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Original Article

Diagnosis of Gastroesophageal Reflux Disease in Children:
Comparing Barium Studies with 24-hour Esophageal pH Monitoring

Ratanaporn Pornkul, MD.', Warattha Wachirapanone, MD.',
Kaimuk Petsrikun, RN?, Suporn Treepongkaruna, MD.’

' Department of Radiology. ° Department of Nursing. * Department of Pediatrics.
Faculty of Medicine. Ramathibodi Hospital. Mahidol University, Bangkok. Thailand

Abstract

Background: Twenty-four-hour esophageal pH monitoring is a useful investigation for diagnosis of gastroe-
sophageal reflux disease (GERD), however. it is not widely available in developing countries including Thailand.
Barium studies are widely available in our country. The objective of this study was to compare the sensitivity and
specificity of the modified barium studies in our hospital with the 24-h esophageal pH monitoring for diagnosis
of GERD in children.

Subjects and methods: All children suspected of GERD who underwent barium studies and 24-h esophageal
pH monitoring within 14 days. during the 7 consecutive-years period. were retrospectively reviewed. Criteria for
diagnosis of GERD by 24-h pH monitoring were having fraction time with pH below 4.0 more than 10% in infants
and 5% in older children.

Resuilts: Total 159 children met the criteria; 7 cases were excluded due to incomplete data. Comparing to
24-h pH monitoring, barium studies showed a sensitivity, specificity and accuracy of 61.2%. 37.7% and 47.4%,
respectively.

Conclusion: Comparing with 24-h esophageal pH monitoring. modified barium examination still has a rather

low sensitivity. specificity and accuracy for diagnosis of pediatric GERD. Barium studies may be useful for

evaluation of children with clinical suspected of GERD but a limitation for diagnosis of GERD should be aware.

Key words: gastroesophageal reflux disease, 24-hour esophageal pH monitoring, barium studies
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Introduction

Gastroesophageal reflux (GER) is defined as
regurgitation of gastric contents backwardly into the
esophagus and is considered a physiologic condi-
tion."* In contrast to physiologic GER. gastroesopha-
geal reflux disease (GERD) is a condition in which
reflux is pathologic, causing troublesome symptoms
and/or complications which include erosive esopha-
gitis. esophageal stricture. Barrett's esophagus and
respiratory disorders (chronic cough, recurrent
pneumonia, recurrent wheezing) and apparent life
threatening event.’ ® Complications of GERD can be
severe, early diagnosis and treatment of GERD is
therefore essential to prevent potential serious com-
plications”® There are many diagnostic modalities to
diagnose GERD which include upper endoscopy.
24-h esophageal pH monitoring (epHm). combined
multichannel intraluminal impedance (MIl)-pH moni-
toring. barium studies, and gastroesophageal

scintigraphy (milk scan).”®

Each modality has
advantages and limitations and there is no absolute
gold standard for diagnosing GERD”" Single diag-
nostic test is insufficiently accurate, and therefore
the diagnosis and evaluation of GERD may require
two or more studies.

Among these investigations. only barium
studies are widely available in Thailand since they
are easy to perform. tolerable, less invasive and
inexpensive. Moreover. they can demonstrate the
anatomic details of esophagus and upper gastro-
intestinal (Gl) tract as well as the anatomic level of
the refluxate. Some studies suggested that the
sensitivity and specificity of barium studies can be
improved with additional techniques.”" ™ In our
hospital, barium study techniques are modified for
improvement of diagnostic yield for GERD. The

purpose of this study was to compare the sensitivity

and specificity of modified barium studies with
24-hr esophageal pH monitoring for diagnosis of

GERD in pediatric patients.

Subjects and Methods

The study was approved by the Ethic Com-
mittee of Ramathibodi Hospital. All pediatric
patients with suspected of GERD who underwent
24-h epHm and barium studies (barium swallow
study or upper gastrointestinal series) within 14 days
at Ramathibodi Hospital. during the 7 consecutive-
years period. were retrospectively reviewed. The
patients who underwent 24-h epHm but no barium
examinations were excluded from this study. The
results of barium studies were compared with 24-h

epHmM.

Barium Studies

All patients were fasting for 3-4 hours before
studies. The patients were fed with a mixture of one
part of 58 percent wt/wt barium sulfate to four part
of milk (100-180 ml for infants. 190-250 ml for
children over 1 year of age) by feeding bottle or
cup according to age. Feeding via nasogastric tube
was given in those who were unable to drink by
mouth. Effervescent granules were not used. The
barium studies were performed under the digital
subtraction fluoroscopy by one of the two pediatric
radiologists following the same technical instruction.
The patients lied supine in order to place the
esophagogastric junctions in dependent position,
while the fundus and body of the stomachs filled
with barium sulfate. The patients were observed for
GER throughout the barium studies and at the end
of the examination. Intermittent fluoroscopy was
performed every 10 seconds for a maximum of 5

minutes to look for GER. Additional procedures such
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as water-siphon test and provocative maneuvers
such as cough. valsalva maneuver, or abdominal
compression were not performed. We routinely
executed spot films of the esophagus. stomach,
duodenum, and duodeno-jejunal junction in several
views to assess the anatomical abnormalities.
Additional spot films were taken if GER was
detected during the examination. Radiographs of
the esophagogastric junction which includes the
whole thorax while the patients in supine position
were obtained in every case for interpretation of
GER. The patients were diagnosed as having GER
when barium sulfate moving up from the gastric
fundus to the esophagus was detected. regardless
the level and amount of refluxed barium. Esophagitis
was diagnosed when edematous mucosal folds or

irregularity of esophageal mucosa was seen.

24-h esophageal pH monitoring

EpHm was performed by pediatric gastroen-
terologists using a digitrapper MK Ill (Synectics
Liberty System, Sweden). The antimony crystal pH
catheter with electrode (Synectics Medical, Sweden)
was calibrated before each study in buffer of pH
1.07 and pH 7.01. The pH catheter was placed
transnasally and located above the lower esopha-
geal sphincter (LES). at the distance about 87% of
the total esophageal length, measured from the
external nares. The position of LES was determined
by calculating from the child length as previously
described by Strobel et al.“ The position of pH
electrode was re-checked by chest radiograph.”
Regular feedings were given during the study period
but continuous feeding via nasogastric tube was
not allowed. Esophageal pH was continuously
recorded for 24 hour and the recorded data were

transferred to the computer for analysis (EsopHogram

Version 5, Gastrosoft Inc, Sweden). Criteria for
diagnosis of GERD by 24-h epHm were having
fraction time with pH below 4.00 more than 10% in

infants and 5% in older children. respectively.”

Results

Total 159 pediatric patients (98 males. 61
females). aged 2-60 months., met the inclusion
criteria. The most common presenting symptom was
recurrent pneumonia in 111 of 159 (69.8%). Seven
patients were excluded because of incomplete data,
resulted in 152 patients included in this study. By
reviewing the reports as well as the recorded
images. GER was detected by barium studies in 94
of 152 patients (61.8%) and detected as GERD by
24-h epHm in 62 of 152 (40.8%). The sensitivity.
specificity and accuracy of barium studies for
detection of GERD compared with 24-h epHm were
61.2%. 37.7%. and 47.3%. respectively. (Table 1).
Malrotation was detected by barium studies in 3
patients without midgut volvulus. None had esoph-

agitis detected by barium studies.

Discussion

The manifestations of GERD in children
involve both esophageal and extra-esophageal symp-
toms. Because of the diverse clinical manifestations,
the diagnostic evaluation of GERD can be difficult.
Although there are many diagnostic modalities for
GERD in children. none of them is considered as a
gold standard test. Barium studies are useful for
evaluation of anatomical abnormality of the eso-
phagus and upper Gl tract such as hiatal hernia.
esophageal stricture. gastric outlet obstruction and
intestinal malrotation. It is also useful to evaluate
swallowing dysfunction and detect the H-type

tracheo-esophageal (TE) fistula in children who have
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Table 1 Comparison of barium studies with 24-hour pH monitoring for diagnosis of GERD in 152 patients

24-hour pH monitoring

Study
Positive Negative Sensitivity  Specificity Accuracy
{n=62} (n=90) % % %
Barium GER Positive (n=94) 38 (25%) 56 (36%)
612 377 474
Barium GER Negative (n=58) 24 (15.7%) 34 (23.3%)

recurrent pneumonia or chronic respiratory symp-
toms. In addition. barium studies can demonstrate
the height of refluxate and may demonstrate an
aspiration of gastric contents into upper airways or
lungs. However, barium studies can give a false
positive result in diagnosis of GERD since a GER
episode detected during the study could be physi-
ologic reflux. In addition, the short duration of the
study can give a false negative result.’

In the last decade. 24-h epHm was consid-
ered as a gold standard test for diagnosing GERD
[15]. However. recent studies have not proven this.
It is reliable for a quantitative measurement of acid
reflux into the esophagus but has a limitation in
detecting non-acid reflux.*'™ This is a particular
problem in the postprandial period when stomach
contents are typically neutralized for up to 2 hours
after meals. In pediatric patients, particularly infants,
who feed every 2-3 hours, the pH probe might
significantly underestimate the amount of reflux.”
Other possible technical problems contributing to a
false negative result of the 24-h epHm include a
high probe location in the esophagus, insufficient
contact between the probe and esophageal fluid
because of adherent food or mucus. and impaction
of electrode tip against the esophageal wall.

Combined MIl and pH monitoring is superior

to pH monitoring alone for diagnosis of GERD since

it can detect both acid and non-acid reflux episodes
as well as the height of refluxed material.”® Many
studies using combined MIl and pH monitoring have
demonstrated that non-acid refluxes are common
and account for 40-50% of reflux episodes in children
with persistent respiratory s',.'m;:m:)ms'6 and neuro-
logical impairment.”” However, the use of MIl in
general practice has been limited due to the lack of
well established normal values in children.”

Upper endoscopy is useful for detection of
erosive esophagitis, and a normal upper endoscopic
study does not exclude GERD. Endoscopy has a
sensitivity of only 30-50% in adult patients who
present with heartburn.” Gastroesophageal nuclear
scintigraphy is not recommended for the routine
evaluation of pediatric patients suspected of GERD
since the standard of this test are poorly established
and the sensitivity for diagnosis of GERD is low.
Proton pump inhibitor (PPI) test has been shown in
adults to have a sensitivity and specificity of 74%
and 54%. respectively, comparing to endoscopy or
24-h epHm™, but the test has not been validated
for pediatric patients. Improvement following treat-
ment does not always confirm a diagnosis of GERD
since symptoms may improve spontaneously or as
a placebo effect.

The majority of the patients in our study
presented with extra-esophageal GERD and the most
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common manifestation was recurrent pneumonia
because both barium studies and 24-h epHm are
commonly performed if the patients had these symp-
toms. The patients who underwent 24-h epHm only
for evaluation of GERD may have other symptoms
in majority but is not in scope of this study Upper
endoscopy is performed only in patients suspected
of reflux esophagitis or those who did not respond
to treatment.

Detection rate of GERD by barium studies and
pH monitoring were 43% and 83% by Al-Khawari
et a”’, 18% and 60% by Thompson et al”, 38%
and 68% by Sellar et al”, and 25% and 66% by
Johnston et al”. The higher detection rate of GER
by barium studies (61.8%) than pH monitoring
(40.7%) in our studies is contrary to others, and
could be due to the technique used in our study.
In similar to ours, the study by Al-Khawari et al’'
included small children with nearly half of the
patients were below one year of age. They performed
intermittent fluoroscopy every 3-4 seconds for a
maximum of 5 minutes for observation of GER but
the position of the patients during studies was not
mentioned. We let the patients lie in supine position
with barium sulfate filling fundus and body of the
stomach while performing intermittent fluoroscopy
every 10 seconds for a maximum of 5 minutes. We
believed this is the best technigue to elicit barium
reflux with less radiation to the patients. Barium
sulfate had to fill the gastric fundus and was around
the area of esophago-gastric junction to be seen
moving up into the esophagus. Gastric fundus is
the most posterior part of the stomach. so only
supine position is suitable for barium sulfate to
perfectly fill it. It was possible that our technique
can increase the sensitivity for detection of barium

reflux.

In comparison with 24-h epHm, Al-Khawari
et al’’ reported the sensitivity, specificity and
accuracy of barium studies for diagnosis of GERD
as 42%, 57% and 45%. respectively. Thompson et
al® compared barium studies with pH proved GERD
and found that the sensitivity of fluoroscopic
detection of GER rose from 26% to 70% when
provocative maneuvers such as coughing. Valsalva
maneuver. rolling from supine to right lateral position
and water-siphon test. which let the patient drink
water while lying supine for observing GER. were
used to elicit reflux. However, the same authors
reported that with increasing of sensitivity. the speci-
ficity of barium studies was decreased from 94% to
74% with provocative maneuvers. Blumhargen et al'’
addressed a high false positive result of the water-
siphon test as 29%. while Johnston et al” expe-
rienced sensitivity of such test to be 92% but the
specificity was zero. We decided not to use these
provocative maneuvers because of such evidences,
along with the difficulty to perform them in small
pediatric patients, and to probably decrease a false
positive result. In our study, we found false positive
result of 36%.

In GERD related respiratory symptoms. patho-
physiologic mechanisms include microaspiration and
acid-induced vagal reflex. The height of refluxate
could be contributed in pulmonary aspiration
despite of the small quantitative amount of acid
refluxes. Although the sensitivity. specificity and
accuracy for the diagnosis of GERD is not high
when compared with 24-h epHm. barium study can
provide the height of refluxate. In addition. due to
the patients with GERD may present with diverse
clinical manifestations. barium studies. on the other
hand. will help diagnose the diseases causing symp-

toms resemble GERD.
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The limitation of this study is that 24-h pHm
is not a true gold standard test", although it would
result in a difficulty for interpretation, it was the
best standard we had at the time of study. Further
study comparing barium studies with the absolute
gold standard test should be performed. Combined
MIl-pH study is supposed to be a gold standard
test for diagnosis of GERD if normal values in

children can be established.”

