients could be prevented from the mental retar-
dation.

HOLOPROSENCEPHALY AND AGENESIS
OF CORPUS CALLOSUM

As described above, ASP may be caused
by midline dysgenesis. It is not surprised to have
these two conditions associated in many reported
cases. From reviewed papers, there are 26
(12.1 %) cases not included in the septo-optic
dysplasia. Imagings of the holoprosencephaly can
be divided into 3 subgroups : alobar, semilobar
and lobar type by the degree of development of
falx cerebri (Fig.4). However, ASP is found in all
groups. The corpus callosum may be normal,
partial or complete agenesis (Fig.5).

When we look back to the septo-optic
dysplasia associated with holoprosencephaly, there
are only 18 cases (14.4 % of 125) reported. It could
be concluded that the septo-optic dysplasia is the
syndrome from many causes and the midline dys-
genesis 1s one of them. The absent septum
pellucidum is not only from developmental
anomaly but also from destructive or secondary
injury from any causes during the period forming
the septum.

MIGRATION, DYSORGANIZATION, SCHI-
ZENCEPHALY

(Fig.6, 7). There are only a few cases
reported. If we consider the migrational disorder
as a result of brain injury during the period of brain
development, it should include the group asso-
ciated with porencephaly, hydrocephalus and
hydranencephaly(Fig.8). There are 13 cases in this
group (0.6 % of 204) and ASP is one of the sequele
of those injuries.

CEREBELLUM ANOMALIES AND CHIARI
2 MALFORMATION

(Fig.9, 10). There 1s 14% reported. Most
of them have associated hydrocephalus. The ASP
may be from pressure necrosis.
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Fig. 3. Coronal T1-w1 postenhancement shows  Fig. 4. Axial NECT brain of a baby with cleft lip

the absent septum with hypoplasia of and palate shows non-separated cerebrum
optic nerve and chiasm (arrows). with dilated lateral ventricle and absent
septum.

Fig. 5. T1-wiin axial (A) and sagittal (B) planes of a patient with previous closure of frontal meningo-
cele show absent septum and partial agenesis of corpus callosum from rostrum through body
(arrow).
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6B

Fig. 6. CT brain in axial (A) and reconstructed coronal (B) planes of a boy with frontoethmoidal
meningoencephalocele demonstrate absent septum and heterotropia at subependymoid region

(A).

Fig. 7. Axial Tl-wi of a patient with absent Fig. 8. Axial CT brain of a patient with hydra-
septum demonstrates right schizencephaly. nencephaly shows absent septum.
Note the polymicrogyria of the cortex out-
lining the cleft.
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Fig. 9. Axial CT of a patient with cerebellar hypoplasia (A) shows absent septum and left cerebral cleft

(B).
CONCLUSION

We can conclude that ASP is the abnor-
mal finding of the brain either from primary or
secondary developmental causes. It is the indica-
tor or marker for radiologist to search for other
associated anomalies. CT scan may give lower
resolution to see other abnormalities. MRI should
be done in the available places. [f MRI is not avail-
able or no other abnormalities could be found,
suggestion to the clinician to search for neurolo-
gical and psychological disorder should be given,
especially in the pediatric septo-optic dysplasia.
The early treatment of GH or TSH deficiency will
prevent mental retardation and the associated
abnormalities may predict the prognosis of the
patients.
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DIAGNOSIS AND DESCRIPTION OF MITRAL VALVE PAPILLARY
FIBROELASTOMA BY MRI: A CASE REPORT

Suvipaporn SIRIPORNPITAK, MD', Sarana BOONBAICHAIYAPRUCK. MD,’
Montien NGAONGAMTHAWEESUK, Bsc,.MD*®

ABSTRACT

Papillary fibroelastoma is a rare primary tumor of the heart and is usually found
incidentally at autopsy. The tumor is considered as benign but it may cause potential
fatal event such as stroke and cardiac obstruction. In this case report, we describe a
mitral valve papillary fibroelastoma detected by magnetic resonance imaging. A 28 year-
old-female presented with cardiac syncope and chest pain and a small mass was de-
tected by transthoracic echocardiography. The mass was further characterized by MRI
and was described here. Complete surgical excision was performed. A mitral papillary
fibroelastoma was diagnosed histologically. This case illustrated the value of MRI as an
alternative non-invasive diagnostic tool in establishing the diagnosis.

Cardiac papillary fibroelastoma is a rare
primary cardiac tumor, which is considered as
endocardial in origin and is usually found
incidentally at autopsy.' It is the third most
common primary cardiac tumor but is the most
common primary tumor of the heart valve.? Char-
acteristically, it 1s small, solitary and usually not
resulting in clinical problem. However, it can cause
important clinical implications.** Echocar-
diography, particularly with transesophageal
echocardiography, is the primary diagnostic
procedure. It provides information regarding
characteristic, location and other associated
abnormality.® Magnetic resonance imaging (MRI)
is useful as an adjunct diagnostic tool. It has the
potential to provide the more precise delineation
in term of size, shape, location and surface as well
as some tissue characteristic.’

In this case report, we described the
mitral valve papillary fibroelastoma diagnosed by
MRI.

CASE REPORT

A 28 year-old-female with no previous
medical history presented 4- week history of
intermittent chest pain and one episode of
syncope while she was walking. Chest pain was
characterized as tightness at substernal area with
radiation to left mandible and left arm, lasting
approximately 15 minutes. The pain was relieved
by rest. She did not experience any dyspnea or
fever.

Physical examination revealed only a grade
I-II diastolic murmur at left upper sternal border.

Chest X-ray showed mild cardiomegaly
without pulmonary venous congestion. Electrocar-
diogram revealed symmetrical inverted T wave in
lead V1 to V5 with occasional paroxysmal
ventricular contraction. Transthoracic echocar-
diography demonstrated a 2x2x2 c¢cm. mass of
homogeneous echogenicity attached to the
ventricular aspect of the anterior leaflet of the

1 Department of Radiology
2 Cardiology unit. Department of Internal Medicine

3 Cardiovascular and Thoracic Surgery Section, Department of Surgery Faculty of Medicine. Ramathibodi Hospital
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mitral valve (Fig.1). Doppler examination revealed
mild mitral regurgitation secondary to the mass
interfering with the valve function. There was mild
left ventricular enlargement with poor left ven-
tricular ejection function (35%).

Further evaluation with MRI revealed a
2x2x2 cm. mobile, multilobulated frond-like mass
attached to the ventricular side of the anterior leaf-
let of mitral valve. The mass has a central core of
hyposignal on and peripheral frond-like appear-
ance of iso to slight hypersignal on TIW |
hypersignal on T2W (Fig.2) with moderate periph-
eral enhancement after intravenously administered
gadolinium (Fig3). On GRE T2W, the mass had
the signal higher than the myocardium, which sug-
gested tumor rather than thrombus. Mild mitral
regurgitation and enlargement of left ventricle
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were also noted. There was no other cardiac mass.

Patient did not undergo for the cardiac
catheterization due to the less likelyhood of coro-
nary artery disease in this age group.

Laboratory evaluation revealed no leuko-
cytosis.

The patient underwent surgery with exci-
sion of a bead-liked mass from ventricular side of
anterior leaflet of mitral valve and the reconstruc-
tion of the mitral valve was performed. Histology
confirmed the diagnosis of papillary fibroelastoma.
The patient did not have any post-operative com-
plications. She remained asymptomatic in a 5-
month followed-up period.

Fig. 1. Transthoracic echocardiography demonstrated an echogenic mass at anterior

leaflet of mitral valve.
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Fig. 2. MRI SE T1W in axial plane revealed a small, well-defined mass of 1sosignal to
slight hypersignal, attaching to the anterior leaflet of the mitral valve. Note the
characteristic of the frond-like appearance of the tumor.

Fig. 3. MRI SE T1W pre gadolinium (left) and post gadolinium (right) in sagittal
oblique plane demonstrated further details of the mass which showed a central
core of hyposignal and peripheral frond-like appearance of iso to slight
hypersignal on TIW (left). Gadolinium SE TIW revealed a peripheral
enhancing frond-like peripheral part (right ).
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DISCUSSION

Papillary fibroelastomas are classified as
benign endocardial tumors and account for 5-10%
of all benign cardiac tumors.' They are the third
most common primary cardiac neoplasm, follow-
ing myxoma and lipoma.’* They may arise from
anywhere in the endocardium, however, cardiac
valves are the most common originating site.**’
In addition, 88% and 71% of valvular tumors are
papillary fibroelastomas.'®!" They affect all four
cardiac valves with predilection on the aortic valve
followed by mitral, tricuspid and pulmonic valve
respectively.’? None of the reported mitral papil-
lary fibroelastoma was diagnosed by MRI.

Papillary fibroelastomas are characteristi-
cally small, solitary with multiple papillary fronds
and usually are attached to the endocardium by a
short pedicle.** Neurologic symptoms such as
stroke are the most common symptoms, account-
ing for 75% while angina or Ml is the least com-
mon presentation.'? The etiology of our patient’s
chest pain and cardiac syncope with poor left ven-
tricular ejection fraction could be explained by
possibility of tumor microemboli dislodge into
great vessels. Early recognition and treatment are
essential because they can cause fatal complica-
tion.ll’.ﬂ

Modern echocardiographic imaging mo-
dalities, particularly transesophageal approach,
allow a non-invasive, pre-mortem detection of
cardiac papillary fibroelastomas.*'>"* Identifica-
tion of central echodense helps in the differentia-
tion of this tumor from other valvular tumors and
vegetation.*® However, transesophageal echocar-
diography is a semi-invasive and echocar-
diography is sometime a tool of operator depen-
dence.

Various MRI techniques allow a non-in-
vasive diagnosis of papillary fibroelastomas. MRI
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1s also useful in evaluation of valvular function.
Spin echo T1W technique provides anatomical
details while cine MRI provides functional physio-
logic details. Using the GRE technique, differen-
tiation between the thrombus and tumor is
feasible.'" In general, thrombus has signal
intensity lower than that of the surrounding
muscle, in contrast with tumor. Differentiation of
this tumor from the valvular myxoma can be made
by its small, having a short pedicle attached to the
anterior leaflet of mitral valve and a characteristic
central core of hyposignal and peripheral frond-
like appearance of iso to slight hypersignal on
TIW.

Complete excision with or without valvu-
lar repair is the mean of eliminating the source
and potential of fatal embolization."