Conclusion

Comparing to 24-hour esophageal pH moni-
toring: the sensitivity. specificity and accuracy of
barium studies is not quite promising for the
diagnosis of GERD. and certain limitations are still
existed. Due to the limitation of availability of the
other tests for diagnosis of GERD in children in
developing countries including Thailand. barium
studies which are widely available may be useful
for evaluation of children with clinical suspected of
GERD but a limitation for diagnosis of GERD should

be aware.
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Original Article

Intracranial Meningiomas in Udonthani Hospital and
Review of the Literature

Khomdao Boonchit, MD.

Department of Radiology. Udonthani hospital. Udonthani 41000 Thailand

Abstract

Objective: To report CT scan and MR image findings of symptomatic fifty patients with intracranial meningio-

mas and review of the literature.

Methods: Retrospective review CT scan and MR image findings of fifty symptomatic patients with intracranial
meningiomas operated in Udonthani hospital from October 2005 to June 2008.

Results: Fifty patients (41 female to male ratio. Mean age was 44.7 years; range 15-82 years.) were studied.
736% of CT scans demonstrated typical features and 18.9% showed hyperostosis. Most common locations
were cerebral convexity and sphenoid ridge. three patients showed multiple meningiomas. 80% of patients

showed typical MR image features and 60% dural tail sign. Peritumoral edema was found in 67.3% of patients.

Conclusion: Meningiomas are usually benign tumors with characteristic CT and MR imaging features. However
on a review of the literature. there are several important histologic variants of meningiomas that can have

unusual or misleading radiologic features.
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Introduction

Hospital-based brain tumor series indicate that
the incidence of meningiomas is approximately 20%
of all intracranial tumors (the most common nonglial
primary intracranial tumor), whereas autopsy-based
studies indicate an overall incidence of 30%." Symp-
tomatic meningiomas occur two to three times more
commonly in female patients, especially those in
the middle age (40-60 years) group’ and generally
are benign tumor that are derived from meningoendo-
thelial cells.” Because complete surgical resection
is the definite treatment for meningiomas. the single
most important feature regarding therapy is tumor
location, as it substantly affects surgical accessibility.
Unusual imaging features are also important to avoid

misdiagnosis.

Patients and Methods

The author retrospectively analyzed CT scan
and MR image findings of fifty symptomatic
patients with intracranial meningiomas who under-
went an operation at Udonthani hospital from
October 2005 to June 2008. Forty-five patients were
examined with non contrast and contrast-enhanced
CT scan (Elscint EXEL 2400 ELECT CT scanner).
Two patients, with non contrast T1- and T2-weighted
pulse sequences and Gadolinium-enhanced a 1.5
Tesla MR (Siemens Magnetom Symphony) alone,
and three patients, with CT scan and MRI. All CT
scans and MRI studies were reviewed. Edema in
adjacent areas of the brain. when present. was
graded as mild (extending less than 1 cm. from the
tumor), moderate (extending 1-4 cm. from the tumor),
or severe (extending more than 4 cm. from the

tumor).?

Result

Age of 50 patients at the time of diagnosis
were 15 to 82 years (mean 447 years) (Table 1) and
55 meningiomas (Table 2). The most common loca-
tions of intracranial meningiomas in this study were
cerebral convexity and sphenoid ridge. Three patients
showed multiple meningiomas (Table 3). all the
patients were female and showed no manifesta-
tions of von Recklinghausen disease. In 73.6% of
meningiomas. CT scan demonstrated typical diag-
nostic features. including a sharply circumscribed
homogeneous hyperdensity on CT scan without
contrast material enhancement. and homogeneously
enhanced after the administration of contrast material.
In Table 4. 13 (24.5%) meningiomas showed rim.
sandlike. globular and focal calcifications. Intraaxial
vasogenic edema was seen around meningiomas
(which are extraaxial masses) 67.3% of patients
(Table 5) and there was little associated between
grade of edema and location of the tumor.

14 (25.5%) meningiomas showed midline shift
which there was association with tumor location.
(8 in 12 patients of sphenoid ridge meningiomas

showed midline shift.)

Discussion
Brain imaging with contrast-enhanced CT or
MR imaging is the most common method of diag-
nostic of intracranial meningioma.' Contrast material
enhancement of meningioma is usually rapid and
striking owing to their highly vascular nature. (Fig.1)
Inhomogeneous enhancement (13.2%) was
found which area of non-enhancing hypodensity

should be necrotic portion of meningiomas. (Fig.2)
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Table 1 Sex and age of patients with intracranial menin- ~ Table 3 Age and locations of patients with intracranial

giomas multiple meningiomas
Sex Numbers of Age Mean age Age at the time of
Locations
patient (%) (years) (vears) diagnosis (years)

Female 41 (82) 15-81 462 31 Convexity. intraventricular, CPA
Male 9 (18) 23-82 430 40 Olfactory groove. sphenoid
Female & Male 50 15-82 447 ridge. convexity

54 Sphenoid ridge, CPA

Table 2 Location of intracranial meningiomas demon-
strated by CT scans and MR images Table 4 Computed tomographic findings in meningio-

Tumor location Number of meningiomas (%) mas
Cerebral convexity 12 (218) CT findings Number of meningiomas (%)
Sphenoid ridge 12 (21.8) Hyperdensity 39 (73.6)
Parasagittal 11 (20) Hypodensity 2 (3.8)
Sellar. suprasellar, parasellar 8 (14.6) Isodensity 5 (9.4)
Olfactory groove 5 (9.1) Inhomogeneous hyperdensity 7 (13.2)
Cerebellopontine angle 3.(5.8) Homogeneous enhancement 46 (86.8)
Tentorial cerebelli 2 (36) Inhomogeneous enhancement 7 (132)
Intraventricular 1(1.8) Calcification 13 (24.5)
Middle cranial fossa 1(1.8) Hyperostosis 10 (189)
Total 55 Total 53

Fig.1 (A) Non contrast and (B) contrast-enhanced CT scan obtained in a 54-year-old woman showing right temporal
extraaxial hyperdense mass with homogeneous enhancement, typical CT features of intracranial meningioma.
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Table 5 |Intracranial meningiomas with peritumoral edema

Peritumoral edema Number of meningiomas (%)
No 18 (32.7)
Mild 14 (25.5)
Moderate 16 (291)
Severe 7(12.7)
Total 55

Table 6 Magnetic resonance image findings in meningiomas

MR findings Number of meningiomas (%)

Hypointense on T1 - weighted images

Isointense on T1 - weighted images 5 (100%)
Isointense on T2 - weighted images 4 (80%)
Hyperintense on T2 - weighted images 1 (20%)
Homogeneous enhancement 4 (80%)
Inhomogeneous enhancement 1 (20%)
Dural tail 3 (60%)

A B

Fig.2 (A) Non contrast and (B) contrast-enhanced CT scans obtained in a 32-years-old man showing falx meningioma
with inhomogeneous hyperdensity and inhomogeneous enhancement.
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The CT scan best reveals the chronic effects
of slowly growing mass lesions on bone remodel-
ling. (Fig.3)

Calcification in the tumor (24.5%) (Fig.4) and
hyperostosis (18.9%) (Fig.5) were features of
intracranial meningioma that can easily identified
on noncontrast CT scan.

The typical diagnostic features of meningio-
mas on magnetic resonance (MR) images. include
a unilocular mass with sharply circumscribed mar-

gin and inward displacement of the cortical gray

matter which on MR images obtained without con-
trast material enhancement. characteristically hypo-
intense or isointense to gray matter with T1-weighted
pulse sequence and isointense or hyperintense to
gray matter with T2-weighted pulse sequence, and
on MR images abtained with Gadolinium, there were
homogeneously enhanced.*® However in this report
(Table 6). MR images demonstrated dural-based
isointense to gray matter on T1-weighted images
(100%) and isointense to gray matter on T2-weighted
images (80%) with homogeneous enhancement

Fig.3 (A) Axial. (B) coronal contrast-enhanced CT scans with soft tissue window and (C) axial. (D) coronal CT scans
with bone window obtained in a 31-years-old man of underlying hemophilia A with sphenoid ridge meningioma

and associated bone remodelling.
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Fig.4 (A) Non contrast CT scan with soft tissue window demonstrated mass with rim and sandlike calcifications,
(B) after contrast enhancement revealed rather homogeneous enhancement of meningioma in a 64-years-old
woman.

Fig.5 CT scan with soft tissue and bone windows revealed extensive thickening of the right sphenoid and temporal
bones in 42-years-old woman with sphenoid wing meningioma.
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(80%)(Fig.6, 7), frequent cerebrospinal fluid cleft, and
often enhancing dural tail (60%). (Fig.7e. 8) The
pathology of the dural tail is unclear”” Although
Goldsher et al® concluded that dural tails were a
“highly specific feature of meningiomas” many cases
have now been reported of dural tails that are
attached to nonmeningioma tumors (or tumefactive
processes) such as chloroma. primary central
nervous system lymphoma. vestibular schwannoma

and metastatic tumor etc.® MR imaging was superior

to CT in defining extracerebral location, tumor
vascularity, arterial encasement, and venous sinus
invasion.”

Intracranial locations of symptomatic menin-
giomas in Udonthani hospital in this series arised in
the following locations in descending order of
frequency: cerebral convexity (21.8%), sphenoid ridge
(21.8%), parasagittal (20%) including falcine menin-
gioma (9.1%). Suprasellar meningioma (14.6%)

commonly arise from the diaphragmatic sellae or

Fig.6 (A) Sagittal T1-weighted and (B) axial T2-weighted MR images of an olfactory meningioma obtained in a
35-year-old man showing isointense to gray matter with homogeneous enhancement on (C) sagittal and

(D) coronal Gadolinium-enhanced MR images.
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E F

Fig.7 (A) Non contrast and (B) contrast-enhanced CT scans in a 44-years-old woman with left temporal convexity
meningioma revealed homogeneous hyperdensity and homogeneous enhancement. (C) Axial T1-weighted. (D)
axial T2-wieghted, and (E) axial. (F) sagittal MR images after Gadolinium administration revealed enhancing
hypointense mass. Dural tail sign is shown. (arrow in e)



16 THE ASEAN JOURNAL orF RADIOLOGY
Jan.-Apr. 2010, Volume XVI No.l

Fig.8 Sagittal T1-weighted MR image with Gadolinium
enhancement in 54-years-old wornan revealed an
enhancing dural tail sign along planum sphenoidale
(arrow).

tuberculum sellae.’ Meningiomas may be entirely
parasellar if they originate from the dural wall of the
cavernous sinus. Olfactory groove meningiomas
(9.1%) arise over the cribiform plate. they can be
differentiated from tuberculum sellae meningiomas

because olfactory groove meningiomas arise more

anterior in the skull base, so the optic nerve and
chiasm are located inferolateral to olfactory groove
meningiomas and superolateral to tuberculum sellae
meningiomas.” Unusual locations were cerebello-
pontine angle meningiomas (5.5%) (Fig.9), they did
not have propensity to involve the internal auditory
canal (which is a fairly constant feature of schwan-

10.11

nomas).  Intraventricular meningiomas (1.8%) were
in the trigone of lateral ventricles. Because the
choroid plexus is more bulky in the lateral ventricles.
incidence of lateral ventricle meningiomas is higher
compared with those in the third and fourth ven-
tricles.”™

Lusin et al'* demonstrated CT findings of
multiple meningiomas in about 9% of patients with
intracranial meningiomas. Although multiple menin-
giomas are associated with neurofibromatosis type
2. the majority of patients do not have other charac-
teristic features such as multiple schwannomas.’
Geuna et al”® reported 2 of 9 cases of multiple
meningiomas associated with neurofibromatosis.

Meningiomas are known to be hypervascular,

A

Fig.9 Contrast-enhanced CT scans of a 31 years-old woman showed multiple meningiomas (A) bilateral CPA and (B)

intraventricular meningiomas with globular calcifications. The right parasagittal meningioma with peripheral focal

calcification was noted. (arrow in b)
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which results in additional adjacent reactive changes
such as hyperostosis and sinus blistering.® In this
study 10 (18.9%) meningiomas showed hyperosto-
sis.

The dural tail sign is seen on contrast-en-
hanced MR images as a thickening of the enhanced
dura mater that resembles a tail extending from a
mass. Many investigators®'’ were able to show little
or no direct tumor involvement. It was therefore
proposed that dural tails represented reactive
changes to the dura mater, with perhaps minimal to
meningothelial nodules that were adjacent to but
not in contiguity with the tumor.

The cause of intraaxial peritumoral edema
associated with meningiomas is controversial. How-
ever, Bradac et al'” have found poor correlation
between peritumoral edema and either the vascular
supply of a meningioma or the presence of dural
sinus invasion. The degree of peritumoral edema
has little correlation with tumor size* and no corre-
lation with location of tumor.™

On a review of the literature, any meningoen-
dothelial cell whether intracranial. spinal or ectopic,
can potentially result in the formation of a menin-
gioma. These ectopic meningiomas may arise within
diploic space. from the outer table of the skull, in
the overlying skin. inside the paranasal sinuses
in the parotid gland. and from the parapharyngeal
space. Theories to explain these sites of origin
include derivation from the arachnoid around the
cranial nerve sheaths or from arachnoid cells
disseminated during the formation of the skull” A
variety of pathological subtypes of meningioma have
been defined and are outlines in table 7. Eric et al’
reviewed 21 in 131 cases of CT and pathological
findings showed atypical features of intracranial

meningiomas such as necrosis. hemorrhage, scarring

Table 7 World Health Organization classification of
tumors of meningothelial cell origin

Grade Tumor Types

| Meningioma

Meningothelial (syncytial)

Transitional

Fibrous

Psammomatous

Angiomatous

Microcystic

Secretory

Clear cell

Lyphoplasmocyte-rich

Metaplastic variants (xanthomatous.

myxoid. osseous, cartilaginous)

] Atypical meningioma

1] Anaplastic (malignant) meningioma

and cystic change. The term cystic meningioma has
been used to described two different morphologies:
intratumoral cavities and extratumoral or arachnoid
cysts’ which should be considered in the differential
diagnosis of brain tumors with a cystic component.
Cysts may result from direct secretion of fluid by
tumor cells. from absorption of internal hemorrhage.
or from loculated cerebrospinal fluid in scar tissue
within or adjacent to the meningioma ™ Lipoblastic
meningioma and meningeal hemangiopericytoma

are also atypical features of meningiomas.”

Conclusion
Meningiomas are usually benign tumors with
characteristic CT and MR imaging features. although
too small group of MR image findings in this study.
However on a review of the literature. there are
several unusual or misleading features of meningio-

mas such as cysts, hemorrhage and fat. Meningio-
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mas may originate in unexpected locations such as

the ventricles. orbit, paranasal sinuses and menin-

gioma en plague. Because meningiomas are so

common, the radiologists must be aware of their

less frequent and uncharacteristic imaging features

in order to suggest the correct diagnosis in cases

that are atypical.
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Transcatheter Arterial Chemoembolization in Patient with
Hepatocellular Carcinoma in Srinagarind Hospital;
Complications and Results

Eimorn Mairiang, MD., Vallop Laopaiboon, MD. MSc., Warakorn Hachai-in, MD.

Department of Radiology. Faculty of Medicine. Khon Kaen University. Khon Kaen, 40002, Thailand

Abstract

Background: Transcatheter arterial chemoembolization (TACE) is known to be one of the best palliative
treatment for unresectable HCC. However, its severe complications make its use controversial.

Purpose: To evaluate the complications and results of TACE in our treated cases.

Materials and Methods: Forty-seven patients underwent 88 TACE sessions during January 1. 2003 to Decem-
ber 31. 2004 at Srinagarind Hospital. Their clinical records. complications of TACE. tumor response, and survival

outcomes, were reviewed retrospectively.

Results: Forty-seven patients (40 males [85%]. 7 females [15%], mean age 51 years, underwent 88
chemoembolizations. Forty-two patients (89%) had documented cirrhosis. 28 (59%) had hepatitis B and 39
(83%) were chronic alcohol drinkers. Thirty-eight patients (81%). and 9 patients (19%) were categorized in
Child's A and B classes. respectively. The common complications of TACE included fever (83%), abdominal pain
(37%) and transient nausea/emesis (20%). Two patients with right portal vein (RPV) thrombosis developed
acute liver failure within few days after TACE. One of them had sepsis syndrome. Partial and minimal tumor
response was observed (33%). Overall survival rate was 61%, 48%. 27%. and 9% of patients at up to 6 months.

1, 2. and 3 years. respectively. The mean survival time was 13.1 months.

Conclusion: Most complications in our study can be corrected except for serious complication (acute liver
failure) in 2 cases with RPV invasion. Very careful pretreatment planning should help reduce the problem. The
response of treatment was found in 33%. The 2- and 3-years survival rate was 27% and 9%. respectively. We

believe that we can do better in the future if the patients come to us in earlier stage.

Keywords: hepatocellular carcinoma (HCC). Transcatheter arterial chemoembolization (TACE). complications
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Introduction

Hepatocellular carcinoma (HCC) is a highly
malignant tumor with a high morbidity and mortality
rate. It represents the 5th most common cause of
death from cancer worldwide. In Thailand, liver cancer
had been found to be a leading cancer in men. and
the 3 in women." Improvement of imaging techno-
logy has enabled to diagnosis of HCC at an early
stage. making possible to treat tumors locally. Liver
resection remains a curative treatment. particularly
in the patient with TMN stage | which have 5 year
survival rate about 70-75%.° Despite the availability
of screening procedures for detection of early HCC
(i.e. ultrasonography and serum ct-fetoprotein [AFP]
levels), the majority of patients are still not considered
suitable for curative resection. Transcatheter arterial
chemoembolization (TACE) had been recommended
for treatment of unresectable HCC patients for
reducing the mortality or morbidity, and prolong
quality of life

The rationale for arterial embolization is pro-
gression of HCC. closely link to neo-angiogenic
activity. At very early stage. the tumor is not highly
vascularized. Its blood supply is from both the portal
vein and the hepatic artery. When the tumor grows
larger than 2 cm, the blood supply is mostly
dependent on the hepatic artery. Large HCC
receives blood supply almost entirely through the
hepatic artery. Therefore arterial obstruction is the
basis for an effective therapy. A mixture of chemo-
therapeutic agent and Lipiodol followed by absorb-
able gelatin sponge particles are generally used for
embolization *°

TACE-related complications reported previously
such as tumor rupture with hemoperitoneum. cere-
bral or pulmonary embolism, acute hepatic failure,

liver abscess, severe septic complications, and bile

duct injury®"’ make its use controversial. We started
to perform TACE in our institution since 1990. but
before 2000 the medical records and film storage
were incomplete. The aim of this study was to
evaluate TACE-related complications. and the results
after treatment by retrospective review of our clinical
experience during January 1, 2003 to December 31
2004.

Materials and Methods

This was a single-center retrospective study
of unresectable HCC who required TACE between
January 1, 2004 and December 31. 2005. The medical
records of 64 patients were reviewed. Seventeen
cases were excluded due to inability to perform
chemoembolization after hepatic angiogram or
evidence of contraindication for TACE (e.g. complete
portal vein thrombosis. Child-Pugh class C. and
severe hepatic or renal insufficiency). We recruited
47 cases (88 sessions of successful TACE treatment)
to search for evidence of complications in each
session, response of treatment, and the survival rate
at up to 6 months, 1, 2. and 3 years.

The diagnosis of HCC was made either histo-
logical (n= 8), or by hepatic arteriogram and com-
puted tomography (CT) scan combined with serum
AFP level (n=39). The American Joint Committee on
Cancer (AJCC) and Okuda staging system were
used, for tumor staging.

Our inclusion criteria for TACE were Child's A
or B class. bilirubin level < 3 mg/dL. prothrombin
time < 3 seconds above the control value. a serum
creatinine concentration < 2 mg/dL, no total portal
vein thrombosis. and no extensive arterio-venous
shunting.

TACE procedures were performed by expe

rienced radiologists in a standard fashion. Informed
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consent was obtained from every patient for each
procedure. After conventional hepatic angiography.
a vascular catheter was inserted superselectively
into the branch of the hepatic artery that supplied
the tumor. The catheter uses were 5 Fr catheter
and microcatheters (2.7 Fr or 3 Fr in diameter).
Chemoembolization was initiated by infusion of a
mixture of iodized oil (Lipiodol: Guerbet, France)
and doxorubicin hydrochloride (Adriamycin; Kyowa
Hakko Kogyo. Tokyo, Japan) to occlude tumor feed-
ing arteries, followed by administration of absorb-
able gelatin sponge particles (Gelfoam: Upjohn,
Kalamazoo. Mich) 1-2 mm in diameter soaked with
5-10 ml of nonionic contrast medium.

The doses of doxorubicin hydrochloride and
iodized oil were 8-40 mg and 3-10 ml. respectively.
The doses were given depended on the tumor size,
the position of the catheter, the patient’s liver function,
and the response to previous treatment.

Re-chemoembolization was performed in 23
patients with 4-8 weeks interval between treatment
sessions. Just before the next TACE. the liver func-
tion and CT of the liver or other imaging studies
were checked to assess the response of the tumor
and to evaluate the functional reserve of liver using
the same criteria mentioned previously. The proce-
dure was not re-performed in the patients who have
poor liver function or no obvious tumor vessels.
After the treatment. liver function test was periodi-
cally checked in patient with severe post-emboliza-
tion syndrome or signs of hepatic failure. Blood
culture was performed in patients with high and
sustained fever. Appropriate imaging modalities such
as chest radiography, ultrasonography, and CT scan
were used for detection of TACE-related complica-
tions.

Additional treatments such as Percutaneous

Ethanol Injection (PEI) (n=9) and open surgical
injection (n=1), were performed after the last TACE.
One case underwent right hepatectomy after 2 ses-
sions of TACE. Additional systemic chemotherapy
was administered in 2 patients.

Tumor response was assessed objectively by
the change in tumor size on US, CT or MR imagings.
The reduction in tumor size was measured at the
same image level, representing the maximum
dimension.”” The response was determined on follow-
up CT scan at 4-6 weeks after last chemoem-
bolization. Tumor response has to be maintained
for at least one month. Response criteria. based on
the reduction of perpendicular diameter in the
tumor are as follows: 1.) A complete response (CR)
was total disappearance of tumor: 2.) A partial
response (PR) was a reduction in tumor size of
more than 50%: 3.) A minimal response (MR) was a
reduction of 25-50%: 4.) No change (ND) was a
change in tumor size less than + 25%: 5.) Progres-
sive disease (PD) was an enlargement of more than
25%."

Results

There were 47 HCC patients (40 males [85%].
7 females [15%)], mean age 51 years [range 14-79
years old]). underwent successful TACE. The
patient characteristics are shown in Table 1. Forty-
two patients (89%) had documented cirrhosis. Thirty-
eight patients (81%). and nine patients (19%) had
Child A and B cirrhosis. respectively. Twenty-eight
patients (59%) were hepatitis B carriers. 8 patients
(17%) were hepatitis C carriers. and 39 patients
(83%) were chronic alcohol drinkers. Four patients
had HCC without documented cirrhosis. hepatitis B
or C. Two cases of Child's A class presented with

ruptured HCC. Segmentectomy of the liver was
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required to stop bleeding prior to TACE. The detall
of serum AFP levels, tumor staging. and tumor size

is shown in Table 1.

The total number of TACE sessions was 88.
The average number of TACE sessions per patient

was 1.8. ranged from 1 to 6 sessions. The duration

Table 1 Baseline characteristics of the patient with hepatocellular carcinoma
Characteristics N=47
Demography;

- Age. mean (range) 51 (14-79)

- Sex. M:F 40 (85%) . 7(15%)
Cirrhosis 42 (89%)
Chronic alcohol drinkers 39 (83%)
Hepatitis;. B 28 (59%)

C 8 (17%)
Biochemistry (mean. range)

- Serum bilirubin (mg/dL) 0.96 (0.2-2.6)

- Prothrombin time (second) 13.2 (10.2-17.6)

- Serum albumin (mg/dL) 34 (29-47)

- Alkaline phosphatase (IU/L)
Distribution of serum AFP level (IU/ml)
<10
10 - 100
101 - 500
500 - 1000
> 1000
Disease characteristics
- Tumor size (cm):. < 5
510
> 10
- AJCC stage: I
Il
llla
b
IVa
Vb
- Okuda stage: |
Il
i
Child-Pugh class: A
B

160.5 (70-368)

6 (13%)
9 (20%)
5 (10%)
5 (10%)
22 (47%)

7 (15%)
25 (53%)
15 (32%)
0 (0%)
3 (6%)
22 (47%)
2 (4%)
17 (37%)
3 (6%)
26 (55%)
20 (44%)
1(1%)
38 (81%)
9 (19%)
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of hospitalization was 2 to 21 days. The majority of
cases (60 sessions) were discharged from the
hospital within 3 days after each procedure. In the
patients who were hospitalized longer than 7 days
(20 sessions) with long period of fever and suspicious
for sepsis syndrome. the final cause of fever was
found to be tumor necrosis. Three patients were
admitted longer because of deterioration of hepatic
function. The other 5 patients can be discharged on
the following day after chemoembolization.

The complications are listed in Table 2.

Thrombocytopenia were identified in 10/88
sessions of TACE (11%) and associated with
cirrhotic patients whose imaging demonstrated sple-
nomegaly and portal hypertension in alls cases. This
could be explained by hypersplenism. None of the
cases had severe coagulopathic complication or
other rare complications (e.g. bleeding hematoma
at punctured site. variceal bleeding. gastrointestinal
bleeding from peptic ulcer/gastritis. tumor ruptured.
liver abscess. bile duct injury. pulmonary or cere-
bral embolism. or bile duct injury).

Table 2 Complications related TACE procedure (n=88)

Complications Incidence number (%)

Post-TACE syndromes

- Fever 73 (83%)
- Abdominal pain 33 (37%)
- Nausea/Vomiting 18 (20%)
Deterioration of liver function 3 (3%)
- Reversible 1/3 (1%)
- Irreversible with acute 2/3 (2%)
hepatic failure
Acute calculous cholecystitis 1 (1%)
Thrombocytopenia 10 (11%)

Post-TACE syndrome

The most frequent complications were fever,
abdominal pain. and nausea/vomiting. The mean
duration of fever was 2 days (range. 0-17 days).
The long duration of fever associated with the initial
tumor size. high dosage of Adriamycin. and deve-
lopment of severe hepatic deterioration and hepatic
encephalopathy. Nausea/vomiting and abdominal
pain were self-limiting in the majority of cases. The
remaining could be controlled by the administration
of anti-emetics and analgesic drugs. Mean duration
time of abdominal pain was 0.8 day (range 0-6 days).
Long duration of abdominal pain was 4. 5, and 6
days. associated with the tumor larger than 10 cm

accompanying using 5 Fr catheter.

Deterioration of liver function

Three patients had deterioration of liver
function defined as an increased in serum bilirubin
concentration (2 mg/dL or higher). newly developed
ascites or hepatic encephalopathy. All of them were
identified in the first session of TACE. One patient
developed within 3 days and spontaneously
recovered in 1 week after treatment. Irreversible de-
terioration with acute liver failure occurred in 2
patients who had pre-existing tumor invasion nearly
total occluded the right portal vein. One of them
also had acute calculous cholecystitis as a pre-

cipitating cause (Table 3).

Response of treatment

Thirty six patients (76%) were evaluated for
responses. Other 11 patients were not analyzed
because follow-up CT scan was not available. Six
patients (16%) had partial response, 6 (16%) had

minimal response, no change in 8 cases (22%).
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Table 3 Characteristics of the patients who had hepatic deterioration.