This case demonstrates the ability of mag-
netic resonance imaging to detect the presence of
the tumor, determining the exact location, narrow-
ing down the lists of differential diagnosis and
eventually establishing the diagnosis of mitral
valvular fibroelastoma by its characteristic MR
findings. It helps in the pre-operative evaluation
and further detects other associated abnormalities
either in term of anatomy or function.
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CALCIUM PYROPHOSPHATE DIHYDRATE CRYSTAL DEPOSITION
IN THE LIGAMENTUM FLAVUM OF THE CERVICAL SPINE

Daranee PITANUPONGSA ', Jarturong TAPARHUDEE ?,
Hatcha SRIPLUNG 3

ABSTRACT

A 73 — year-old woman with cervical myelopathy was shown to have calcified
nodule in the ligamentum flavum of C-4. Laminectomy was performed. Histological
examination showed calcium pyrophosphate dihydrate crystals in the nodule. Images
were of plain cervical spine radiographs and computed tomographic myelography.

INTRODUCTION

Calcium pyrophosphate dihydrate crystal
deposition in the ligamentum flavum of the
cervical spine is rare. It compresses the spinal cord,
causing neurologic sign and symptoms. There have
been several reports describing its histopathology.
clinical and radiographic features. Most occured
in United States of America and Japan.

We present a case of CPPD crystal
deposition in the ligamentum flavum of the
cervical spine in Thailand by plain radiograph and
CT myelography.

CASE REPORT

A 73-year-old Thai female patient was
requested for CT myelography of cervical spine.
The patient was admitted with a 6-month history
of progressive tetraparesis. She also had mild
hypertension and DM. Examination revealed
weakness in all extremities, more severe in lower
extremities, and decreased pinprick sensation

below the C-5 level. The deep tendon reflexes were
3+ and equal in all four extremities. The Babinski
sign revealed a plantar extension. She had a
positive Hoffman’s sign.

Plain cervical spine radiographs showed
minimal spondylotic change. A calcified nodule
size about 10 mm. was found in left paramedian
portion of the posterior spinal canal at C4-5 level.
(Fig. 1)

CT myelography demonstrated a left
posterolateral extradural oval- shaped densely
calcified nodule size about 10 mm. at C-4 level
compressing the spinal cord and displacing it to
the right. (Fig. 2)

Laminectomy was performed at C-4.
Histologically, the lesion consisted of CPPD
crystal deposition in the ligamentum flavum.
(Fig. 3)

" Section of Radiology. Trang Hospital. Trang, Thailand
" Section of Surgery. Trang Hospital, Trang, Thailand

Department of Pathology, Faculty of Medicine, Prince of Songkla University, Songkhla, Thailand
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Fig.1 Plain radiographs of the cervical spine, AP and lateral views (A,B), showing radiopaque
nodular shadow in posterior part of the spinal canal at C4 level.
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2C

Fig.2 CT myelography, A. axial image — soft tissue window, B. axial image — bone window, C.
Midline sagittal reconstruction, D. 3 D reconstruction, demonstrating a left posterolateral
extradural calcified mass compressing the cervical cord.
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Fig.3A The granuloma consists of crystals and pink fibrinous
material surrounded by epitheloid macrophages and a few
foreign body giant cells (20x).

Fig.3B The center of granuloma contains rhomboid crystals of
calcium pyrophosphate dihydrate and pink fibrinous
material (40x).
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DISCUSSION

Calcium pyrophosphate dihydrate (CPPD)
crystal deposition disease is a general term for a
disorder characterized by the presence of Ca,P,0,
e 2H,0, (calcium pyrophosphattlr dihydrate or
CPPD) crystals in or around joints. CPPD crystal
deposition disease affects both men and women
and generally is observed in middle-aged and
elderly patients. Mc. Carty applied certain
diagnostic criteria for CPPD : demonstration of
crystal deposition by polarized light microscopy
and chondrocalcinosis were required for a
definite diagnosis; demonstration of crystal
deposition or chondrocalcinosis provided a
probable diagnosis; and the presence of a clinical
syndrome cons:stent with pseudogout, a possible
dlagnoms :

CPPD crystal deposition generally is first
observed in articular cartilage, althrough deposits
may be recognized in other articular tissues, such
as synovium and capsule, as well as pt?rlarllcular
tissues, such as tendons and ligaments.  Rarely,
the crystals are mdcnnf" ed at the dura mater or
ligamentum flavum.

Chondrocalcinosis and CPPD can involve
the spine through a variety of mechanisms.
Intervertebral discal calcifications are frequent,
calcific collections resemble syndesmophytes of
ankylosing spondylitis. = * Vertebral body and
intervertebral disc destruction causing disc space
narrowmg and vertebral sclerosis 1s a common
finding. = Severe osseous destruction is unusual.
CPPD deposits in the ligamentum flavum
causing myelopathy and cerwcomedullarj
compression have been reported. -

Calcium crystal deposition rarely oceurs
in the ligamentum flavum of the cervical spine.”
Crystal deposition in the cervical spine is most
commonly a result of Calcium pyrophosphate
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deposition disease. CPPD crystal deposition
disease involved the cervical spine, usually in
elderly woman without other systemic evidence

of CPPD.

Most patients presented with progressive
cerv1cal %nyelopalhv or radiculomyelopa-
thy. Most radioghaphic findings, includ-
ing our case, showed focal enlargement of the
ligamentum flavum due to oval CPPD deposits
that compressed the spinal cord, causing
neurologic sign and symptoms. The midcervical
spine is most frequently involved.

CPPD deposition within the ligamentum
flavum can be associated with significant spinal
stenosis. Most patients described in the literature
underwent laminectomy. These characteristics
allow the radiologist to suggest a propable
diagnosis of CPPD and to guide the pathologist to
identify the CPPD crystals in the calcified
deposits.
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DESMOID TUMOR : A CASE REPORT

Kulthida SAKOLCHAIPONG,M.D.' Darunee BOONJUNWETWAT, M.D.!
Voranuch PUNYAVORAVUT, M.D.?

Extra-abdominal fibromatosis (desmoid tumor) is an uncommon soft tissue
tumor. About two-third of cases occur in the extremities. We present a female 43-year-

old case of multicentric desmoid tumor.
CASE REPORT

A 43-year-old woman came to the
Chulalongkorn Hospital in June 1998 presenting
with painless, non tender and slow growing masses
at left calf and foot for a year. She had previous
surgery of left thigh mass since she was 12 year-
old. Physical examination revealed soft tissue
mass, 15x10 cm in size at dorsum of left equinous
foot, which was fixed, firm consistency and
ulcerated on top. The lesion along left calf was
composed of multiple small masses, about 1.5 cm.
in size and a big mass, 8 cm. in size with the
surgical scar on the skin. Neither neurological
deficit nor vascular compromise was observed.
There was no palpable node at both inguinal
areas. The laboratory data were within normal
limits. The plain radiographs of the left leg and
foot revealed large soft tissue masses at dorsum

DISCUSSION

Fibromatosis (desmoid tumor) refers to
locally invasive tumor of connective tissue and
its overlying fascia or aponeurosis. The biologic
behavior is intermediate between that of benign
fibrous lesion and that of fibrosarcoma, although
never metastasize.'” According to Enzinger and
Weiss,! the fibromatoses are classified on the
basis of their anatomic location as either super-
ficial or deep. The superficial group includes
palmar fibromatosis, plantar fibromatosis, penile

of left foot and along posterior aspect of left leg.
Multiple cortical bony projections of fibula and
tarsal bones were identified being spicule-like
appearance (Fig. 1 A,B). The tarsal bones showed
well defined cystic changes due to pressure
erosion (Fig. 2). Three times of tissue biopsies
were taken. The first and second specimens
revealed chronic inflammation and fibrosis. The
last one showed fibroma of tendon sheath. Wide
excision was performed subsequently. Pathologi-
cally, the lesion was poorly circumscribed and
consisted of elongated spindle-shaped cells of
uniform appearance which separated by abundant
collagen. There was no cellular atypia. The
constituent nucleir were small, pale staining, and
had one minute nucleoli (Fig. 3 A, B).

fibromatosis and knuckle pads fibromatosis. The
deep or musculoaponeurotic fibromatoses include
extra-abdominal fibromatosis (aggressive fibro-
matosis), abdominal fibromatosis, and intra-
abdominal fibromatosis.

Extra-abdominal fibromatosis typically
presents in young adult between puberty and 40
years of age, with a peak incidence between 25
and 35 years. Reports in the literatures indicate

' Department of Radiology

‘ Department of Pathology Faculty of Medicine, Chulalongkorn University, Bangkok, THAILAND
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1A 1B
Fig. 1 A,B Plain radiographs of left leg (AP, lateral) showing large soft tissue masses at dorsal foot
and calf with cortical spiculation of tibula and tarsal bone

Fig. 2 Plain radiograph left foot (AP, lateral, oblique) showing soft tissue mass
of dorsal foot with well defined cystic changes of tarsal bone or pressure
erosion.
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Fig. 3 A Low power picture showing interlacing bundles of fibroblasts
separated by large amounts of collagen. (x 200)

Fig. 3 B High power picture showing vesicular nuclei with minute nucleoli,
rather indistinct cytoplasm, and interstitial collagen. (x 400)
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that men and women are affected equally or there
is 1.8 :1 female predominance.'’ Thirty seven
patients (19%) were reported that a definite
episode of trauma had preceded the formation of
a mass. The fibromatosis may occur anywhere.
The principle sites are shoulder, thigh, arm,
posterior part of thorax and buttock. These tumors
are usually solitary, although synchronous multi-
centric lesions have been reported with a preva-
lence of 10 to 15 per cent in two large series of
192 and 110 patients, respectively.® Synchronous
lesions are confined to the same extremity in 75
to 100 per cent of cases’® and a second soft tissue
mass in the extremity of a patient with a previ-
ously confirmed desmoid tumor should be
regarded as a second desmoid tumor until proved
otherwise. Very rarely the lesion may be
juxtacortical. Dong et al’ reported a juxtacortical
lesion in the forearm of a 14-year-old boy, noting
that it was impossible to determine whether the
tumor arose from the region of the interosseous
membrane or within the periosteum of the
adjacent bone. Familial cases of fibromatosis have
also been reported.

Prognosis is related to the age of the
patient, with younger individuals (those less than
20 to 30 years of age) having a longer tumor
activity and a higher recurrence rate.” 68% of the
patients were found that recurrence occurred at
about 2 years after the first treatment and greater
risk in female older than 30 year-old.’ Romero et
al® noted that the recurrence in the juvenile was
multiple and appeared significantly earlier than
adult patients. There are different biologic features
between juvenile and adult patients with histologi-
cally same desmoid tumor.