Characteristics Reversible (n=1)

Irreversible (n=2)

1* patient 2" patient

Gender : Age Male : 52 Male : 50 Male : 50
Child-Pugh class A A A
AJCC staging 4 4 4
Tumor location Segment 2/3 Segment 8/5 Segment 6/7
Tumor Size 15 10 13
Catheter size 5 Fr 3 Fr 5 FF
Vascular supply Lt. hepatic a. Rt. hepatic a. Rt. hepatic a.
Drugs use

- Adriamycin 16 mg 16 mg 40 mg

- Lipiodol 6 ml 6 mi 10 mi
Vascular invasion None RPV* RPV*
Precipitating cause None None Acute calculous cholecystitis
Survival time 3 years 24 days 23 days of admission

without survival record

* RPV: Right portal vein

Table 4 Response to TACE (n=36)"

Tumor size CR PR MR NC PD Total
(cm)

<5 0 1 2 2 1 6
5-10 0 5 2 4 18
> 10 0 0 2 2 12
Response 0 6 6 8 16 36
Percentage (%) O 16 16 22 44 100

* Follow-up CT scan in 11 patients were not available
* CR = complete response. PR = partial response. MR = mini-
mal response. NC = no change. PD = progression of disease

Progressive disease was observed in 16 (44%) cases
(Table 4). One patient in PR group is still alive after
3 years and received only 3 sessions of TACE

(Fig. 1). One patient in MR group received 3 courses

of TACE had a right hepatectomy within 3 months
after the last TACE session. The histologic exami-
nation demonstrated fibrosis of tumor tissue with-

out residual tumor cells.

Survival time

The record of survival time was not available
in 3 of 47 cases. Survival time of the remaining 44
patients ranged from 24 days to 3 years. The
survival outcome related with clinical staging and
Child classes is shown in Table 5. The overall
survival rate was 61%. 48%. 27%. and 9% of
patients after 6 months. 1, 2, and 3 years with mean
survival time 13.1 months. Two patients with right
main portal vein involvement had survival time

approximately 1 month.
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Fig.1 74-years-old man with HCC stage Il underwent 3 courses of TACE. 1* session of TACE, (a through f). (a,b)
Initial CT scan shows a 7-cm mixed iso- to hypodense heterogeneously enhancing mass at segment 6 of right
lobe liver. (c,d,e). Angiogram shows hypervascularized tumor at right lobe liver (thick arrow) supplied by
replaced right hepatic artery from SMA (thin arrow). (f). Post-TACE film shows complete occlusion of tumor
vessels (arrow).
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Fig.1 (continued). (g) Follow-up CT scan after 2" TACE. pre and post contrast-enhanced CT show lipiodol staining
with minimal arterial enhancement of the HCC at segment 5. (h) 3" session of TACE. pre-embolized angiogram
show minimal angiogenic activity at medial aspect of the tumor. (j) Post embolization film shows complete
occlusion of tumor vessels. (i) The follow up CT scan 5-months after the last TACE shows reduction of tumor
size more than 50% with > 90% lipiodol staining.

Table 5 Survival time in 44 patients”

Survive Child-Pugh Class (n)  Cases (%) Clinical Staging (n)
(vears) A (36) B (8) (3 1a(20) Wb (2) IVa (16) Vb (3)
05 23 4 27 (61%) 3 14 1 9 0
1 18 3 21 (48%) 3 12 1 5 0
2 10 3 12 (27%) 3 6 0 3 0
3 3 1 4 (9%) 2 1 0 1 0

* Survival record not available in 3 patients



Transcatheter Arterial Chemoembolization in Patient with Hepatocellular Carcinoma in Srinagarind Hospital; Complications and Results 27

Discussion

Over the past 20 years, TACE has become the
treatment of choice for patients with inoperable HCC.
TACE has been shown to improve survival.'® How-
ever, this survival benefit may be offset by the
worsening of liver function. In this study. the serious
complication of TACE was hepatic insufficiency.
Portal vein obstruction is a well-known risk factor
for hepatic failure and infarction after hepatic artery
embolization. " In our series, 2 patients with nearly
total RPV obstruction (Figure 1) had acute hepatic
failure after TACE. Therefore, TACE should be cau-
tiously performed with a reduced amount of chemo-
embolic agents and selective administration of them
into tumor feeding arteries. In patients with either
right or left major branch of main portal vein
obstruction. if there are other predisposing factors
to hepatic insufficiency. TACE may be contraindi-
cated because of the risk of irreversible deterioration
of the hepatic function. The liver with HCC is
frequently compromised by cirrhosis and chronic
hepatitis. A safe dose of iodized oil to the compro-
mised liver has not been determined as yet The
total dosage of Lipiodol should be less than 20 ml
(0.25-0.3 mL/kg) in order to prevent pulmonary oil
embolism.’® On the basis of our clinical experience.
the amount of the iodized oil used is limited to less
than 10 ml in all patients of our study.

Most common TACE-related complication in
this study was post-embolization syndrome (fever
[83%)]. abdominal pain [38%], and N/V [20%]). similar
to those reported in the literature reviews™' ™.
Although, it is self-limited or can be managed. it
can be considered a major complication of TACE
because it prolonged hospitalization and impairs
patient compliance with additional repeated treat-

ments. Fever after TACE is mainly due to tumor

necrosis. In the clinical setting. it is difficult to
differentiate between fever due to tumor necrosis
and fever due to secondary infection. In our study,
post-embolization syndrome can be predicted on
the basis of the size of the tumor to a certain
degree. Therefore, unexpectedly high and prolonged
fever after TACE in patients with a small tumor size
developed sudden onset of high fever with chills.
septic complications should be considered. In this
study. most of the cases that had longer duration
of fever with suspected septic complication had
negative aerobic hemoculture and the final diagnosis
was fever due to tumor necrosis. Sepsis was docu-
mented in only one patient with predisposing factor
(acute calculous cholecystitis). Fatal sepsis insults
were not found because we used strict sterile
technique like other operative procedures. The cause
of abdominal pain after TACE is unclear.

Liver function deterioration was found in 3%
of total 88 TACE procedures, slightly lower incidence
when compared to FAN J. et al.” (5%, 4 of 80
patients) and Chung JW, et al.® (15%, 54 of 351
cases). Chan OA. et al."” reported that 3% of their
cases, developed hepatic encephalopathy or hepatic
failure. This is close to our study (2%, 2 of 88 TACE
sessions). We identified the factors that appear to
predispose our patients to developed irreversible
acute hepatic failure after TACE. to be a high dosage
of Adriamycin 40 mg with evidence of RPV invasion
(n=2).

Regarding response to treatment, Fan J. et
al. ™ and Chan OA et al.”” reported that the majority
of their patients had partial response (reduction in
tumor size more than 50%). In our study. we
discovered that the majority of cases had progressive
disease which should be due to initial tumor size

larger than 10 cm in greatest dimension associated
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with advanced tumor staging at the time of presen-
tation.

Survival outcome of patients treated with TACE
in this study were 48%, 27%. and 9% of patients at
up to 1. 2, and 3 years with mean survival time 13.1
months. shorter time when compared to Llovet et
al® (survival rates. 82% at 1 year and 63% at
2 years), and Fan J, et al” (87%. 46%. and 28% at
1-. 2-. and 3-years respectively). The reason should
be due to different study design. patient characte-
ristics. and treatment regimens. Our result was closed
to that reported by Huang YH et al*® which had
survival rates in TACE group at 1 year (42%).
3 years (13%). and median survival 9.2 + 3 months.
Our patient selection may be quite similar.

One of our patients with stage IV HCC caused
by hepatitis B virus without evidence of cirrhosis
survived more than 3 years. She underwent 2
sessions of TACE. After the 2™ procedure, CT imaging
showed reduction in size of tumor from 12 to 9 cm
and decreased serum AFP level from 1.8 to 1.11 1U/
ml. Then surgical resection (right hepatectomy) was
considered and the pathological report revealed no
residual tumor with free surgical margin. The long
survival time may reflect pre-operative down sizing
and down staging by TACE. Another patient, AJCC
stage lll. the tumor size reduced from 7 to 3 cm
after 3 sessions of TACE. survived longer than 3
years (Fig. 1).

The low complications of our procedure should
alert the involved clinicians (hepatologists. hepato-
biliary surgeons, oncologists. and interventionists)
to chose TACE as an alternative treatment modality.
The awareness of TACE-related complications should
help in better management. However, this study is a
retrospective review. There is limitation such as

incomplete data collection and small number of

patients. Nowadays many other palliative treatments
with or without added neo-adjuvant therapy for
inoperable HCC patients such as PEI. radiofrequency
ablation, or transcatheter arterial embolization with
radionuclide labeled iodized oil were used as alter-
native procedures. Comparative study with each
treatment modalities and further prospective ran-
domized trials of sufficient number of patients

remain necessary.

Conclusion

Most complications in our study can be
managed. Serious complications. acute liver failure
occurred in 2 patients with RPV invasion. Very careful
pre-treatment planning should help to solving/
reducing the problem. As for the result of treatment,
32% in our patients had partial and minimal tumor
response, and the 2- and 3-years survival rate was
27% and 9%. respectively. We believe that we can

improve it if the patients come to us in earlier stage.
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Abstract

Objective: To evaluate the usefulness of ultrasonography in the cases of suspected acute appendicitis.
Materials and Methods: Sixty-four patients with clinically suspected acute appendicitis in Makarak hospital,
Karnchanaburi from June 2006 to July 2008 were retrospectively reviewed for ultrasonographic diagnosis. The
sensitivity, specificity, PPV, NPV and accuracy were noted.

Results: Nine patients were diagnosed as acute appendicitis but 1 case was false positive. Fifty-five patients
were assessed as non appendicitis group but 3 cases were false negative. The specificity and sensitivity were
98% and 73%. The PPV, NPV and accuracy rate were 89%. 95% and 94% respectively

Conclusions: Ultrasonography may help in the diagnosis of acute appendicitis and exclude other diseases and

decrease unnecessary operation.
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Introduction
Acute appendicitis is one of the most com-
mon acute surgical conditions of the abdomen. The
diagnosis of appendicitis traditionally has been based
on clinical features found primarily in the patient’s
history and physical examination." However the
clinical diagnosis in many patients are difficult to
establish. A negative appendectomy rate is about
20-25%.*° In patients with an equivocal diagnosis,
imaging techniques such as ultrasonography or com-
puted tomography have a role for improve diagnostic
accuracy and patient outcomes.>*
Ultrasonography is a noninvasive, inexpensive
and widely available imaging for diagnosis the
patients with suspected acute appendicitis. Diag-
nostic accuracy, reported to range from 71-97% is
dependent on operator skill *
The present study aims to evaluate the use-
fulness of ultrasonography in the cases of suspected

appendicitis.

Materials and Methods

From June 2006 to July 2008, sixty-four con-
secutive patients with clinically suspected acute
appendicitis were admitted to Makarak Hospital,
Karnchanaburi and underwent ultrasonography.

The examination was performed by using an
ALOKA 3500. A curvilinear 3.5 MHz transducer and
high resolution 5-7.5 MHz linear array transducer
were used. The scanning was done from right
costal margin downwards to right iliac area to
demonstrate ascending colon and cecum. The tip
of cecum and ileocecal region were concentrated
to identify the appendix. The positive criteria for
acute appendicitis were a blind-end aperistalsis. non-
compressible tubular structure with a laminated wall
that arase from the base of the cecum, having an

outer appendicial diameter of 6 mm or greater on
cross section.””

All of the patients were retrospectively reviewed
the medical records and ultrasonographic reports.
The patients with clinically suspected appendicial

abscess or phlegmon were not included in this study.

Results

The retrospective review of 64 patients clinically
suspected of acute appendicitis were underwent
ultrasonography. There were 16 male (25%) and 48
female (75%) patients, with an age range of 4-88
years (mean, 29 years)

Nine patients were diagnosed by ultrasound
to have acute appendicitis. while 55 patients were
classified as non appendicial group based on ultra-
sound.

From table 1, the ultrasonographic finding of
nine patients who were diagnosed of acute appen-
dicitis have positive criterion for appendicitis with
anteroposterior outer diameter ranged from 7-23
mm (mean, 14 mm). In fig. 1, 2 and 3 all of them
were underwent appendectomy and confirmed with
histological evaluation. Eight of nine patients were
diagnosed of appendicitis (True positive) and 1 (11%)
has pathological diagnosis of periappendicitis (False
positive).

Table 1 Correlation between the ultrasonographic results
and pathological diagnosis

Pathology (+) Pathology (-)
Ultrasound (+) 8 1
Ultrasound (-) 3 52

Specificity (52/53) x 100% = 98%

Sensitivity (8/11) x 100% = 73%

Accuracy (60/64) x 100% = 94%

Positive predictive value (8/9) x 100% = 89%
Negative predictive value (52/55) x 100% = 95%
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Fig.1 Acute appendicitis : cross-sectional ultrasound images of RLQ obtained with a linear transducer

show a 10.6 mm diameter, blind-ended. nonperistalsis tubular structure with a laminated wall.
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Fig.2 Transverse and longitudinal ultrasound images at RLQ abdomen show inflamed appendix as
a 7.0 mm AP diameter, blind-ended. noncompressible tubular structure.
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Fig.3 Ultrasound images in longitudinal and cross-sectional views obtained with a convex

transducer of acute appendicitis reveal a 23 mm AP diameter of blind-end aperistalsis,

noncompressible tubular structure at right lower quadrant of abdomen

In the 55 patients with negative ultrasono-
graphic findings for appendicitis. three patients were
clinically determined to have appendicitis and then
underwent surgery with pathological confirmation
(False negative). Fifty-two patients had no evidence
of appendicitis sign (True negative). In these 52
patients, ultrasound provided alternative diagnosis
in 18 patients (gynecological conditions 6 patients.
urological diseases 7 patients and hepatobiliary dis-
eases 5 cases). The other 34 patients were clini-
cally diagnosed as having gastrointestinal diseases
in 17 patients and nonspecific abdominal pain in 17

patients.

Discussion
Acute appendicitis is the most common acute
surgical condition of the abdomen. The clinical
diagnosis of acute appendicitis is based primarily

on patient history and on physical examination. In

classic presentation, a patient with appendicitis has
a typical histological sequence of symptoms (poorly
localized periumbilical pain followed by nausea and
vomiting. with subsequent migration of pain to the
RLQ) and physical findings that vary with time and
with the location of the appendix.’’ The classic
presentation occurs in only 50-60% of patients. and
the diagnosis may be missed or delayed when
atypical pattern of disease are encountered.” The
overall diagnostic accuracy of acute appendicitis is
about 80% in men and women with approximately
20% false negative appendectomy rate.’