Radiographs are usually nonspecific but
roughly estimate of the size and location of the
mass. Approximately 6 to 37 per cent of patients
have evidence of bone involvement which is
usually a pressure erosion, a scalloping without
invasion or destruction or stimulation of the
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periosteum, producing a “ frondlike™ periosteal
reaction.’’ Bone involvement is more common in
patients with multiple recurrences.® Juxtacortical
lesions cause lysis and saucerize the adjacent
bone.” The case we reported showed the soft
tissue masses with spicule-like bony projections
and cortical pressure erosion. Rare cases with
calcification or ossification may be seen.

On CT, extra-abdominal fibromatoses
images present as a soft tissue mass, which is
frequently nonspecific. Unless outlined by fat. the
margins of the mass are often poorly defined,’ and
the tissue attenuation coefficient relative to
skeletal muscle has been reported as hypodense,
isodense and hyperdense.”* Lesion is enhanced
with intravenous contrast with better delinea-
tion.”* CT afford the opportunity to discern the
proximity of bone and neurovascular structure to
the main mass. Obliterated intermuscular plane
does not always signify disease extension. Small
vessels are often difficult to see. Subtle bone
involvement may be better evaluated on radio-
graphs owing to beam hardening artifact.’

On MR imaging, the deep musculoapo-
neurotic fibromatoses revealed great variability of
the MR imaging characteristic of the lesions.*'
Their variable MR appearance is similar to that of
other soft tissue lesion, and this variability
reflected the composition and cellularity of the
lesion.!" Typically, the lesion has a heterogeneous
signal intensity approximating that of fat on T2-
weighted and that of skeletal muscle on T1-
weighted images. Previous MRI studies had shown
that the signal characteristics of desmoids most
closely resemble those of malignant neoplasm
such as heterogeneity, poor margination and
neurovascular encasement. Mass had areas of low
signal intensity consistent with fibrosis on both
Tl- and T2 weighted images and a signal
intensity in the non fibrous portion of the tumor
that is less than of fat on T2 weighted image,
desmoid should be a primary diagnostic consid-
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eration.'” Fibromatoses typically demonstrate
moderate to marked enhancement following
administration of the intravenous Gd-DTPA, with
enhancement corresponding to the cellular
portions of the lesion.'* MRI provides clear delin-
eation of abnormal tissue and its relation to
adjacent vascular and nervous structures suggested
that it is more useful than other currently avail-
able imaging methods in preoperative staging,
planning the surgical approach and determining
the potential for limb salvage. However, MRI can
be difficult to distinguish reactive edema from
malignant lesion on the basis of relaxation time
determinations or other characteristics unique to
MRI. Overall failure of MRI and CT in diagnosis
is that of calcification, ossification and periosteal
reaction are less easily evaluated than on plain
radiographs.'’

In conclusion we present an uncommon
case of multicentric desmoid tumor with possibly
recurrence as correlated with of previous surgery
of thigh mass. Only plain radiograph was
performed showing large soft tissue mass with
pressure erosion and marked bony spiculation.
Since no neurovascular symptom was evident so
further CT or MRI was unnecessary for additional
information owing to limited use of such studies
as described.
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CASE REPORT : RUPTURED CHOLEDOCHAL CYST IN INFANT
AND CHILDREN ; 3 CASES

Chantima RONGVIRIYAPANICH ', M.D., Sriprapai KEOROCHANA ', M.D.,
Chana SATHORNKICH %, M.D.

ABSTRACT

Choledochal cysts are uncommon and appear as cystic or fusiform dilatation of
the biliary tract including both intra- and extra-hepatic sites. They are usually diagnosed
in infancy and childhood. Ruptured choledochal cyst is a rare complication of chole-
dochal cyst. The etiology of ruptured choledochal cyst remain obscure but it may be
associated with blunt trauma, cholelithiasis, an additional anatomical abnormality such
as ductal stenosis distal to the cyst, or pancreaticobiliary malunion, and inspissated bile.
However the cause of rupture is unknown in many cases and is considered to be sponta-
neous. The perforation site may be single or multiple and mostly in the posterior wall of
the cyst. In this report, there were 3 female patients admitted in our hospital with
ruptured choledochal cyst type 1. The first and second patients were 3 years old and
complained of fever, abdominal pain, and nonbilious vomiting. The third patient, 19
days old, was presented by obstructive jaundice and clinical sepsis. The operative find-
ings of exploratory laparotomy in all 3 patients were saccular dilatation of CBD with
intraabdominal bilelike fluid, leading us to make the postoperative diagnosis of
ruptured choledochal cyst. The possible causes of ruptured choledochal cyst in the three
patients of this report could be cholelithiasis, blunt trauma with a long common channel
of the pancreaticobiliary system and inspissated bile respectively. All 3 patients had
choledochal cyst typel and were treated by cyst excision in the first operation and
Roux-en-Y hepaticojejunostomy in the second operation with good result and no

MAY. - AUG. 2000. Volume VI Number I1

complication.
CASE 1

A 3-year-old girl was admitted with com-
plaints of RUQ abdominal pain, nonbilious
vomiting, and fever for 20 days. After admission
there were worsened abdominal pain with a
palpable RUQ abdominal mass. A right upper
quadrant soft tissue density mass was seen in the
plain abdomen, an exploratory laparotomy was
underwent. The operative findings were saccular
dilatation of choledochal cyst about 5 cm in size
and dilated gallbladder with no stone, bile fluid
collection about 10 ml at supracolic gutter but no

perforation site of bile leakage was detected. So a
postoperative diagnosis of concealed rupture of
choledochal cyst type 1 with bile leakage to
supracolic gutter was made and then T-tube
choledochostomy was performed. Postoperative
results were good and recovered 2 weeks after the
operation. T-tube cholangiography showed
saccular dilatation of the common hepatic duct and
proximal common bile duct; measuring about
2.7x4.5 cm consistent with choledochal cyst.

' Department of Radiology

* Department of Surgery Siriraj Hospital, Mahidel University, Bangkok, Thailand
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She was then referred to Siriraj Hospital.
Laboratory studies on admission showed hemo-
globin level of 12.1 g/dL, WBC of 7,000/mL,
serum alkaline phosphatase level of 329 U/L,
serum glutamic-oxaloacetic transaminase (SGOT)
level of 62 U/L, serum glutamic-pyruvic transa-
minase (SGPT) level of 119 U/L with normal
bilirubin level.

The second operation with total excision
of choledochal cyst and Roux-en-Y hepati-
cojejunostomy were performed. Histopathologic
findings were choledochal cyst typel, 3.5 cm in
length, 1.5 ¢cm in circumference with recent and
old hemorrhage and nonspecific chronic inflam-
mation at the cyst wall whereas the gallbladder
contained pigmented stones with congestion and
focal hemorrhage. Postoperative results were good
and no complication after follow-up for 1 year and
2 months.

CASE 2

A 3-year-old girl was presented with RUQ
abdominal pain, nonbilious vomiting and diarrhea
for 4 days which firstly she was diagnosed and
treated as acute gastroenteritis. Two days later, she
had fever with progressive vomiting and abdomi-
nal pain so she was admitted in Siriraj Hospital.
There was a history of preceeding blunt abdomi-
nal trauma of falling from bicycle one week ago.

Physical examination revealed a body
temperature of 38.8 °C, generalized abdominal
tenderness, rebound tenderness, guarding with a
maximal tender point in RUQ and decreased bowel
sound. Laboratory studies showed a hemoglobin
level of 12.3 g/dL, WBC of 2,630/mL, neutrophil
73%.

She had undergone exploratory laparotomy
for peritonitis with suspected of ruptured appen-
dicitis or ruptured liver abscess. The operative
findings were bile-stained purulent peritoneal fluid
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about 300 ml, dilated gallbladder, contusion and
dilatation of CBD about 2 cm in diameter with no
perforation site seen, unusually firm pancreas,
small perforation at the mid-portion of appendix
with minimal fluid in lesser sac. Postoperative
diagnosis were traumatic contusion and minute
perforation of CBD. pancreatitis and ruptured
appendicitis. Then cholecystostomy with T-tube
drainage, transperitoneal drainage and appendec-
tomy were performed. Histopathologic findings
of appendix were compatible with acute appendi-
citis. T-tube cholangiography showed choledochal
cyst typel about 3x5 cm in size with distal CBD
narrowing and a long common channel of the
pancreaticobiliary junction. Followed up labora-
tory studies showed serum amylase level of 401
U/L, GGT 75 U/L, SGOT 88 U/L, SGPT 62 U/L,
serum alkaline phosphatase 142 U/L with normal
bilirubin level. After operation, she was given
antibiotic and postoperative care. Then she
recovered well and could be discharged 2 weeks
after operation. Later the second operation was
done with excision of the choledochal cyst (just
beneath the confluence of Rt. IHD and Lt. IHD to
1 cm from the pancreaticobiliary junction) and
Roux-en-Y hepaticojejunostomy was done
successfully without complication.

Histopathologic findings were choledochal
cyst about 2x5 c¢m in size and a short distal duct
0.5 cminlengthand 1 cm in diameter with chronic
cholecystitis.

The result after 4-month follow-up was
good.

CASE 3

A 19-day-old female infant was admitted
because of jaundice, acholic stool, abdominal
distension and clinical sepsis.

Laboratory studies showed a hemoglobin
level of 13.1 g/dL, WBC of 16,550/mL, neutro-
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phil 56%, lymphocyte20%, monocyte10%. The
liver function test showed a total bilirubin level
of 8.8 mg/dL, direct bilirubin level of 4.8 mg/dL,
GGT 403 U/L with normal SGOT and SGPT
levels. Radiologic examinations including plain
* IHD = Intrahepatic Duct abdomen and abdomi-
nal ultrasound were performed. Plain abdomen
showed ascites with bowel ileus. Abdominal
ultrasound revealed ascites and a RUQ cystic mass
communicating with the biliary system but no
normal gallbladder could be identified. So the
differential diagnosis was choledochal cyst or
dilated gallbladder from sepsis. Peritoneal tapping
was performed showing bilious ascites. Therefore
exploratory laparotomy with peritoneal toilet and

MAY - AUG. 2000. Volume VI Number [1

cholecystostomy were performed. The operative
findings were intraperitoneal bile about 500 ml
with fusiform dilatation of CBD about 5 cm in
size consistent with ruptured choledochal cyst type
1. Later the second operation with excision of
choledochal cyst and Roux-en-Y hepatico-
jejunostomy were done with operative findings of
bile plug in the choledochal cyst and perforation
at the posterior wall of the choledochal cyst. She
recovered well without complication after opera-
tion.