In atypical case or equivocal clinical findings,
ultrasonography and computed tomography are
imaging tools that helps to improve diagnostic
accuracy. Ultrasound is available. noninvasive method
for diagnosis acute appendicitis. In experience hands,
ultrasound has reported specificities of 86-100%.

sensitivity of 75-90%, accuracies of 87-96%. positive
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predictive values of 91-94% and negative predictive
values of 89-97% for diagnosis of acute appendicitis.’
In present study. the specificity and sensitivity were
98% and 73%, accuracy rate was 94%, positive
predictive value and negative predictive value were
89% and 95% respectively. In addition, many cases
of true negative in this study were noted, Therefore
ultrasonography may be diagnostic tool to exclude
acute appendicitis and suggest alternative diseases.

The common causes of error in the overdiag-
nosis of appendicitis with ultrasound include misin-
terpretation of the terminal ileum as the appendix
and misinterpretation of a normal appendix as an
inflamed appendix.” However in this study 1 case of
false positive had clinical diagnosis of acute right
pvelo-nephritis. severe form. with inflammation of
paracolic region and periappendicitis. The under-
diagnosis of appendicitis is much more difficult to
address." Many factors include ultrasonographic
machine quality. technique of ultrasound, patient
obesity and position of appendix (particularly true
pelvic and retrocecal types of appendix). Further-
more, perforation of the appendix may lead to
decompression of the appendicial lumen. Two of
three cases with false negative in present study. 1
was retrocecal appendicitis and 1 had acute
appendicitis with pelvic type.

This study had limitation on number of cases
and was performed by one radiologist. However,
good accuracy of present study had encountered.

Accordingly. ultrasound imaging may help to diag-

nose acute appendicitis and decrease the negative

appendectomy rate.

Conclusion
Ultrasonography may help in the diagnosis of
acute appendicitis and exclude other diseases and
decrease unnecessary operation in the suspected

acute appendicitis patients.

Acknowledgements
| am sincerely grateful to Dr.Thanachet Kang-
sapattarakul and Dr.Pornsak Amornsri, department
of surgery. Makarak hospital. for operative and
pathological information.

References

1. Birnbaum BA. Wilson SR. Appendicitis at the Millennium.
Radiology 2000:215:337-48

2. Erksson S. Acute appendicitis-ways to improve diagnostic
accuracy. Eur J surg 1996:162:435-42.

3. John PM. What is the role of ultrasound in evaluating
patients with right lower guadrant pain? ASUM ultra-
sound Bulletin 2004:3:19-21.

4 Jerry LO. Reginald WD. Wendell Y. Jared D. Imaging for
suspected appendicitis. Am Fam Physician 2005.71:71-8.

5. Jain RK. Jain M. Rajak CL. Mukherjee S. Bhattacharyya
PP, Shah MR. Ind J Radiol Image 2006;16:523-32.

6. Wagner JM. McKinney P. Carpenter JL. Does the patient
have appendicitis? JAMA 1996:276:1589-94.

7. Silen W, Fauci AS, Braunwald E, et al. Acute appendicitis.
eds. Harrison's principles of internal medicine. 14" ed.
New York. NY: McGrawHill. 1998;1658-60.



THE ASEAN JOURNAL ofF RADIOLOGY 2010: 16(1): 35-41 35

Original Article

Patient Skin Dose in Interventional Radiology,
TOCE at Songklanagarind Hospital

Anchali Krisanachinda, Ph.D.’
Prasert Wattanapongpitak, B.Sc.?, Panomporn Vimuttisuk, B.Sc.?

" Department of Radiology. Faculty of Medicine. Chulalongkom University
? Department of Radiology, Faculty of Medicine, Prince of Songklanagarind University

Abstract

The purpose of this study is to determine the patient skin dose for Transarterial Qil Chemo Embolization (TOCE)
procedure and the factors affecting in this study. Dose Area Product (DAP) meter was used to measure the
patient skin dose in terms of Gy.m’. After applying the exposed area on the imaging plate placed on patient’s
couch, the skin dose, mGy. can be determined. Twenty-nine hepato-cellular carcinoma (HCC) patients under-
went TOCE procedure at Songklanakarind Hospital were carried out for interventional radiology procedures in
the period of July-September 2008. The average skin dose is 0.428 Gy, the maximum dose is 1.249 Gy and the

minimum dose is 0.176 Gy.

As the exposed area on the imaging plate is mostly invariable, the patient skin dose is directly dependent on the
DAP readout with the correlation coefficient,  of 0.97 while the correlation coefficient with body mass index is
0.102 and the correlation coefficient with the fluoroscopy time is 0.22. The maximum skin dose is lower than the
threshold limit of erythema dose of 2 Gy.
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Introduction

The use of ionizing radiation for fluoroscopi-
cally guided interventions introduces two principal
types of risks during medical care. The first is the
stochastic risk of induced neoplasia and the
second is deterministic risks for effects in superficial
tissues such as the skin or the lens of the eyes. A
third stochastic risk associated with ionizing
radiation is that of heritable genetic risks passed on
to descendants. This risk applies only to patients
who will parent future offspring. Therefore, the risk
associated with the use of ionizing radiation to treat
patients with an urgent demand in medical needs
deserve considerations. The aspect of assessing
risk of ionizing radiation in relation an individual
patient versus the anticipated benefits should be
considered.

Since 1990, hundreds of reports on radiation
skin injury from fluoroscopic interventions have been
published.” To reduce the likelihood adverse
radiation effects. the intervention radiologists must
be well trained in the methods to conserve radiation
use: the fluoroscopic equipment must be appro-
priately designed and well maintained for high quality
imaging at low radiation output. The purpose of this
project is to assess the potential for conserving
radiation use by studying circumstances of proce-
dures performed at Songlanakarind Hospital. There-
fore. the project was designed to utilize the dosimetry
techniques such as dose area product (DAP) to
assess patient doses. The ultimate goal is to evaluate
the role of different factors in patient dose manage-

ment.

Dose Monitoring

Dose-area-product meters are wide-area out-
put detectors that can only assess the average dose
over the radiation beam area. Readout is provided
in units of Gym®. The device provides no assess-
ment of dose to the skin. To obtain an estimate of
skin dose, the area of the beam at the skin surface
must be known. This should be useful in which the

beam seldom changes either in size or in angulations.

Materials

1. X-ray system. Manufacturer Philips Medi-
cal System Model Integress V5000 (Fig 1)

2. DAP Meter Manufacturer PTW Model
Pehamed W2 (Fig 2)

3. Imaging plate. Manufacturer Fuji Model
ST-VI size 14x17 inch (Fig 3)

4. CR Reader Manufacturer Fuji Model FCR
XG 5000

5. lonization chamber and Electrometer Manu-
facturer RADCAL Model 9095

6. Workstation Manufacturer Rogan Version
20

Fig.1 Radiographic Fluoroscopic System for TOCE
Procedures
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DAP detector and Meter PTW Model Pehamed
W2

Fig.3
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Fig.4 Fluoroscopic Exposed area during TOCE on film

Methods
1. Perform the quality control of the radio-
graphic-fluoroscopic system using IAEA and AAPM
protocols for
¢ Radiation dose assessment
e Automatic Brightness Control (ABC)
* Maximum dose rate assessment
e Table attenuation determination
¢ Image size assessment
¢ Half Value Layer assessment
e |mage quality assessment
2. Calibrate DAP with lonization chamber as

in figure 5 to obtain DAP calibration factors.

Coach

Chamber —

Fig.5 DAP and lonization Chamber setup to obtain the
DAP calibration factor

3. Patient data collection:
s HN
e Age. weight, height. sex
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4. Patient dose determination
* Place the DAP detector on the x-ray
collimator securely.
* Place the imaging plate on the patient’s
couch and under the patient back at the liver region

f(E) is the f-factor that converts
air-kerma (AK) into absorbed skin dose is usually
1.06 mGy tissue absorbed dose per mGy air-kerma

BSF is backscatter factor which is

approximately 1.3 for diagnostic x-rays

» Record the following parameters: kVp. ESD =14 AK
mAs. SID, SSD. fluoroscopic time. DAP cumulative
dose. radiologists experience, complexity index. Results

e Determine the exposed area, m* from 1. Patient characteristics. Number of patients
exposed film. is 29 as detail in table 1.
» Calculate the patient entrance skin dose, 2. Measured and collected items are shown
ESD in table 2.
ESD = f(E) x BSF x AK 3. Other reports are shown in table 3

Table 1 Twenty-nine HCC patients who underwent TOCE at Songklanagarind Hospital

Sex Age (years) Weight (kg) Height (cm) BMI (kg.m-%)
Male Female Ave Min Max Ave Min Max Ave Min Max Ave Min Max
24 5 623 39 82 577 38 734 1659 151 180 2098 1667 22.65

Table 2 Parameters collected at the end of TOCE procedures

Fluoroscopy Time

2
(inkiiitng) DAP (Gy.cm’) Area (m?) ESD (Gy)
Ave Min  Max Ave Min  Max Ave Min Max Ave Min Max
17.91 6.5 554 1960 767 6132 005 004 007 0428 0.176 1.249

Table 3 Factors influenced the patient skin dose from other countries.

Hepatic Embolization

Country No.of patients Fluoroscopy Time (min) DAP (Gy.cm’) (range, ESD, Gy (range,
(range, median, mean) median, mean) median, mean)
indla 16 2.7-365. 20.0. 184 19.4-133. 63.6. 650 0.03-0.7. 0.36. 0.34
Japan 19 36-62.9. 246, 304 0.16-2.95. 16, 1.47
Malaysia 6 15.4-59.9, 42.38.3 157.1-501.4, 265, 288.1  0.68-3.1, 164, 1.77
Thailand® 30 24-480. 92, 147 243-3817 1847,1952  0.25-261, 0.88. 1.06
Turkey 15 1.8-129.8.7.77 14-204, 48.4, 65.2 0.09-1.25, 0.32,0.43
This Study 29 6.5-554, 16.4, 179 7.7-613 173196 0.18-1.25, 0.38.0.43

*King Chulalongkorn Memorial Hospital
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Discussion

Data were acquired for a wide variety of
hepatic embolization procedures resulted in wide
variations in fluoroscopy times. 6.5-55.4 minutes,
DAP readout. 7.7-61.6 Gy.cm’ and mean skin dose
(MSD). 0.18-1.25 Gy, among twenty-nine patients.
While the relationship of DAP to BMI appears to be
linear, the data are few and no substantive conclu-
sion should be drawn. There is a mild influence of
BMI on skin dose to patients, suggesting that
factors other than BMI are more important in
predicting the final dose result. The patient with
maximum BMI of 2684 kg/m’ obtained the skin
dose of 0.175 Gy while the patient with lowest BMI
of 15.22 kg/ m® obtained the skin dose of 1.248 Gy.
None of the data suggest the significant correlation
between maximum skin dose and body mass index
as in Figure 6. (R* =-0.1016)

Both ESD and DAP tend to increase with

increasing fluoroscopy time in a linear way for

hepatic embolization procedures as in figure 8.
Figure 8 demonstrates that the use of DAP to
predict skin dose for hepatic procedures must be
approached with caution. Generally, a linear rela-
tionship between ESD and DAP exist as in figure 7.
A consistent behavior in use of beam orientation,
geometry, and machine setting is likely to result in
tight variation around a linear trend line. Consis-
tency in execution is the key to making DAP a

useful tool to estimate skin dose.

High skin dose

The patient high skin dose during TOCE
procedures could be of multiple explanations such
as the fluoroscopic time. DAP values. kVp. In this
study, the maximum time is 55 4 minutes while other
study in Table 3 showed the longest time of 62.9
minutes and the maximum skin dose of 295 Gy.
The DAP value showed the range of 7.7-61.3 Gy.cm’
which is less than other study ranged up to 501.4

Relation BMI and Patients Skin Dose
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Fig.6 The poor correlation between the patient skin dose and BMI. body mass index
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Relation ESD (Skin dose) and Flu Time
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Fig.7 The linear correlation between the patient skin dose (ESD, mGy) and the fluoroscopic time (minutes)

Relation DAP and Patient Skin Dose
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Gy.cm’ causing the skin dose of 3.1 Gy. For maxi-
mum kVp. this study used 84 and the average of
75.38 resulting in moderate skin dose compared to
the kVp reach above 100 and for high magnification
modes for other study. The exposure dose rate could
be as high as four times for magnification mode
when compared to normal mode. Some physicians
did not use collimation very often and this resulted
in overlap of fields when the beams were changed
to a different orientation. Without overlap. the maxi-
mum skin dose would have been much lower. These
are likely related to experience and training. The
machine pulse rate modes, the automatic exposure
rate are parameters influenced the high skin dose if

the physicians did not use appropriately.

Conclusion

Radiation risks. Radiation induced cancer is a
long term risk of about one incidence per 1,000
patients receiving DAP of 80 Gy.cm’ at the age of
60. It is about 4 times this amount for the same
DAP in a patient of age 10 years. Radiation injury
has occurred in patients undergoing complex
interventional procedures. many have been severe.
A mild radiation injury occurred in the skin of
patient during this study. Severe effects are rare in
relation to the number of procedures performed.

Dose management. Body mass index is the
weak related risk for high skin dose in the
interventional procedures. This means that the
patient size is far less an important predictor of the
dose to be delivered than other factors such as
complexity or difficulty of the procedure. A large
patient will contribute to the elevation of a high
dose delivery during a complex and difficult proce-
dure.

Radiation dose monitoring to patients with

sufficient accuracy required the available resources
to assure the quality result. However, monitoring
patient skin dose to manage near-term adverse
effects is important for patient care. Fluoroscopy
time is correlated with dose to the patient but is a
poor predictor of it because it does not account for
the effects of image acquisition modes. different
beam geometry and output modes of operation.
Table 3 shows DAP readout is more significantly
correlated with skin dose than fluoroscopy time.
Under careful application and certain circumstances.
maximum skin dose may be estimated from DAP.
Experience of the interventionist in efficiently
completing a procedure is a major factor in dose
management. It was demonstrated that significant
increases in dose to the patient result from inter-
ventionists who are less skilled than others.

Dose monitoring is a valuable tool. It is
recommended to each facility establish a dose moni-
toring methodology suitable for the purpose. Action
should be taken as doses exceed certain threshold

levels.
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Ahstract

The purpose of this study is to determine the patient radiation dose and the factors affecting in order to develop
the potential methods for the radiation dose reduction. The basic population consists of 100 patients who

underwent the chest and abdominal computed tomography examinations at Songklanagarind Hospital.

The result shows the average dose length product, DLP, calculated for chest and abdominal CT of 448.10 and
1.192.59 mGy.cm respectively. The average weighted CT Dose Index CTDIw were 84 mGy for chest and
11.2 mGy for abdomen. 47 patients or 94 percent for DLP chest CT were lower than the dose reference level of
650 mGy.cm. For abdominal CT, 44 patients or 88 percent of sample population received the radiation
dose higher than the dose reference level of 800 mGy.cm. All CTDIw were below the dose reference level of

30 mGy for chest and 35 mGy for routine abdomen.

The major factors affecting the patient radiation dose are the scan techniques such as the tube voltage. tube
current, the scan time. the slice thickness. the scan length and the number of the phases or scans. Adaptation
of the scan techniques. the reconstruction algorithm and the adjustment of the slice thickness to the appropriate
scan length enable the reduction of the patient dose. The result of this study will lead to the awareness of the
radiologists and technologists for the proper use of CT especially whole abdomen in young adult and in
pediatric studies.
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Introduction

When Godfrey Hounsfield' developed the first
clinical CT scanner in 1971, a new era of 3D visuali-
zation of the human body was initiated. During the
1970s the second. third and fourth generation scan-
ners were developed. but by the end of the 1970s
the basic principles of the CT scanner were well
established. and the same principles are used in all
scanners today. It was not until the late-1990s that
rapid development started again. Largely this was
the development of multi-row detector scanners and
the culmination of efforts to increase the heat
capacity or cooling of the x-ray tube. These faster
scanning technigues enabled many more patients
to be examined by the same number of staff. It also
greatly increased the indications for the use of CT,
partly because arterial and venous phases could
be separated. As well as faster scan times and
more clinical indications for the use of CT, the world-
wide sale of CT scanners has more than doubled
since 1998, and is predicted to continue at the same
pace.

In recent years there has been increasing
concern over the radiation dose to patients from
CT studies.”* The risk of cancer from all diagnostic
x-ray procedures has recently been estimated to
be between 0.5 and 3% of that for all cancers in
developed countries. Although these risks seem
relatively high, the current risks must be even higher,
as most of the utilization data on diagnostic proce-
dures in this published study was taken from the
period 1991-96°.

Since that time several generations of multi-
row detector CT scanners have been introduced,
resulting in increased patient throughput and
increased indications for CT examinations. Recent

papers have estimated that CT examinations now

account for nearly 70% of the dose to patients in a
tertiary care US hospital.” A recent radiation audit
in a Canadian hospital provided essentially identical
results. showing CT examinations delivering 60% of
patient effective radiation dose®

In diagnostic imaging the largest patient doses
per examination come from CT and angiographic
procedures. In angiography the therapeutic proce-
dures generally give a higher dose to the patient
than the diagnostic exams. In recent years, diag-
nostic angiography has largely been replaced by
CT angiography in many radiology departments,
possibly further increasing the overall dose to pa-

tients.

Materials

1. Computed Tomography System. Manufac-
turer Philips Medical System Model Tomoscan AV
Serial number K 813952902. (Fig. 1)

2. lonization chamber and Electrometer Manu-
facturer RADCAL Model 9095 (Fig. 2)

3. Body CT Phantom diameter 32 cm. with
100 mm. pencil ion chamber (Fig. 3)

4. Fifty patients for whole abdomen scan, fifty

patients for whole chest scan.

Methods
1. Perform the quality control of the CT scan-
ner
2. Determine the exposure dose using AAPM
and IAEA protocols for
21 CTDI in air
22 CTDI in phantom
23 The weighted CTDI. CTDIw
Before patient data collection. CTDI mea-
surements were performed using a pencil-shaped

ionization chamber with appropriate calibration



44 THE ASEAN JOURNAL oF RADIOLOGY
Jan.-Apr. 2010, Volume XVI No.l

Fig.1 Computed Tomography System. Manufacturer Philips Medical System Model Tomoscan AV Serial number K
813952902.

Fig.2 lonization chamber and Electrometer Manufacturer ~ Fig.3 Body CT Phantom diameter 32 cm with 100 mm
RADCAL Model 9095 pencil ion chamber set at the center of the gantry
for CTDI measurements.
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certificate. The measurements were done in air for
simplification purposes, using the following techni-
cal parameters: 120 kVp, 5 mm, 100 mAs and
1 pitch. The CTDlair results were compared with
the Impact Group results (http.//www.impactscan.org/
) which provides the CT dose information for every
CT scanner type and practically every clinical pro-
tocol used in routine procedures.
24 Dose-Length Product (DLP)

DLP is a dose descriptor that charac-
terizes the exposure of a complete examination and
is estimated by the following formula:

DLP = CTDI,'T'N, (]

where T, is each different slice thick-
ness used in the examination protocol. N, is the
number of T,slices and CTDIwi is the value of CTDIw
of each particular slice thickness T.

25 The Effective Dose (E) mSv

The effective dose is estimated by first
estimating the energy imparted to the body region
being scanned and then multiplying by the ratio

factor for that particular region.

E= DLP. f oy Kor el

f is the average conversion factor

mean

for the specified region

ke; is the scanner factor

Table 1 The CTDI in air is compared to ImPACT value.

3. Patient data collection:
31. HN.
3.2. Age, weight, height, gender

4. Patient dosimetric data collection.

4.1. Record the following parameters: kVp,
mAs, slice thickness. the ratio of slice width and
bed index, SW/BI, scan length, number of phases
of study.

42. Determine the CTDIw, DLP for the
chest and abdominal regions

4.3. Compare the result in 3.2 to the dose
reference level. DRL

4.4 Calculate the patient effective dose

Results

1. The CTDI in air. The 100 mm ionization
camber was placed in air at the central point of the
gantry. The chamber was exposed 5 times and the
average result was recorded in Table 1. The mea-
sured CTDI was compared to ImPACT data to
obtain the percent error of the measurement. The
result is accepted when within 10 percent of the
ImPACT. (table 1)

2. The CTDI in phantom. The 100 mm cham-
ber was inserted in the centre position of the body
phantom and measure the dose as the result in
table 2.

3. The CTDI at four peripheral positions of
body phantom were measured as in table 3 and

compared to the IMPACT scan value as in Table 4.

CTDI in air (mR) Measured CTDI ImPACT CTDI
Percent Error
1 2 3 4 5 Average (mGy) (mGy)
214 219 218 213 218 2.16 18.92 19.3 98
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4. The weighted CTDI determination:

CTDIw = 1/3 CTDI(center)+2/3CTDI
(peripheral)
= 6.8 mQGy

5. Patient dose determination. The weighted
CTDI (mGy) and the DLP (mGy.cm) for 50 patients
underwent CT of the chest and 50 CT of the whole
abdomen were determined. The result on DLP is
displayed as the average. range and compared to

the dose reference level (DRL) as in the table 5.

The weighted CTDI for chest and whole abdomen
are shown in table 6 and compared to the DRL.

The dose length product for both studies
exceeds the DRL of 3 from 50 chest and 44 from
50 whole abdomen as details in table 7.

The dose length product is increasing as the
increasing number of slices as in table 8 and as the
increasing number of phases as in table 9.

The scan technigue in this study is as the
followings, the range of mAs is 150-200, the slice
thickness is 3-7 mm resulting in the DLP exceeds
the DLR as in table 10.

Table 2 The CTDI at the centre of the body phantom of 32 cm. diameter.

CTDIlcerter (mR) Measured ImPACT CTDI
Percent Error
G
1 2 3 4 5 Average CTDI (mGy) ot
0.46 0.45 0.44 045 0.44 045 394 43 9.16

Table 3 The CTDI at 4 positions peripheral sites on the body phantom of 32 cm diameter.

CTDlecriprera. (MR)

Position 1 2 3 4 5

Average (mR)

Measured ImPACT

Average (mR) mGy mGy Percent Error

Top 104 104 103 103 102 103
Bottom 082 084 082 082 082 0.82 094 823 9.00 914
Right 100 098 098 099 100 099
Left 093 094 093 093 094 093
Table 4 ImPACT scan data for Philips Tomoscan Model AV LX SR 7000
CTDI CTDI ImPACT
kVp  Sub-group Scanner Head, mGy/100mAs Body, mGy/100mAs Factor
Air Centre Perip Air Centre Perip Head Body
120 PH.e 120 Philips AV, 193 136 148 193 4.3 9.0 103 1.01

LX. SR7000
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Table 5 The Dose Length Product, DLP (mGy.cm) for 50 chest and 50 whole abdomen scans.

Organ Range Average DRL
(mGy.cm) (mGy.cm) (mGy.cm)

Chest 288.29-709.63 448.10 650

Whole abdomen 613.54-1714.94 1192.59 800

Table 6 The weighted CTDI for this study

Organ Average DRL
CTDIw (mGy) CTDIw (mGy)

Chest 105 30

Whole Abdomen 134 35

Table 7 Number of patients with DLP, mGy.cm exceeds
the dose reference level

Organ Number Percent
Chest 3/50 6
Whole abdomen 44/50 88

Table 8 The dose length product for whole abdomen
and chest CT scans in relative to the number

of slices.

Number Whole Abdomen Chest

of Slices DLP (mGy.cm) DLP (mGy.cm)
39-50 - 288.29-369.60
51-70 - 376.99-517.43
71-90 739.20 (75 slices) 524.74-591.36
91-120 896.60-1183.20 672.34-709.63

(96 slices max)

121-209 1192.58-1714.94 -

Table 9 The average number of phases and number of
slices per phase

Organ Average Number of Slice
Number of Phases per Phase
Chest 22 28
(1-3 phases)
Abdomen 27 47

(2-5 phases)

Table 10 The CT scan techniques resulted in the excess
DLP in abdomen

Slice Number Number of

mAs Thickness of cases Percent cases exceed
(mm) DRL

150 7 2 4

175 7 1 22 9

200 7 32 64 31

150 3 1 1

175 5

200 5 3 2

Table 11 The Effective Dose (E, mSv) for Chest and Whole
Abdomen

Study

Chest 2.44 157 3.86
Whole Abdomen 687 353 982

E,. mSv E_ 6 mSv E, . MSv
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In order to compare CT procedures with other
types of radiological examinations and to estimate
the radiological risk. the effective dose. E (mSv)
was calculateded according to Hidajat 1996, as in

the equation’ and the results are shown in table 11.

Discussion

The EC’ specify criteria for patient dose for
CT examinations and give examples of good imaging
technique. The dose that the patient receives in a
CT examination is determined by two aspects of
the particular scanner - the radiation output char-
acteristics of the scanner and the clinical protocol
of how the scanner is used in performing the
examination. The first aspect can be determined
using the CTDI,, - a weighted measure of the amount
of radiation the scanner “uses” per slice. This
parameter in turn depends on the kVp, base filtration.
shaping filters, slice width and the mAs per slice.
The second aspect is essentially determined by the

volume scanned. The combination of these two

THE ASEAN JOURNAL oF RADIOLOGY
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aspects determines the patient dose. which can be
specified by effective dose or more simply by DLP.

The specification for CTDIw for the general
chest CT is that it should be less than 30 mGy"
which all CTDIw values in this study were 10.5. The
protocol for chest is 120 kVp. 150 mAs and the
slice thickness is 7.0 mm for all 50 cases. The average
CTDI, for whole abdomen is 13.4, with minimum
and maximum values of 10.5 and 140 mGy as in
Figure 4. The abdomen protocol is 120 kVp. 150-
200 mAs. and 3-7 mm slice thickness. These values
are compared to the Dose Reference Level reported
from the UK of 35 mGy criteria for CTDIw.

Dose length product is an overall measure of
patient dose. The proposed diagnostic reference
level for DLP is given as 650 mGy. cm for chest’
The average of the reported DLP values was 4481,
with minimum and maximum values of 288.3 and
7096 mGy.cm as in figure 5. These values are very
similar to those reported from the UK.'

For the whole abdomen, the average DLP was

The CTDI, for whole abdomen patients
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Fig. 4 The weighted CTDI for whole abdomen of 50 patients with DRL of 35 mGy
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The DLP (mGy.cm) for chest patients
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Fig. 5 DLP for chest patients with Dose Reference Level of 650 mGy.cm
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Fig. 6 The DLP for 50 whole abdomen patients which DRL is 800 mGy.cm

1,192.59 with the range of 613.54 - 1.714.94 mGy.cm
as in figure 6. The DRL is 800 mGy.cm

The EC’ in “examples of good imaging
technique” states that the nominal slice width should
be in the range 7 to 10 mm, with an inter-slice

distance of zero (contiguous slices) or a pitch equal

to 1 in the case of spiral scanners. Our technigue
used slice widths of 7.0 mm for chest CT and 3 to
7 mm for abdomen with one 3 mm. four 5 mm and
forty-five 7 mm slice widths respectively.

The scan length for each patient was variable

and dependent on the number of phases. For chest.
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Fig.7 The linear relation of the scan length and DLP in chest CT patients.

the average number of phases was 22 and the
range was 1-3. For abdomen the average was 2.7
and the range was 2-5 as in Table 11. The DLP was
reflected by the scan length for chest. The maxi-
mum length of 744 cm, 2 phases resulted in DLP
of 687.5 mGy.cm as in Figure 7.