Histopathologic findings were compatible
with choledochal cyst about 1.3x1.3x1 cm in size
without stone formation.

Fig. 1 Plain film of the abdomen in case 2 showed bowel

ileus.
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Fig. 2 T-tube cholangiography in case 2 showed  Fig. 3 Plain film of the abdomen in case 3 showed
fusiform dilatation of common bile duct ascites with bowel ileus
about 3x5 cm in size (Long arrow with
head) with distal common bile duct
narrowing (Short Arrow) and a long
common channel of the pancreaticobiliary
junction. (Long Arrow)
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Fig.4 & 5 Abdominal ultrasound in case 3 showed ascites and a RUQ
cystic mass communicating with biliary system but no
visualization of a normal gallbladder
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DISCUSSION

The choledochal cyst, a cystic dilatation
of'the biliary tree, is an uncommon but well-known
cause of obstructive jaundice. The estimated inci-
dence of choledochal cyst ranges from 1 in 13,000
to 1 in 2 million patients.'>'® The disease is three
to four times more common in women than men.
Age at diagnosis ranges from antenatal to 68
years.'* The majority of patients (80%) are
diagnosed before 10 years of age. Although the
etiology 1s unknown, many theories are suggested.
Unequal proliferation of epithelial cells at the stage
when the primitive bile ducts are still solid,*
distal obstruction either congenital or acquired in
additional to congenital weakness of the duct,®’
an abnormal pancreaticobiliary duct junction with
resultant chronic pancreatic fluid reflux into the
biliary tree,® and the ischemia of the bile duct’ are
among the proposed theories. Some authors have
suggested that embryologic biliary obstruction and
subsequent common bile duct wall weakening 1s
an important factor in infants, whereas an anoma-
lous choledochopancreatic duct junction (CDPDJ)
is more important in older patients.'?' A long
common channel is present if the junction of the
pancreatic and common duct is longer than 10 mm.
Often this junction is at right angles.”

The typical patient with choledochal cyst
has been a female infant or child with the triad of.
jaundice, RUQ abdominal pain and a palpable
abdominal mass. However the classical triad is
encountered only 15% to 25% at initial visit and
is usually encountered in older patients.'* In this
report, case 1 and 2 had acute abdominal pain and
peritonitis which were misdiagnosed as ruptured
appendicitis. So the ruptured choledochal cyst
should be considered as an unusual cause of acute
abdomen in children similar to the previous
study.' The patients may present with the
complications of choledochal cysts such as ascend-
ing cholangitis, recurrent pancreatitis, progressive
biliary cirrhosis and portal hypertension, stones
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in the cyst and malignant transformation in the
biliary tract.’® Bile peritonitis secondary to
rupture is one of the rarest complications of
choledochal cysts.'? This complication has been
reported to occur at rates of 1.8%- 2.8% in large
series.!#12

The causes of rupture of choledochal cyst
have been reported such as after blunt trauma'.
during confinement,'® cholelithiasis.”> with an
additional anatomical abnormality such as ductal
stenosis distal to the cyst,” or pancreaticobiliary
malunion and inspissated bile.?> However the
etiology of rupture remain unknown in many cases
(approximately 20-46% of the published cases)
and 1s considered to be spontaneous.'*?’ This
report showed the possible causes of ruptured
choledochal cyst including cholelithiasis in case
1, preceeding trauma, associated anomalous
CDPDIJ (a long common channel) and ductal
stenosis distal to the cyst (distal CBD narrowing)
in case 2 and bile plug in case 3.

The perforation site could be single or
multiple and mostly in posterior wall of the cyst.
In this report, only in case 3 the perforation site
was detected at posterior wall of the cyst whereas
in the other two cases there were no detectable
perforation site.

In this report, all 3 cases had increased
serum GGT and alkaline phosphatase levels
whereas only case3 showed an obstructive pattern
of hyperbilirubinemia. Abdominal ultrasound, CT
and cholangiography are all effective in defining
the presence of biliary dilatation and in the diag-
nosis of choledochal cyst.*** It has been gener-
ally accepted that abdominal ultrasound is the most
useful diagnostic tool for detection of choledochal
cyst. Cholangiography is essential in differentiat-
ing the type of choledochal cyst and in planning
the extent of operative resection. Preoperative
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percutaneous cholangiography has been the
preferred mode of cholangiography to endoscopic
retrograde cholangiography because it has the abil-
ity to define the proximal extent of biliary dilata-
tion and this information can be used in the
preoperative plan for resection. Endoscopic
retrograde cholangiography is best to visualize the
pancreaticobiliary junction but the superior intra-
hepatic extent of the cysts may be not defined if
the cysts are redundant and sequester large amount
of contrast material."*

An abdominal ultrasound was performed
in only case 3 showing RUQ cystic mass commu-
nicating with biliary tract but no visualization of
a normal gallbladder. The differential diagnosis
could be either a choledochal cyst or a distended
gallbladder due to sepsis. Plain abdomen showed
ascites and bowel ileus, possibly from perforation
of GI tract or a ruptured choledochal cyst.
However bile-stained peritoneal fluid after peri-
toneal tapping was helpful and suggestive of
biliary tract pathology. Although spontaneous
perforation of choledochal cyst is rare, it can
sometimes be the initial manifestation of
choledochal cyst and should be considered in the
presence of bilelike peritoneal fluid. In the
presence of bile peritonitis, it is important to
differentiate spontaneous perforation of the bile
duct with a wall-off bile collection, from a
ruptured choledochal cyst. Spontaneous perfora-
tion of the extrahepatic bile duct occurs almost
exclusively in infants less than 20 weeks of age,
and most often occurs at junction of the cystic and
common hepatic ducts.>"?

Differentiation between these two entities
is definitely required because a perforated bile duct
could be cured and spontaneously close after
simple surgical drainage whereas a ruptured
choledochal cyst would require cyst excision and
Roux-en-Y choledochoenterostomy.” On the other
hand, intestinal anastomosis to the site of perfora-
tion or sac under the misdiagnosis of a ruptured
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choledochal cyst is generally lethal.'” Preopera-
tive diagnosis of bile leakage from spontaneous
rupture of the extrahepatic bile duct could be
differentiated from ruptured choledochal cyst in
which a definite preoperative diagnosis could be
made by hepatobiliary scan.'" If bile duct pathol-
ogy has not been considered preoperatively, the
presence of any fluid suggestive of bile should urge
the surgeon to evaluate the biliary tree for the
possibilities of spontaneous perforation of bile
duct or ruptured choledochal cyst.

The definite diagnosis of ruptured chole-
dochal cyst may be difficult even at laparotomy.
The main reasons for this difficulty are the lack of
history suggesting a choledochal cyst, overlook-
ing the cyst because of the collapse following the
perforation, the rupture of a relatively small cyst,
and the usual location of the perforation on the
posterior wall of the cyst."* Perioperative cholan-
giography has been suggested to be helpful for the
diagnosis of biliary pathology**?'? and may be
useful especially in the absence of apparent rup-
tured choledochal cyst or perforation of bile ducts.

Currently, excision of the cyst and Roux-
en-Y hepaticojejunostomy are considered to be
appropriated for most patients with a choledochal
cyst type 1.
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COMPARISON BETWEEN ULTRASONOGRAPHIC FINDINGS
OF WILM’S TUMOR AND NEUROBLASTOMA

Anchalee LEEPOOLSUP, MD, Jiraporn SRINAKARIN, MD
OBJECTIVE

The purpose of this study was to compare the differences of the ultrasonographic
findings between Wilm'’s tumor and neuroblastoma and to determine whether there are
ultrasonographic patterns which are characteristic features for both entities.

MATERIALS AND METHODS

Fifteen patients with Wilm’s tumor and 17 patients with neuroblastoma who
underwent transabdominal ultrasound imaging during January 1992 - December 1997
were retrospectively reviewed. All cases of Wilm'’s tumor and 8 cases of neuroblastoma
were pathologically proved. The diagnosis of remaining 9 cases of neuroblastoma was
made by positive urine vanillylmandelic acid plus bone marrow involvement (n=7),
bone marrow involvement plus leptomeningeal metastasis (n=1) and bone marrow
involvement plus leptomeningeal metastasis plus bilateral retrobulbar mass (n=1). The
tumor echogenicity, cystic component, tumor border, pseudocapsule, midline crossing,
presenting of calcification and lymphadenopathy were reviewed and analyzed.

RESULTS

Statistically significant (p< 0.05) finding that was often seen on ultrasound of
Wilm’s tumor was cystic component (p = 0.0006) while the neuroblastoma often
revealed calcification (p = 0.013). There was no statistically significant in echogenicity
(p=0.397), tumor border (p = 0.086), midline crossing (p = 5.26), ipsilateral caliectasis
(p=1.177) or lymphadenopathy (p = 0.055) between Wilm'’s tumor and neuroblastoma.

CONCLUSION

[nitial ultrasonography in children presenting with palpable abdominal mass was
non-invasive and useful. The mass with cystic component was more specific for Wilm’s
tumor than neuroblastoma. The mass contained calcification was statistically
significant for neuroblastoma.
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INTRODUCTION

Wilm’s tumor and neuroblastoma repre-
sent the two most common solid abdominal
masses of infant and childhood. One can usually
determined whether the mass is intrarenal or ex-
trarenal by means of an intravenous pyelogram.
This distinction at time may be difficult, and an
incorrect diagnosis may result.

Ultrasonography is a useful method to
evaluate abdominal mass in children because of
its readily availability, non-invasive and no expo-
sure to radiation. So ultrasonogram is prefered as
primary screening.

Many previous reports have described the
ultrasonographic appearance and emphasized the
use of ultrasonography in the evaluation of
echogenicity, size, consistency and extent of the
tumor. But the characteristic findings of each
disease have not been documented. Distinguish-
ing an intrarenal huge mass from extrarenal
location is difficult. Each tumor may have inva-
sive behavior and extents outside its compartment.

The purpose of this paper is to compare
the ultrasonographic pattern of 15 cases of Wilm’s
tumor and 17 cases of neuroblastoma, to evaluate
the ability of ultrasound in distinguishing between
these two neoplasms, and to determine charac-
teristic features of each disease.

MATERIALS AND METHODS

Technically adequate gray-scale ultrasono-
grams of 15 cases of Wilm’s tumor and 17 cases
of suprarenal neuroblastoma from Srinagarind
hospital between January 1992-December 1997
were retrospectively reviewed. All cases of Wilm's
tumor were pathologically proved. For 17 cases
of neuroblastoma: 8 cases were proven pathologi-
cally, 7 cases had positive bone marrow aspira-
tion plus urine VMA, 1 case had positive bone
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marrow plus leptomeningeal metastasis and 1 case
had positive bone marrow aspiration plus leptom-
eningeal metastasis plus bilateral retrobulbar
masses with periorbital echymosis.

The tumor echogenicity, cystic component,
tumor border, midline crossing, presence of calci-
fication, caliectasis of ipsilateral kidney and lym-
phadenopathy were reviewed and analyzed.

Fisher’s exact test was used to established
two-tailed p values. The differences between ul-
trasound finding in patients with Wilm’s tumor
and neuroblastoma were considered statistically
significant when the p value was less than 0.05.

RESULTS

The peak age incidence of Wilm'’s tumor
is at less than | year and another peak is at 4 years
(range 1 month-8 years). The peak incidence of
neuroblastoma is at 4 years old (range 1 month-9
years). Fourteen Wilm’s tumor patients presented
with palpable abdominal mass and one patient with
hematuria. Neuroblastoma cases had variable pre-
senting symptoms: palpable abdominal mass 10
patients, exophthalmos and periorbital echymosis
4 patients, spinal cord compression 1 patient, he-
moperitoneum 1 patient and bone pain 1 patient.

Ultrasonographic findings of Wilm’s tu-
mor and neuroblastoma were compared and ana-
lyzed as shown on table 1. The Fisher’s exact test
was used to establish two-tailed p value for each
of the ultrasonographic finding. Statistically sig-
nificance is considered at p value <0.05.

Wilm’s tumor had predominate cystic
component that presented in 8 of 15 patients which
could be a single large cystic area or multiple small
discrete cysts while neuroblastoma was not dem-
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onstrated this finding (p value = 0.0006) (Graph
1, Fig 1,2 ). Neuroblastoma was shown to have
calcified component in 11 of 17 patients but this
character was not found in Wilm’s tumor (p value
= 0.0136) ( Graph 2) . The calcified component
in neuroblastoma ranged from fine granular to
large dense calcification ( Fig 3A,B, 4).

Both neoplasms had heterogeneous
hyperechogenicity. The size of Wilm’s tumor
ranged from 5 cm to 19 cm, while neuroblastoma
was 2.9 cm to 16 cm. The diameter of both tu-
mors were mostly 5-10 cm and showed no statis-
tically significant difference.

MAY - AUG. 2000 Volume VI Number 11

Wilm’s tumor had well-defined border in
12 of 15 cases while neuroblastoma had only 3 of
17 cases (Fig 5 ). Caliectasis of ipsilateral kidney
was observed in 1 case of Wilm’s tumor and 4
cases of neuroblastoma (Fig 6).

Six of 17 cases of neuroblastoma had meta-
static nodes at first presentation while Wilm's tu-
mor had only one. (Fig 7)

Metastases at presentation was found in
12 patients of neuroblastoma (4 pulmonary, 1 liver,
6 brain and 6 skeleton). Only one pulmonary me-
tastasis was found in Wilm’s tumor.

CYSTIC COMPONENT
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NUMBER
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GRAPH 1 Cystic component of Wilm's tumor and
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GRAPH 2 Calcification of Wilm's tumor and neuroblastoma

159



THE ASEAN JOURNAL OF RADIOLOGY

MAY. - AUG. 2000. Volume VI Number 1

Table 1 Ultrasonographic findings of Wilm’s tumor and neuroblastoma, statistical analysis.

FINDINGS WILM’STUMOR | NEUROBLASTOMA | P VALUE
HETEROGENEOUS ECHO 13 15 0.397
HYPERECHOGENICITY 14 15 0411
CYSTIC COMPONENT 8 0 0.0006
CALCIFICATION 0 6 0.0136
WELL-DEFINED BORDER 12 9 0.086
SIZE> 10 CM 6 3 0.12
MIDLINE CROSSING 10 7 5.26
CALIECTASIS 1 - 0.177
LYMPHADENOPATHY OR METASTASIS 1 14 0.000003

Fig. 1 Wilm’ tumor in a2 year-old-boy. Trans-

verse ultrasonographic image of Rt. flank
shows a solid renal mass with small cystic

areas at the periphery of the tumor.
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Fig. 2 Wilm’s tumor. Longitudinal ultrasono-
graphic image of this 2 year-old boy shows
a large Lt. abdominal mass. Multiple small
cystic areas, varying in size distributed in
the entire mass.
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Fig. 3A Fig. 3B

Fig. 3A Longitudinal ultrasonogram of Rt. upper ~ Fig. 3B Another nres Uf_ the same patient shows
quadrant in a 4 year-old boy with Rt. dense calcification.

adrenal neuroblastoma. There is a round-
shaped mass with isoechogenicity com-
pared to the adjacent liver parenchyma,
containing a large area of calcification.
Pressure effect to upper pole of Rt
kidney is also demonstrated and
confirmed the extrarenal in origin of the
tumor.

Fig. 5 Wilm’s tumor in 5 month-old girl with
palpable Rt. flank mass. Longitudinal
ultrasonogram of Rt. upper abdomen

Fig. 4 Transverse ultrasonogram ina 9 year-old shows a large well demarcated homoge-
girl with huge Rt. adrenal neuroblastoma. neous hyperechoic mass. Hypoechoic rim
The neoplasm shows inhomogeneous high of the compressed renal parenchyma or
echogenicity containing conglomerated pseudocapsule surrounding the tumor
area of calcifications. mass is also observed.
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Fig. 6 Neuroblastoma. Longitudinal ultrasono-
gram of Lt. upper abdomenina 4 year-
old-girl presented with Lt. abdominal
mass. There is a large poorly demarcated
heterogeneous hyperechoic mass anterior
to the kidney. Caliectasis of the ipsilateral
kidney is shown.

DISCUSSION

Wilm’s tumor and neuroblastoma
represent the two most common abdominal
malignancies in infant and children with a peak
age incidence at 2-3 years.” Since neuroblastoma
originates from the sympathetic nervous system
outside the kidney and Wilm’s tumor from
remnants of the adult kidney (metanephric
blastema), radiologic differentiation is usually
possible by determining whether the mass is
intrarenal or extrarenal. It is well known that
ultrasonography is helpful in establishing this
relationship.**

Occasionally, however, despite technically
good urograms and ultrasonograms, it is
impossible to determine the origin of the mass.

Rarely. a diagnosis made solely on the basis of

this intrarenal or extrarenal distinction will be
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Fig. 7 Neuroblastoma. Transverse ultrasonogram
of upper abdomen in a 4 year-old-girl
presented with Lt. upper quadrant mass.
There is a large poorly defined heteroge-
neous hyperechoic mass at Lt. renal fossa.
Enlarged paraaortic lymphnode causing
encasement of abdominal aorta, lateral
displacement of IVC (arrowhead) with
luminal narrowing is also demonstrated.

incorrect. A Wilm’s tumor that arises peripherauy
within the kidney and grows in an exophytic
manner may mimic with an extrarenal neuroblas-
toma.** Although neuroblastoma does not arise
within the kidney, those with direct renal invasion
often resemble neoplasms originating from the
kidney.'” Rarely, Wilm’s tumor may originate in
the metanephric blastema outside the kidney and
therefore presents as an extrarenal mass.' Wilm'’s
tumor and neuroblastoma appear to have distinc-
tive ultrasonographic appearances, ultrasound 1s
usually able to differentiate between the two
malignancies independent of their relation to the
kidney and thus can overcome these difficulties
In most cases.'

A knowledge of the pathology of these two
tumors 1s helpful in understanding the difference
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in their ultrasonic appearance. The typical Wilm’s
tumor is sharply marginated, compressing the
renal tissue and forming a pseudocapsule. Focal
hemorrhage and necrosis may be encountered but
are seen less frequently than in neuroblastoma. On
microscopic examination there is typically admix-
ture of three components: stroma, epithelial and
blastematous elements.® Neuroblastoma, however,
may be sharply marginated in some regions but is
often locally invasive and fades into the adjacent
tissue. Unlike the Wilm’s tumor, the neurob
lastoma has a much more variably echogenic
pattern on ultrasonographic examination. Hemor-
rhage, necrosis and dystrophic calcification are
common. Microscopically, the tumor is very
cellular without much collagenous stroma.®

Ultrasonographic findings of Wilm's
tumor in our study was a well-marginated, large
heterogeneous hyperechoic mass with cystic
component predominate. Neuroblastoma was a
large heterogeneous hyperechoic mass with
predominate calcific component. Few cases of
Wilm’s tumor (1 case) and neuroblastoma (4 cases)
showed caliectasis of ipsilateral kidney. The
reason of few cases of the caliectasis may be due
to both kinds of the tumors presented with large
masses (> 10 cm in diameter) which caused
distortion or entirely involved the kidneys.

In 1992, David S. Hartman' reported that
Wilm'’s tumor had evenly fair echogenic or evenly
echoigenic with discrete holes that represent
necrosis, and neuroblastoma showed heteroge-
neous echogenicity which result from quite
cellular and extensive area of hemorrhage with
necrosis and microcalcification.' In this study, the
authors also found predominate cystic component
in Wilm’s tumor (p value = 0.006) but no statisti-
cally significant in heterogenicity.

In 1985, George O. Atkinson reported 3
cases of cystic neuroblastoma as a rare form of

MAY. - AUG. 2000. Volume V1 Number II

Neuroblastoma.’ In 1992 D.P. Croitoru, A.B.
Sinsky also reported a case of cystic neuroblas-
toma with multiple septation.'” However, there was
no cystic component in neuroblastoma in our
study.

Many studies reported that calcification is
more common in neuroblastoma.'>!’ And our
study also found that calcification is a charac-
teristic finding of neuroblastoma (p value 0.0136).
In 1995,Sandra K. Fernbach et al'''2"*!* reported
5% of Wilm'’s tumor had calcification, but in our
study, no calcification was found in ultrasonogram
of Wilm’s tumor.

Lymphadenopathy or other organ metas-
tasis were found in 14 cases of neuroblastoma.
One patient with pulmonary metastasis was
observed in Wilm’s tumor but no lymphadeno-
pathy was detected. Metastasis at first presen-
tation was predominated in neuroblastoma with
statistical significant (p value 0.000003).