Conclusion

As the number of CT examinations is increas-
ing rapidly, patient dose reduction is a task that
needs urgent attention. Appropriate use of reduced
dose protocols for common clinical indications
requires further investigation. Radiation dose reduc-
tion is a key in the pursuit of novel applications of
multi-detector CT. Medical personnel involved in
radiological imaging should be familiar with the
variety of methods and techniques for radiation dose
reduction to ensure that radiation exposure is kept

as low as reasonably achievable.
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Abstract

Objective: TSET at our institution has been commissioned. Technique and dosimetry were investigated and
reported.

Methods & Materials: According to the Stanford six-dual field technique. using a high dose rate (888 MU/min)
mode 6 MeV electron, at 400 cm SSD, on Varian 23 EX linear accelerator, investigation for the optimal irradiation

geometry and TSET dosimetric features were performed.

Results: Acceptable field symmetry was obtained at the gantry angle + 175° from 90°. Using a 1 cm perspex
scatterer, the electron mean energy was degraded from 6 MeV to 2.1 MeV. Depth of dose maximum was
detected at the surface to a depth of 2 mm. with R80 and R50 were at 0.52 and 0.9 cm from the surface.
respectively. Absolute dose to water at a calibration point from the dual gantry in the high dose rate mode
delivery was 1.367 Gy/1000 MU. The overlap factor (B) in this study was found to be 2.93. Phantom dosimetry
revealed the accuracy of delivered dose was within + 5%. Skin dose distribution was within + 10%, of the dose
at prescription point and the x-ray background dose averaged over a phantom body was 0.58%. Dose homo-
geneity over the patient's flat surface varied only a few percents. But at the tangential surfaces. the 10-30%
difference from the delivered dose were presented.

Conclusion: TSET procedure for our first mycosis fungoides patient was successfully commissioned and
implemented to the patient. Acceptable dosimetric features with the high dose rate electron mode were

achieved. At one year follow-up. a satisfactorily clinical result was detected from the given technique.
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Introduction

It is acknowledged that TSET have been used
for both primary and secondary cutaneous malig-
nancies involving large segments of a body such as
mycosis fungoides, lymphoma cutis cutaneous
lymphoma and Kaposi's sarcoma.'“ Various TSET
techniques have been developed with an objective
to obtain a large electron field to deliver a uniform
specified dose over the entire skin surface to a
particular depth.*” However. in practice. it is diffi-
cult to deliver to the entire skin of a patient with the
irregular surface without the overdose and under-
dose. Moreover. the photon contamination from
electron beam may be a source of side effects for
the patient. It is strongly recommended that. in each
particular TSET technigue, the x-ray background
magnitude must be known accurately and that an
acceptable level averaged over a body volume should
be 1% or less of the total mean electron dose at
dose maximum.’ At our institution, based on avai-
lability of the standard linear accelerator, the Stanford
TSET technique was selected for our first mycosis
fungoides patient. With a large SSD. dual angled
electron beams and the six patient positions geom-
etry. a thorough commissioning procedure of the
proposed TSET technique was carried out and

discussed.

Materials & Methods

With the 23 EX Varian linear accelerator at
400 cm SSD and the collimator size 36x36 cm’, the
optimal beam geometry was first investigated. To
flatten and degrade the electron energy., a 1 cm
thick perspex panel. was placed at 30 cm in front
of a 1x1.8 m’ in size wooden board. Vertical profiles
in different dual gantry angles varied from + 13.5° to

18.5° from a horizontal plane were quickly assessed

at equal intervals by using 12 electron diodes. 2D
spatial distribution at the angle presented the best
field symmetry will be examined using the TLD-100
dosimeters. Appropriate placement for the beam
degrader was also investigated at between 30 and
50 cm in front of the treatment plane.

Dosimetric characteristics including central axis
depth dose and electron beam output at a calibra-
tion point will be carried out with the optimal geo-
metry obtained from the previous step. The elec-
tron depth dose was measured to a depth of 10 cm
using PTW Markus parallel plate (PP) chamber and
solid water phantom. In addition. to investigate the
efficiency of the beam degrader, depth dose curves
and beam profiles between with and without the
scatterer were compared. Possible inaccurate depth
dose from a cable effect of PP chamber was
reevaluated using TLD-100 chips.”* Electron beam
parameters depth of dose maximum, R80 and R50.
were determined from the measured depth dose
curve. Then, the electron mean energy and output
determination at the calibration point were carried
out according to the code of practice for high energy
electron beams from TRS-398°

Total prescription dose. 36 Gy. was planned
to deliver in 9 weeks for this patient'”. A whole skin
irradiated with 2 Gy was achieved from 12 treat-
ment fields in six-dual angles and six positions in
two days. To calculate the monitor unit per treat-
ment field, the overlap factor (B) was determined
from the mean treatment skin dose as described by
AAPM Report No.23."" In this study we used 72
TLD-100 caps distributed uniformly on the 26 cm in
diameter x 35 cm in height polystyrene cylindrical
phantom. After irradiating the phantom under a
complete cycle from the TEST technique, the mean

treatment skin dose along a circumference of the
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cylindrical phantom was achieved. The overlap
factor (B) was then calculated from the ratio of
mean treatment skin dose to the absolute dose at
the calibration point (0. 0. 0) received from a single-
dual pair irradiation. The number of monitor units to
deliver the prescribed dose per field per treatment
cycle was obtained from the following equation(1).
(Factor 0.5 means at the prescription point. 50% of

dose delivered from the beam up and down)

Dose per field = (Prescribed dose x 0.5)/ B
Monitor Unit = Dose per field/Electron beam output ....(1)

To verify the dose distribution. beam calibra-
tion accuracy and dose penetration. humanoid phan-
tom dosimetry was performed. Sixty-eight TLD-100
measurement points were chosen as recommended
by Antolak JA. et al”” We also inserted 41 TLD
caps at the various anatomical locations from head
to pelvis inside the phantom to evaluate the x-ray

background dose receiving from TSET.

Since the surface contour between the
humanoid phantom and the actual patient are
different. in vivo dosimetry with TLD was performed
at the first fraction as a pretreatment quality assu-
rance. Accuracy of the delivered dose. surface dose
distribution, dose to critical organs (such as lens)
will be assessed. The entire procedure was evaluated.
Careful consideration was made by the team to
ensure the quality of the treatment before applying
to the patient.

Results

Optimal Treatment Geometry
Uniform vertical profile assessed from diodes
was shown at the gantry angle of 72.5° and 107.5°
(+17.5° from 90°). 2D spatial dose distributions at
this dual gantry angle were remeasured using
numerous of TLD-100 dosimeters. It was found that
the field symmetry were observed within + 5% on
the entire length of 180 cm and 40 cm field width

as seen in Fig. 1 and 2.

2D Spatial Dose Distribution

% Normalization Dose
3

=ML
-2 + 90

Midline

B il

70
Distance (cm)

Fig. 1 2D spatial dose distribution at the gantry angles + 17.5° from 90°
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Fig. 2 Satisfactory field symmetry were found within + 5% on the entire length of 180 cm and 40 cm field width
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Depth Dose Curve from TLD
at +17.5° Gantry Angle
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Fig. 3 Electron profile and depth dose curve at gantry angles + 17.5° from 90° compared between two different
locations of the beam degrader.
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Concerning about the location for the beam
degrader, no difference of the beam characteristic
between the 30 and 50 cm distance in front of the
treatment plane were detected as shown in Fig. 3.
However, in this study. the 30 cm distance was

selected due to a slightly better surface dose.

TSET Dosimetric Characteristics

It was clearly shown that using the beam
degrader. the higher surface dose and shallower
depth dose were obtained when compared with the
open beam as seen in Fig 4. Depth of dose maxi-
mum was presented at the surface to a depth of 2
mm. and beam penetration, R80 and R50, were at
0.52 cm and 0.9 cm below the surface. respectively.
The electron mean energy at the treatment SSD
was determined to be 2.1 MeV.

Accurate photon contamination dose when
assessed with TLDs in humanoid phantom was found
to be less than 1%. This result was in contrast to
the PP chamber which the cable effect will increase

the contaminated dose to the level of 12%.

Beam Output at a Calibration point

TSET calibrated dose was evaluated at the
calibration point located at (0,0.0) as shown in Fig
5. The output was determined by Markus PP cham-
ber in the solid water phantom and was found to
be 136.7 cGy /1000 MU from the dual gantry angles.

The overlap factor (B)
With the 72 TLD measurement points. the
result of the mean treatment skin dose from the

six-dual fields. 1000 MU irradiation, on the cylindri-

i Central Axis Depth Dose Curve
‘ at +17.5° Gantry Angle ‘

120 -

' & | —— IC - Open Beam J
2 g0 ]
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‘ S 40 - ‘
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® 20 |

‘ 0 T 1 1 I

0 2 46 810 20 30 40

|

|
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Fig.4 Central axis depth dose curve compared between the presence and absence of the beam degrader. and

between the parallel plate ionization chamber and TLDs.
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Fig.5 Absorbed dose measurement geometry and dose determination from each dual angle

cal phantom was equal to 383.33 cGy + 554%.
With the same geometry and number of MUs, the
absolute dose at the calibration point received from
a single-dual pair field was 130.83 cGy. Accuracy of
the calibrated output was verified by the deviation
of the measured dose from the expected dose
(136.7cGy) and was about 4.29%. From previous
study. typical B factor was reported in the range 2.5
to 31", and in this investigation was found to be
293. With the prescribed dose 2 Gy per cycle (in
2 days) with six dual beams per cycle, monitor
units required for 72.50 and 107.50 treatment beam
were 495 and 503 MU. respectively.

Phantom Dosimetry

Dose verification on the rando phantom
showed the measured dose at the prescription point
was 94.8% of the delivered dose. Acceptable dose
uniformity at the entire flat surface of the phantom

was achieved as illustrated in Fig 6. Photon con-

taminated dose. measured from 41 TLD points. was

found to be 058% of the total prescribed dose.

In Vivo Patient Dosimetry

Owing to the difference between the humanoid
phantom and the actual patient. dose verification
on the first treatment fraction was performed. Results
of the measured doses at various anatomical
locations of the patient is presented in Table 1. Due
to the obesity of the patient, some areas expected
to be underdosed such as inframammary region.

buttock skin fold were added in the experiment.

Discussion
To provide a large, uniform and low energy
electron field, the appropriate material and thick-
ness of the scatterer-degrader was required for the
TSET. Selection and placement of the degrader are
strongly influenced by the need to minimize the

background radiation.” Anacak Y., et al has reported
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Fig.6 Surface dose distribution on humanoid phantom

Table 1 Patient’'s surface doses measured on the first fraction of treatment.
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Anatomical Location

% of Prescription Dose

Anatomical Location

% of Prescription Dose

Vertex

Neck

Shoulder

Breast

Hand

Ant Abdomen
(prescription point)
Lat Abdomen

Ant Thigh

Mid dorsal foot

81

89
78
98
89
96

103
89

86

Eyelid
(No shielding)
Axilla
Elbow
Under breast
Finger
Post Abdomen
(prescription point)
Buttock
Medial Thigh
(close to perineum)
Toe

84

76
86
70
92
104

73
31

100




60 THE ASEAN JOURNAL oF RADIOLOGY
Jan.-Apr. 2010, Volume XVI No.l

that, the thicker the beam degrader. the worse the
dose homogeneity at the surface.”” To obtain better
dose homogeneity, a thinner beam degrader was
suggested.

In this investigation, we used our old 1 cm
thick perspex panel placed at the 30 cm in front of
the treatment plane as a beam degrader. Both the
acceptable background dose (0.58% of the pre-
scription dose) and the dose uniformity throughout
the flat surface, within + 10%. were taken.

About the dose homogeneity on actual TSET
patient. dose uniformity within + 15% was reported

1517 In

to be acceptable by several publications.
our study. the variation of measured dose from
prescription dose on the flat surface of the body,
was within 10%. However, due to the four oblique
treatment positions, in addition to, the size of the
patient. doses at the tangential and self shielding
areas such as shoulder, axilla. elbow, underbreast
and buttock, showed a lower dose from 70%
to 78% of the prescribed dose. These results
were found to be comparable to those of past

"% No overdose was seen for thin areas

studies.
such as hands. fingers and toes. of the body.

For dose to critical organs, such as lens of
the eyes, using external wax shields (about 3 cm
thickness), the lens dose were reduced from 84%
to approximately 10% The data suggested using
the internal eye shielding should be more suitable.
Underdosed areas including soles of feet and the
perineum were considered by the physician to be
subject to local boost fields during the TSET was

performed.

Conclusion
TSET for our first mycosis fungoides patient

was successfully commissioned and implemented

to the patient. Acceptable dosimetry with the high
dose rate electron mode was achieved. At one year
follow-up, a satisfactorily clinical result was found
for this patient. The technique was experienced as
complex, and time consuming to develop; rigorous

quality assurance was needed as well
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Abstract

Objective: To evaluate the outcome of Thai herbal medicine. Vilac Plus (G716/45) on standard palliative
radiotherapy for advanced non small cell lung cancer, stage llIB-IV compared with historic control from the
literature reports.

Patients and Methods: Between March 2003-June 2006, thirteen patients of advanced non small cell lung
cancer. stage IlIB -IV with poor performance status were treated by palliative radiotherapy in adjuvant with the
Thai herbal tonic solution (Vilac PlusG716/45) as supportive remedy. This study was performed at Radiotherapy
Division. Department of Radiology, Faculty of Medicine, KhonKaen University, KhonKaen 40002, Thailand. The
results were analysed in the aspect of clinical benefit rate of survived patients more than 15 months, median
survival time and overall survival rates. The survival curve was estimated by the Kaplan-Meier method.

Results: Thirteen patients (8 male, 5 female) of advanced non small cell lung cancer with poor performance
status (Eastern Co-operative Oncology Group 2-3). stage IlIB 11 cases. stage IV 2 cases were treated by
palliative radiotherapy in adjuvant with the Thai herbal tonic solution (Vilac Plus G716/45) as supportive remedy.
Median age was 66 years (range 44.4 -83 years). The pathological reports were classified to be squamous cell
carcinoma (5 cases). adenocarcinoma (2 cases). bronchioalveolar carcinoma (1 case). mixed squamous and
adenocarcinoma (1 case). There were 30.77% (4/13 cases) of clinically advanced lung cancer by evidenced of
computed tomography chest scan / chest X-ray. The clinical benefit rate of survived patients more than 15
months was 84.62%. The median survival time was 28 months (range14-74 months) The overall 1, 2, 3, 4 and 5
survival year rates were 100%, 53.85%. 30.77%. 23. 08% and 15.38% respectively.