From previous documents, midline
crossing is more frequent in neuroblastoma.'? In
our study, Wilm’s tumors cross midline 10 of 15
cases while, neuroblastoma had 7 of 17 cases. This
finding may depends on tumor size, as we found
tumor larger than 10 cm in 6 of 15 cases of Wilm’s
tumor and 3 of 17 cases of neuroblastoma.

CONCLUSION

Ultrasonography is a useful, non-invasive
method in differentiation between Wilm’s tumor
and neuroblastoma. Wilm’s tumor has predo-
minated cystic component while calcification is
specific finding for neuroblastoma. Metastasis at
presentation is another clue for diagnosis of
neuroblastoma. No statistical significant in the
differences of tumor echogenicity, tumor border,
midline crossing or caliectasis of ipsilateral
kidney 1s observed.
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THE CORRECTION OF ELECTRON OUTPUT AT EXTENDED SSD

L. TUNTIPUMIAMORN', V. POLWATSATIAN!'

ABSTRACT

Correction of electron output at extended treatment distance in Mitsubishi ML-
15 MIII Linear Accelerator that available with the solid closed-sided applicator was
performed. Comparison of electron outputs from inverse square law (ISL) correction
with the outputs from direct measurement in electron field 4x4 to 14x14 cm?, 101-115
cm SSDs with energies at 8,10,12, and 15 MeV revealed that ,with a nominal SSD ,the
ISL calculation will provide the corrected output that fitting within + 3 % of the mea-
sured output if the field size is equal to or larger than 10x10 cm? in all gaps and all
energies. While with the effective SSD, the calculated outputs were found to agree with
all the measured doses in all field sizes, all SSDs, and all energies in the study.

INTRODUCTION

Due to the limitation of the electron
applicator or cone and sites of treatment such as
head and neck, groin and vulva, extended source
to surface distance (SSD) electron beam treat-
ments are occasionally performed. Corrections to
dose rate or output at extended SSD do not
follow the inverse square law (ISL) if the
nominal value of SSD (usually 100 cm.) is used.
Because the interactions of electron with the
components of accelerator head and the applica-
tor differ from the photon. Therefore, the
electron point source does not exist at the
accelerator window as in the case of photon.' It is
desirable to represent the extended electron point
source so that divergence correction formulae
such as ISL can be applied. Two methods of
characterizing electron point source are virtual
point source** and effective point source.® Either
method is considered acceptable for calculating
output at extended treatment distance. Except that
the use of virtual SSD to predict dose variation
with distance requires another correction factor
in addition to ISL relationship while the effective

SSD does not.® Moreover, because the electron
output are strongly affected by the scatter from
the cones. Thus, in this study we would like to
investigate that with the closed-sided electron
applicators that are available in our linear
accelerator, nominal or effective SSD will be
suitable in correcting electron output at extended
SSD treatment.

MATERIALS AND METHODS

Three solid closed-sided square and
rectangular electron applicators were shaped into
4x4, 6x6, 8x8,10x10,12x12 and 14x14 cm? fields
by inserting the lead cut-outs that have suitable
thickness for electron energies at 8,10,12, and 15
MeV.

Then, the depth of dose maximum (d_ )
in each electron field and beam energy will be
determined from the film isodose measurements.
Type of film using are Kodak X-OMAT TL Ready
pack film. All films were processed by Kodak X-

! Division of Radiotherapy. Department of Radiology. Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok-10700,
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OMAT Auto Processor M-35 and the optical
density was read by the X-Rite 301 black and
white densitometer that the aperture is Imm. in
diameter.

After that, the measurements of output at
d_, were undertaken in water phantom by Farmer
Dosemeter Type 2571 ionization chamber and
electrometer. The measurements were made in a
given electron field and beam energy at various
SSD values ranging from 100-115 ¢cm. These
electron outputs from direct measurements at
various SSDs will be compared with the electron
outputs from the ISL calculation that the
equation was shown following

Dose , = Dose , {(SSD+d_ )/ (SSD+d_ + Gap)}*.......... (1)

|||||

Dose  and Dose are the outputsat gap g
and at the standard nommal SSD 100 em., d__ is
the depth of dose maximum for a given electron
field and energy.

The SSD value in an equation (1) could
be either a nominal SSD 100 cm. (SSD,,,) or
effective SSD (SSD,,,. ) as shown in equation (2)
and (3) below.

Dose  =Dose  {(SSDy,+d,, W(SSD,,+d, + Gap)}*... (2)
and
Dose, = Dose,, {(SSD,,, +d, W(SSD,.+d_ +Gap)}’ . .........(3)

The method to obtain the value of
effective SSD was proposed by Khanetal (1978).°
Q , 1s the 1onization charge reading at d__ at the
standard nominal SSD and Q, is the charge
reading at d _at various gaps ( in this study the
gaps from applicator end to phantom surface, g

=1,2,3,6,9,12,and15 cmrespectively ). The value
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of effective SSD for a given electron field and
energy then be determined from the value of the
slope of the curve plotting between the ratio of
((;)0/(111_‘)”2 and gap g as shown in an equation (4).
Figure 1 1s an example to determine the effective
SSD in electron field 10x10 cm?, 10 MeV energy
by this method.

SSD,,, = lfslope - d (@)

s,

Cone 10 x 10 . 10 MeV

( Qoiag ) 12

1.2 Slape

115 = 100950503
11
D..

1.05
= ldem

1

095 Effective 55D

= 9K.36cm
o 5 10 15 20

Gaps (cm)

Fig.1 The curve plotting (Q/Q,)"*as a function
of gaps in electron field 10x10 cm?10
MeV energy

Data will be analyzed by comparing the
percentage of dose difference or variation between
the calculated dose both with a nominal SSD and
effective SSD in the ISL calculation to the dose
from direct measurement.

% Dose vanation = Calculated dose — Measured dose x 100
Measured dose

RESULTS

The values of effective SSD in each
electron field and beam energy that determined
from a set of measurements are presented in
Table 1.
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Table 1. Effective SSD for various field sizes and beam energies

Field size Effective SSD (cm)

(cm?) 8Mev 10MeV 12 MeV 15 MeV
4x4 59.14 65.88 69.66 75.18
6x6 66.83 73.94 78.69 86.48
8x8 84.98 90.46 98.25 93.36
10x10 91.28 98.56 95.48 100.65
12x12 96.44 102.53 100.91 102.85
14x14 98.93 101.50 103.39 95.87

The data in Table 1 clearly showed that
the values of effective SSD in small fields promi-
nently increased with the beam energy and also
are much lower than the value of the nominal stan-
dard SSD. While in the large fields, the values
are close to a nominal SSD and not depend on
beam energy.

[JssD Eft

M 5SD Nom

% Variation

Gap (cm)

| ——
15 [ CIsSD Eff

W ssD Nom

w

% Variation

0 1 2 3 ] ] 12 15 Gag( om))

Comparisons of the output correction both
with a nominal SSD and effective SSD in the ISL
calculation with the output from direct measure-
ment are simply presented by curves that plotting
between the percentage of dose variation and gap
distances as shown in Fig.2-Fig.7

Cone 4 x4 ; 10 MeV
21 T = == e
8 +— — - — —T i
[C)ssD Ef
15 1 [
5
12 T | M 5SD Nom
]
=
“ 9
6 -t
3 - L
0 -
o 1 2 3 6 @ 1 5 Gaelcm)
Cone 4 x 4 : 15 MeV
21
1§ ——————————————
15 1 e [ ssD Ef
5
§ M S50 Nom
>
*®

Gap (cm )

0 1 2 3 6 9 12 15

Fig. 2 Curve plotting the percentage of dose variation as a function of gaps in electron field 4x4 cm’

at all energies
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6 6
3 3
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21
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3 3
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Fig. 3 Curve plotting the percentage of dose variation as a function of gaps in electron field 6x6 cm’
at all energies
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Fig. 4 Curve plotting the percentage of dose variation as a function of gaps in electron field 8x8 cm?

at all energies
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Fig. 5 Curve plotting the percentage of dose variation as a function of gaps in electron field 10x10

cm? at all energies
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Fig. 6 Curve plotting the percentage of dose variation as a function of gaps in electron field 12x12
cm?’ at all energies

171



THE ASEAN JOURNAL OF RADIOLOGY

[a%]
-

ik
<o
Il

o

(4]
Il
+

[Jssp Eft
|

' MSSD Nom

e
%]

% Variation

w

! —_—T 1 |

0 1 2 3 6 9 12 15GAP(cm)

CONE 14 x 14 ; 12 MeV

N
e

b
o

-
w

[JssD Eff

-k
3%

% Varniation

M ssD Nom

[{e]

3
0 rm Cm r._[._D._EL_

0 1 2 3 6 9 12 15 GAP(cm)

MAY. - AUG. 2000. Volume VI Number I

CONE 14 x 14 ; 10 MeV

21
18
15
=
_§12 [ ssD Eff
<
209 ’lssn Nom
6
3
0 B |
0 1 2 3 6 9 12 15 GAP (cm.)
CONE 14 x 14 : 15 MeV
21
B 1+ -
15 —
5 - |
§12 __} SSD Eff
g |
® 9 ’Isso Nom‘
. - d _
3
O A

0 1 2 3 6 9 12 15 GAP(cm)

Fig. 7 Curve plotting the percentage of dose variation as a function of gaps in electron field 14x14

cm’ at all energies
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was seen in 10x10 cm? field .at almost energies,
that the dose variation were in +3% of the
measured dose at all gaps. However, nominal SSD
in the ISL dose correction are also found to be
valid in small fields with in some small gaps. We
summarized the maximum gap available for dose
correction when a nominal SSD is in the ISL
calculation as presented in Table 2.

Based on Figure 2 to Figure 7, 1t could be
seen that if the effective SSD is in the ISL calcu-
lation, the corrected dose will be fitted within +3%
of the measured dose in all field sizes, all SSD
distances and all energies in the study. In contrast
with the nominal SSD, the percentage of dose
difference will be significantly high in small fields
such as 4x4 and 6x6 cm’ and in large gaps. But it
will decreased rapidly with the beam size As it

Table.2 Maximum gap available when a nominal SSD is in the ISL dose correction at extended SSD

Field size Energy (MeV)
(cm?) 8 MeV 10 MeV 12 MeV 15MeV
4x4 2 3 3 3
6x6 3 3 3 3
8x8 9 9 15 14
10x10 1 15 15 15
12%12 15 15 15 15
14x14 15 15 15 15

DISCUSSION AND CONCLUSION

In this study, we characterize the extended
electron point source with the effective SSD
method because of its advantages over the method
of virtual point source. The effective SSD is
measured under more realistic conditions of
collimation and phantom scatter. Moreover, it is
independent from depth, so the effective SSD that
normally determined at d __ would be adequate
for correcting dose at all depths.*

Effective SSD is known to vary with field
sizes and strongly depend on the accelerator
characteristics. For a given energy, the effective
SSD depends strongly on the collimator opening
and for a given collimator opening, the effective
SSD depends on the energy of the beam.*” This
investigation, with the difference in electron
applicator design, the results agreed with the
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previous studies in small fields only. In large
electron fields (> 8x8 ecm?), it showed that the
effective SSD were independent from both field
size and beam energy.

It can be concluded from this study that,
with the effective SSD, the inverse square law
correction agreed for all field sizes, all SSDs and
all energies. With the nominal SSD , the corrected
dose will agree in all gaps, all energies in the study
if the field size is equal to or larger than 10x10
cm?. However, in small fields such as 4x4 and
6x6 cm?, if the gap in the treatment is not too
large. the nominal SSD are found to be valid in
dose correction also. Use of the effective SSD or
nominal SSD in correcting electron output at
extended SSD treatment depends on clinical
situation.
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EARLY DETECTION OF BREAST CANCER BY IMAGING

Darunee BOONJUNWETWAT, M.D.!

Breast cancer is common among cancers of women and comes the second rank
in Thai women. The incidence is increasing in these recent years especially in the fourth
to sixth decades. Breast cancer is a major cause of morbidity and mortality. In order to
reduce the death rate, breast cancer must be treated at a small size and early stage. This
requires that the breasts should be evaluated before there are signs and symptoms to
suggest the presence of malignancy. Self breast examination (SBE) and clinical breast
examination (CBE) may not help to detect early lesion until it grew large enough to be
felt by women and her physician. Tmaging modalities are effective tools in early detec-
tion of breast cancer including mammography, sonography, magnetic resonance imag-

ing and scintimammography.

Screening mammography has been
proved to be the most effective method for early
detection of breast cancer. Success or failure of
screening depends on the detection time when the
tumor 1s cured or defered death. Many studies
have repeatedly shown that prognosis is directly
related to the size of the cancer, then the goal of
screening mammography is to detect the lesion at
early stage when the metastatic disease is free.
Early lesion is the status of early growth usually
lower than 1 centimeter which could not be
evident by palpation. Each tumor does not have
synchronized growth, the time for the preclinical
phase to clinical event called “Sojourn time”.
Time between screening is critical importance.
The ideal for early detection is to have the screen-
ing interval being short. On the other hand, the
cost in screening is high that effect the economic
status. The American cancer society (ACS) and
the National cancer institution (NCI) promote for
all women to have screening mammography at a
favourable peroid of 40-80 years. They suggest
that a high screening frequency results in more
life time gained especially at relatively young ages.
For the high risk groups are recommened to have
screening at the age 35 years. Genetic,
envivonmental, and gene-environvmental interac-
tions are factors which induced breast cancer.

The major risk factors for breast cancer are
these followings.

- Age after 35

- Early menarch

- Late menopause

- Nulliparity

- Late age at first full term pregnancy (af-
ter age 30)

- Affected first degree relative (mother,
sister, or daughter)

- Previous history of breast cancer

- Biopsy proof of atypical epithetial pro-
liferation

- Biopsy proof of lobular carcinoma in situ

Mammography should be performed in the
right way by the trained technologists in order to
obtain good image. Basically, two standard views
are required for each breast including mediolateral
obilique and craniocaudial views. Additional
views including spot compression, cone down or
magnification may be necessary for the doubtful
lesion. The received radiation dose 1s low which
is in the safety limit. Women should be better
informed about the risks of mammographic screen-
ing especially for the low dose radiation gained.
the compressive effect from the technique and the
uncertainty in the diagnosis of carcinoma in situ.

| Department of Radiology, Faculty of Medicine, Chulalongkorn University, Bangkok THAILAND.
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Now a days, the mammographic equipment has
been developed by advanced technology in order
to reduce the radiation dose and to get very good
detail of internal structures. Advanced digital
mammography 1s promising in the future for the
quantitative analysis of the radiographic features
of microcalcifications and masses that may help
the radiologists to improve their specificity. Note-
worthy the important factors influenced the early
cancer detection are :

1. Good equipment
2. Good technique
3. Good interpretation

BREAST ULTRASOUND

Since the sensitivity of mammographic
detection of lesion is reduced in women with dense
breasts. The Asian women usually have smaller
and dense breasts than the Western women. The
normal mammographic breast patterns of Thai
women of Chulalongkorn hospital were studied
and the result was that 80% of women in the ages
of 40 to 60 years have dense breasts. Breast ultra-
sound has been accepted to be the primary
imaging modality in early detection of breast
cancer in dense breasts, and widely used in
Chinese women. Basically, breast ultrasound is
used strictly for diagnosis, the benefits are to
distinguish between solid and cystic mass, and to
differentiate benign versus malignant lesion. On
the otherhand, the microcalcifications can not be
detected by ultrasound, then the early cancer
presenting with microcalcifications would be
missed. Several studies have been reported that
10 to 30% of women who have breast cancer have
negative mammograms and for the women who
went for biopsy, only 20% to 40% have breast
cancer. The major goal of breast ultrasound is to
give a more specific diagnosis but not for cancer
screening. The development of the advanced
ultrasound equipments that provide the excellent
resolution and superb color doppler study, help to
gain much more informations of the lesion. The
main purposes of performing breast ultrasound
are :
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1. to prevent unnecessary biopsy

2. to obviate “short term” follow up

3. to judge the indeterminate lesion for
biopsy

4. to guide needles procedures

MRI is one of the imaging tool in
evaluating breast lesion with the requirement of
contrast enhancement. Although mammography
1s accepted to be an effective method of early breast
cancer detection, there are some weaknesses that
limit the sensitivity and specificity. The factor
masking the tumors are including the histologic
tumor type, the absence of microcalcifications and
the presence of dense breasts. MRI is used as a
second level screening technology that may be able
to detect early cancers with clinically and
mammographically occult cancers. MRI give the
additional capability for the diagnostic problem
cases, these include :

1. Suspected leaks from silicone implants

2. Follow up multiple known mammo-
graphic or sonographic lesions.

3. Women with radiation phobia

4. Strong familial history of breast cancer
with dense breasts

5. Metastases thought to be of breast
origin but negative mammography

SCINTIMAMMOGRAPHY

PET (position emission tomography) plays
an important role in breast imaging providing
anatomical imaging method as well as function
information with dynamic imaging. Many kinds
of radiophamaceutical agents used for scintimam-
mography including *°' T1 Cl, Tc* sesta MIBI and
Tc?™ MDP were proved to increase the sensi-
tivity and specificity in the cases of palpable
masses. The sensitivity and specificity of mam-
mography are lower in young patients, dense
breasts, fibrocystic change, dysplasia, implanta-
tion, and evaluation after biopsy, surgery or
radiotherapy. Scintimammography is introduced
for these conditions. The mechanisms of increased
uptake in the lesion are hypothesized as :
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- changes in secretory function and cell
metabolism with calcium accumulated in the
necrotic degenerative tissue and modification of
permeability.

- increased vascularization, inflammatory
change and angiogenesis

- active mitochondria in neoplasm

- hormonal effect

The scintimammograms of breast cancer
and some benign conditions with hypercellularity
such as fibrocystic disease and fibroadenoma show
abnormal increased uptake. To distinguish benign
and malignant lesion depends directly on the
calculated value of the tumor uptake ratio. A com-
parative study of breast cancer detection between
the scintimammography and mammography in a
group of patients of Chulalongkorn hospital, the
results confirmed that scintimammography gave
more specificity and accuracy for detection of
breast cancer larger than 1 centimeter. Scintimam-
mography should be used as a complementary to
mammography, especially for the indeterminated
lesion, in order to avoid the unnecessary biopsies.
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THE CRAZY-PAVING PATTERN; A NONSPECIFIC
SIGN ON HRCT CHEST

Piyaporn Limanond; M.D., Orasa Chawalparit; M.D.,
Trongtum Tongdee; M.D., Poonsook Jitnuson; M.D.,
Pornpim Fuangtharntip; M.D. and Kobkun Muangsomboon; M.D.

ABSTRACT

Purpose : To report the crazy—paving pattern on High Resolution Computed
Tomography (HRCT) chest found in our institute which were caused by various
processes other than pulmonary alveolar proteinosis (PAP)

Materials and Methods : From June 1998 to August 1999, 4 patients (3 male
and 1 female, mean age 38.5 years, range 23-52 years) with crazy-paving pattern on
HRCT chest were diagnosed by 2 radiologists. Retrospective review of the imagings
was performed with clinical and pathologic correlation.

Results : The crazy-paving pattern in our institute was caused by various
processes, including 1 bronchioloalveolar carcinoma, 1 lipoid pneumonia, 1 PAP and 1

pulmonary hemorrhage.

Conclusion : From our findings, we can conclude that the crazy—paving pattern
is only a nonspecific sign on HRCT chest, resulted from multiple causes. Clinical and
pathologic correlation are necessary for differential diagnosis.

INTRODUCTION

The crazy—paving pattern on High Reso-
lution Computed Tomography (HRCT) chest was
previously known as a characteristic sign of
pulmonary alveolar proteinosis (PAP), consisting
of geographic areas of ground-glass alveolar
infiltration with superimposed smooth thickening
of interlobular septa.

Based on open lung biopsy, well-demar-
cated geographic areas of ground-glass consoli-
dation are explained by filling of alveolar spaces
with PAS-positive phospholipoprotein materials
whereas superimposed smooth interstitial
thickening reflects septal edema and alveolar wall

infiltration by lymphocytes and macrophages.

We report 4 cases of crazy-paving pattern
on HRCT chest; found in our institute with clini-
cal and pathologic proving not to be caused by
only PAP but various causes.

MATERIALS AND METHODS

From June 1998 to August 1999, 4 patients
(3 male and 1 female); age range from 23 — 52
years (mean age 38.5 years); showed crazy-pav-
ing pattern on HRCT chest. The imagings were
blindly reported by 2 radiologists without patho-
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logic correlation.

The HRCT chest of these patients were
performed by Philips Tomoscan AVE 1, using 1-
mm collimation, high-spatial frequency recon-
struction algorithm, 1-second scan time, 120-140
kVp, 150-175 mA and 512x512 matrix size.

Retrospective review with clinical and
pathologic proving of these 4 patients were done,
showing variation of causes.

RESULTS

Case 1 : a 33-year-old man presented to
his primary physician with chronic cough and
blood-tinged sputum. A chest radiograph showed
minimal fibronodular infiltration at RUL, that was
diagnosed to be pulmonary tuberculous infection.
He had received anti-TB drugs for 6 months but
no clinical improvement. A 1-year subsequent
chest radiograph revealed progression of RUL
infiltration with an irregular-walled cavity at RUL.
The HRCT chest (Fig. 1) demonstrated a
geographic area of ground-glass consolidation at
the posterior segment of RUL with superimposed
smooth thickening of interlobular septa (crazy-
paving pattern). A large cavity about 5 x5 cm was
demonstrated nearby the consolidation. It had thick
irregular wall with internal septation. Broncho-
scope and transbronchial biopsy showed
bronchogenic carcinoma, non-small cell type.

Case 2 : A 23-year-old man presented with
productive cough and progressive dyspnea for 2
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months. A chest radiograph showed bilateral
alveolar infiltration. Subsequent HRCT chest (Fig.
2) revealed diffuse ground-glass opacity with
smooth interlobular septal thickening (crazy-pav-
ing pattern) in both lung fields. The pathologic
findings from lung biosy highly suggested lipoid
pneumonia with interstitial fibrosis.

Case 3 : A 52-year-old man presented with
dyspnea for 1 month, showing bilateral intersti-
tial infiltration in chest radiograph. The HRCT
chest (Fig. 3) demonstrated discrete geographic
ground-glass consolidation with superimposed
interlobular septal thickening (crazy-paving
pattern) in both lung fields, a highly suggestive
sign for PAP. Bronchoscopic and bronchoalveolar
larvage findings also supported the diagnosis.

Case 4 : A 46-year-old woman presented
to her chest physician with cough and blood-tinged
sputum for 3-4 days. No history of weight loss or
previous trauma was interviewed. Her chest ra-
diograph showed normal findings but subsequent
HRCT chest (Fig. 4) revealed a small area of crazy-
paving pattern at the anteromedial basal segment
of LLL. Her first bronchoscope revealed an orga-
nized hematoma at the basal segment of LLL bron-
chus without cytologic or histologic evidence of
malignancy. Her symptoms were spontaneously
improved without any treatment. A 1-week-suh-
sequent bronchoscope showed resolving he-
matoma with nearby dilated bronchial vessels. Her
chest physician believed that the crazy-paving
pattern was due to pulmonary hemorrhage from
spontaneous rupture of dilated bronchial vessels.
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Fig. 1 Bronchogenic carcinoma, non-small cell  Fig.2 Endogeneous lipoid pneumonia. HRCT

type. HRCT chest of a 33-year-old man,
who presented with chronic cough and
blood-tinged sputum, revealed the crazy-
paving pattern at the posterior segment of
RUL with a nearby large cavity showing
thick irregular wall and internal septation.
Transbronchial biopsy showed bron
chogenic carcinoma. non-small cell type.
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chest of a 23-year-old man, who presented
with productive cough and progressive
dyspnea for 2 mo., revealed diffuse crazy-
paving pattern in both lungs fields. The
pathologic findings highly suggested to be
lipoid pneumonia.
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Fig. 3 PAP. HRCT chest of a 52-year-old man,
who presented with dyspnea for 1 mo.,
demonstrated discrete geographic areas of
crazy-paving pattern in both lung fields.
Pathologic findings supported the diagno-
sis of PAP.

DISCUSSION

Pulmonary alveolar proteinosis (PAP) is
an idiopathic disease which associates with dust
exposure (silicoproteinosis) and other immunode-
ficiency. Its pathophysiology is overproduction of
surfactant by pneumocyte type 2 with defective
clearance of surfactant by alveolar macrophage.
Surfactant-filling alveoli cause sharp-demarcated
geographic areas of ground-glass consolidation on
HRCT chest. The typical pattern of alveolar infil-
tration in pulmonary alveolar proteinosis is rather
symmetrical ground-glass pattern in bilateral lung
fields, possibly diffuse or bilateral perihilar areas
(bat-wing appearance) with tendency to be promi-
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Fig. 4 Pulmonary hemorrhage. HRCT chest of a
46-year-old woman, who presented with
cough and blood-tinged sputum for 3-4
days and had spontaneous improvement
without any treatment, demonstrated a
small area of crazy-paving pattern at the
anteromedial basal segment of LLL. Two
bronchoscopic  studies showed an
organized hematoma at the basal segment
of LLL bronchus which rapidly dissappea-
red in 1 wk. and nearby dilated bronchial
vessels.

nent at lung bases. Superimposed smooth thick-
ening of interlobular septa are pathologically
proved to be septal edema and alveolar wall infil-
tration by inflammatory cells. Ground-glass con-
solidation and superimposed interlobular septal
thickening cause a well known radiologic sign on
HRCT chest called Crazy-Paving Pattern which
was previously known as a characteristic sign for
PAP. Although Webb et al." suggested that the
crazy-paving pattern can be found in other dis-
eases such as pneumocystis and cytomegalovirus
infection; until now there is a little information
about other causes.
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Previously, Tan and Kuzo?® reported the
crazy-paving pattern in a patient with bron-
chioloalveolar carcinoma; a well differentiated
primary lung cancer that associates with preexist-
ing pulmonary scar and fibrosis. Bron-
chioloalveolar carcinoma arises along peripheral
bronchiolar and alveolar walls with absence of an
intrinsic bronchial tumor. It has a tendency to
spread locally; using lung structure as a stroma
(lepedic growth) without disrupting lung architec-
ture. Bronchioloalveolar carcinoma has various
radiologic and CT findings such as a single mass,
multiple nodules or diffuse (pneumonic) form.
Crazy-paving pattern is also one of its findings.
Ground-glass opacity reflects alveolar filling of
glycoprotein materials from mucous-producing
cells. Superimposed interlobar septal thickening
represents lepedic growth of tumor cells or
lymphatic edema.

Franquet et al.* recently reported the crazy-
paving pattern in 3 patients with exogeneous
lipoid pneumonia. They had a history of aspira-
tion or inhalation of oily substance and subsequent
pulmonary inflammation. The CT-pathologic
correlation showed that areas of ground-glass
consolidation with negative Hounsfield units
represented alveolar filling with oily substance and
lipid-laden macrophages. Interlobular septal
thickening reflected interstitial infiltration with
inflammatory cells and variable amount of
fibrosis. Due to aspiration cause, the common
areas of pulmonary involvement in exogeneous
lipoid pneumonia are gravity-dependent areas such
as RML and lower lobes. On the contrary,
endogeneous lipoid pneumonia has an unknown
etiology and not associates with history of exter-
nal oil used. Pulmonary involvement of endo-
geneous lipoid pneumonia are also not gravity-
dependent areas. Our patient (case 2) had no
history of external oil used and showed diffuse
crazy-paving pattern in his HRCT chest, compat-
ible with endogeneous lipoid pneumonia.
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In case of pulmonary hemorrhage; ground-
glass opacity reflected alveolar filling by hemo-
lyzed blood. Interlobular septa in area of consoli-
dation appear thicker and denser than normal,
explained by excellent contrast resolution of
pulmonary interstitium stand out prominently from
the background of low-density material filled
alveoli.

We report 4 cases of patients with crazy-
paving pattern in HRCT chest, found in our
institute which have a variation of causes (1 non-
small cell lung cancer, 1 lipoid pneumonia, 1 PAP
and 1 pulmonary hemorrhage). Although a small
number of patients were included in this study.
we can prove that the crazy-paving pattern is only
a nonspecific finding which can be found in
various processes. Ground-glass opacity represents
alveolar filling of low density materials (PAS-
positive phospholipoprotein materials in PAP,
glycoprotein in bronchioloalveolar carcinoma, oily
substance in lipoid pneumonia and hemolyzed
blood in pulmonary hemorrhage). Superimposed
smooth interlobular septal thickening reflects
tumor or inflammatory cell infiltration, septal
edema and fibrosis. So pathologic correlation 1s
sometimes important for definite diagnosis.
However, there are some clues which can be
helpful for differentiation such as previous
history, distribution of pulmonary involvement,
other associated CT findings and the progression
of disease.

Pulmonary alveolar proteinosis (PAP)
associates with history of dust exposure
(silicoproteinosis) or other immunodeficiency. It
has a gradual onset of symptoms with a slow
progression of disease. The pattern of ground-glass
opacity in PAP are usually symmetrical which is
helpful in the differential diagnosis from other
diseases. It is common to involve bilateral perihilar
areas, prominent at lung bases.
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Bronchogenic carcinoma is suspected in
elderly patient with preexisting pulmonary scar or
fibrosis. Asymmetrical involvement, associated
lymph nodes and pleural effusion are helpful in
the differentiation from PAP.

Exogeneous lipoid pneumonia is highly
suspicious in patient who has a history of aspira-
tion or inhalation of oily substance, contrasting
with endogeneous lipoid pneumonia. Clinical
course of lipoid pneumonia has a gradual onset
and a slow progression like PAP. Exogeneous
lipoid pneumonia usually involves asymmetrical
gravity-dependent areas such as RML and lower
lobes. However endogeneous lipoid pneumonia
such as our patient (case 2) was different. He had
diffuse ground-glass opacity in both lung fields.
Lipoid pneumonia sometimes demonstrates areas
of low-attenuated consolidation with negative
Hounsfield units (oily substance). However due
to reactive inflammation and subsequent fibrosis,
oily substance is sometimes obscure and so did
our patient.

A remarkable feature of pulmonary
hemorrhage is rapid resolution. It sometimes
enlarges in early 48-72 hours after its onset
(possible having a history of previous trauma) and
usually has complete resolution in 2 — 10 days.

CONCLUSION

Crazy-paving pattern is an infrequent
finding on HRCT chest. Previously, it was reported
as a characteristic finding in pulmonary alveolar
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proteinosis (PAP). However the more HRCT chest
1s performed; the more crazy-paving pattern is
found. Now it is no longer being a specific sign
for PAP but has a variation of causes. Other than
pathologic correlation; clinical history, distribu-
tion of pulmonary involvement and associated CT
findings are necessary for a definite diagnosis.
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