Conclusion: This pilot study was limitation in the aspect of a small number of patients. but all cases were in
advanced stages of diseases with poor performance status. The results of this study were promising in the
aspect of improving overall survival rates and cost effectiveness. The treatment of cancer patients has many
interrelated and confounding factors that have to be sorted out so further research will be necessary.

Key words: advanced lung cancer, palliative radiotherapy. Thai herbal medicine
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Introduction

In advanced lung cancer, palliative radiotherapy
alone or in combination with the appropriated
combination of chemotherapeutic agents are the
available methods of treatment with not fully satis-
factory results.’*’ The disadvantage side effects are
not only poor quality of life but also very expensive
chemotherapeutic agents. The other modality may
be using oral epidermal growth factor recepter
(EGFR) inhibitors which have demonstrated anti-
tumor activity in advanced non small cell lung cancer
(NSCLC) without serious side effects.”” Both of these
agents are very expensive, therefore can not be ac-
cessible by the low socioeconomic group of patients.

The reports of antioxidants combined with
therapeutic modalities reveal enhancing the thera-
peutic effects of chemotherapy and/or radiotherapy:.
decrease side effects, protect normal tissues and
also increase survival ”* Most of the studies demon-
strate the evidences of synergistic effect of antioxi-
dants and radiotherapy and decrease adverse
effect of the therapy.”

Based on this rationale. the Thai herbal medi-
cine was used as another choice for supportive to
the standard palliative radiotherapy in this study.
The Thai herbal medicine (Vilac PlusG716/45) was
proven to have no acute oral toxicity in animal
study”* No traces of prednisolone and dexametasone
were detected” An In Vitro study. the Vilac Plus
(G716/45) presented an important antioxidant ca-
pacity.” The recipe of the ingredients of the Thai
herbal tonic solution consisting of three edible herbs,
the whole part of mushroom namely Ganoderma
Lucidum, Houttuynia Cordata Thunb (leaves) and
the roots of Boesenbergia Pandurata Holtt (Kra chai),
all of them have found to be an effective anti-tumor

promoting agents.*"*

We therefore conducted a follow-up study to
determine whether the survival rates of palliative
treatment in advanced NSCLC by using palliative
radiotherapy and the Thai herbal medicine as sup-

portive remedy **

Objective
To evaluate the outcome of Thai herbal medi-
cine. Vilac Plus (G716/45) on standard palliative
radiotherapy for advanced NSCLC. stage llIB-IV
compared with historic control from the literature

reports.

Patients and methods

This study was performed at radiotherapy
division, department of radiology. Faculty of Medicine.
Khon Kaen University. Khon Kaen 40002, Thailand.
Between March 2003 to June 2005, thirteen patients
of advanced NSCLC stage llIB-IV according to TNM
staging31 with poor performance status were treated
by palliative radiotherapy (tumor doses range 20-
60Gy/2-6 weeks) in adjuvant with the Thai herbal
tonic solution (Vilac Plus G716/45) daily dose 15-30
cc. orally three time after meal as a supportive
remedy'.;‘U Staging procedures were performed by
chest oncologist/expert opinions using history.
physical examination. routine laboratory evaluations.
chest X-ray, bronchoscopic examination included
cytology/ biopsy. chest computed tomography scan
and bone scan. Inclusion criteria were: (1) advanced
stage lung cancer: (2) superior vena cava obstruction;
(3) metastatic lung cancer: (4) poor performance
status: (5) minimal response of the tumor to standard
radiotherapy 30-40 Gy/3-4 weeks; (6) the informed
consent has been signed by the patients. Exclusion
criteria was the patients to be refuse on this treatment

modality.
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The results were analyzed in the aspect of
clinical benefit rate of survived patients more than
15 months, median survival time and overall 1, 2, 3,
4, and 5 year survival rates. The survival curve was
estimated by the Kaplan-Meier method. The proce-
dure of this project has been approved by the
Committee of Khon Kaen University Human Ethics
(HE 480745).

Radiotherapy Technigue®
Results
Thirteen patients (8 male. 5 female) of ad-
vanced NSCLC. stage IlIB 11 cases.stage IV 2 cases
with poor performance status (ECOG2-3) were

treated by palliative radiotherapy in adjuvant with

the Thai herbal tonic solution (Vilac Plus G716/45).
The median age was 66 years (range 444 -83 years).
The pathological reports were classified to be squa-
mous cell carcinoma (5 cases). adenocarcinoma
(2 cases), bronchioalveolar carcinoma (1 case), mixed
squamous and adenocarcinoma (1 case). There were
30.77% (4/13 cases) of clinically advanced lung
cancer by evidenced of computed tomography chest
scan /chest X-ray according to poor performance
of the patients. (Table 1).

The clinical benefit rate of the survived
patients more than 15 months was 84.62%. The
survival analysis (Kaplan-Meier survival estimate)
revealed median survival time of 28 months (range

14-74 months). It was noted that improving survival

Table 1 Patient characteristics™
Patient characteristics Cases (%)
Gender
Female 5 (38.46%)
Male8 (61.54%)
Age in years
Median (range) 66 (44.4-83)
Stage of disease
Stage Il B 11 (84.62%)
Stage IV. 1 case. T4AN3M1 (bone metastasis). 2 (15.38%)
1 case, T3N3M1 (contralateral lung metastasis)
Median survival time (range) in months 28 (14-74)
Pathology
SCC 5 (38.46%)
Adenocarcinoma 2 (15.38%)
Mixed Adeno CA. + SCC. 1 (7.69%)
Bronchoalveolar CA 1 (7.69%)
Clinically advanced lung cancer stage IlIIB 4 (30.77%)

- superior vena cava obstruction (1 case)

patients refused to perform biopsy (2 cases)

- bronchoscopy revealed brochogenic mass obstruction

but biopsy showed negative of malignancy (1 case).
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time of 59 months in 1 case of metastatic squamous
cell carcinoma with superior vena cava syndrome
was detected while a case of NSCLC stage Il B.
poor performance status (ECOG2-3). adenocarci-
noma poorly differentiated are still alive of 74
months after diagnosis.

The overall 1, 2, 3, 4, and 5 year survival rates
were 100%. 53.85%. 30.77%. 23.08% and 15.38%
respectively (Table 2 and Fig 1). There were 2/13

cases of stage IlIB NSCLC survived more than

Table 2 The overall 1. 2, 3, 4 and 5 year survival rates

(Kaplan-Meier survival estimate)

Follow up Overall survival 95% Cont.
time (year) rates (%) Int.
1 100 0.2-08
2 53.85 02-04
3 3077 01-0.6
4 23.08 0.1-05
5 1538 0.02-04

Kaplan-Meier survival estimate

5 years (1 case of stage IlIB. T3 N2-3 M0, ECOG2-3,
adenocarcinoma poorly differentiated while 1 case
of clinically stage IlIB lung cancer by expert

opinions).

Discussion

Advanced NSCLC patients with poor perfor-
mance status should generally not be recommended
chemotherapy because these patients tend to
experience increase toxicity, decrease survival with-
out clinical benefit.” The treatment with chemotherapy
reveals median survival times approximately 4.2-15
months.'?’ The most common site of relapes is in
the brain. The median survival times of superior
vena cava (SVC) syndrome is approximately 1.2
months -15 months.® Treatments of advanced
NSCLC by using 3D conformal radiotherapy reveale
median survival time of 15.8 months. 1. 2. 3. 4 and
5 year survival rates are 61%. 35%, 23%, 19% and

1.00 1

0.75

0.50

0.25

0.00 +

0
Time (years)

~

analysis time

Fig.1 The overall survival curve of advanced NSCLC treated with palliative radiotherapy and Thai herbal medicine as

supportive remedy.
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17% respectively.® The median survival times of
palliative radiotherapy for NSCLC are approximately
7-9 months.The 1.2 year survival rates are 9-28%.
6-18% respectively."”’ There are evidences of
radiation esophagitis and radiation myelitis of 17Gy
in 2 fractions and 39 Gy in 13 fractions.' There is no
significant survival difference between brachytherpy
combined with external irradiation versus external
radiation alone.’

The enhancing effect of Thai herbal medicine
(Vilac Plus G716/45) on radiotherapy to prolong the
survival of these patients was very impressive. Our
study revealed 84.62% of the clinical benefit rate of
the survived patients more than 15 months. The
median survival time was 28 months (range 14-74
months) compared with 7 months (range 10-15
months) from historic control."*' The overall 1, 2. 3,
4 and 5 year survival rates were 100%, 53.85%,
30.77%. 23.08%. and 15.38% respectively compared
with 1. 2, and 3 year survival rates of 9-40%,
41-18% and 3.3% respectively from historic con-
trol."*' It was noted that improving survival time of
59 months in 1 case of metastatic squamous cell
carcinoma with superior vena cava syndrome was
detected while a case of stage Ill B. adenocarci-
noma poorly differentiated. ECOG2-3 are still alive
of 74 months after diagnosis. The clinical outcomes
were shown higher survival rates than historic con-
trol suggested to be synergistic results of Thai herbal
medicine (Vilac Plus G716/45) on radiotherapy.

The enhancing effect of Vilac Plus” on radio-
therapy to prolong the survival of these patients
can be explained under the principle of antioxi-
dants by anti-tumor effect and normal tissue
protection. The Vilac Plus” tonic revealed antioxidant
potency” which being concurrently bioavailable
in the subcellular level. The hypothesis of radical-

scavenging activity of the tonic against excess free
radicals of the radiotherapy may be explained by
specific protection on DNA damage of normal cells.
This is the key and crucial evidence for scientific
explanation upon the mechanism and pharmaco-
logical action of our clinical studies. therefore
further research deep in detail will be needed.

The ingredients of the Vilac Plus” tonic con-
sisting of anti-tumor mushroom, LingZhi (Ganoderma
lucidum). Houttuynia cordata. Thunb and Boesen-
bergia pandurata Holtt (Krachai) were demonstrated.
The tonic preparation accomplished by fermentation
by using Lactobacillus casei spp. (Genebank Reg.
No. AF 320255) and Lactobacillus plantarum spp.
(Genebank Reg. No. AF 320256). The promising
supportive adjuvants actions contributed from each
composition of the 4 ingredients in Vilac Plus”
including the microorganism used in the fermentation
proceedings that should be recognized as the
“probiotics” which is one key component in the
biotechnology procedure of production. The herbal
ingredients are world recognition mushroom, Ling
Zhi (Ganoderma lucidum) or Reishi. where it has
been mentioned as sacred mushroom which has
been found the 119 different terpinoids, about 80 of
which biologically active™* The role to be the
supportive action in cancer treatment is immuno-
modulation anticancer by protection DNA damage
of normal cell through its powerful antioxidant
mechanism and inhibition of tumor necrosis factor
(TNF). There are a number of reports that have
mentioned the benefit on various cancers.**

The other herbs are the edible plants, Hout-

tuynia cordata Thunb® ™

and the root of Boesen-
bergia Pandurata Holtt (Krachai).”® The role to
contribute as supportive remedy of phytosterols in

addition to their characteristic is one of the essen-
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tial antiproliferative of cancer cells such as flavonoids
and volatile oil which the strongest one that present
this action is linolool.* The co-operative actions of
these herbs are reported to be the “interferon-
inducing herb™ that may contribute some important
role to play on antitumor-antiviral activity through
the “interferon” molecule.”” *

The probiotics/ antioxidants action on role of
cancer therapy could be summarized as follows.

1. The antioxidants combined with therapeu-
tic modalities reveal enhancing the therapeutic
effects of chemotherapy and/or radiotherapy.
decrease side effects, protect normal tissues and
also increase survival.” *

2. The antioxidants mechanism by inhibiting
the activation of mitogen activated protein kinase
pathway, cell proliferation and phosphorylation of
p53 have been reported ™

3. Antitumor and antimetastatic effects by
induction or stimulation the synthesis of several
cytokines have been known to be the immunomodu-
lating factor. The small molecular weight cytokines
such as IFN-gamma, IL-1 beta and TNF alpha
being one of the enhancement transfer factor to
work effectively has been reported.”

4. Immunomodulation enhancement through
probiotics that resulting in the delayed or inhibit the
process of distance metastases in various cell type
of cancers and delayed process of cancer recur-
rences have been reported.”"*

5. The clinical reports of probiotics in adjuvant
with radiotherapy demonstrate an enhancing tumor
regression, prolonged survival and relapse-free
survival compared with radiotherapy alone.”

The clinical trails of Vilac Plus® in the study as
an supportive adjuvant to radiation therapy on lung

cancers shown this potentiative and synergistic

effect due to powerful antioxidant and probiotics
properties with improving survival times and
survival rates were noted. The cost effectiveness is
another considerable issue compared with chemo-
therapeutic agents and oral epidermal growth
factor recepter (EGFR) inhibitors of lung cancer treat-
ments.

Potential advantages of integrating comple-
mentary therapies into cancer care, future areas of
research will be included improving access for
patients. improving symptom control for patients.
improving patient well-being, enhancing patient

satisfaction, and cost effectiveness.”

Conclusion

This pilot study was limitation in the aspect
of a small number of patients, but all cases were in
advanced stages of NSCLC with poor performance
status.The results of this study was promising in
the aspect of improving survival rates and cost
effectiveness. The treatment of cancer patients has
many interrelated and confounding factors that have
to be sorted out so further research will be necessary.
This modality is being investigated as part of the
cost effectiveness complementary therapies in
advanced NSCLC care for developing countries.

The value could be expressed as follows:

1. Improving the 1. 2, and 3 year survival rates
of 100%, 53.85%. and 30.77% respectively compared
with 1, 2, and 3 year survival rates of 9-40%.
41-18% and 3.3% respectively from historic con-
trol." ™

2. Improving the median survival time of
28 months (range 14-74 months) compared with
7 months (range 10-15 months) from historic
control.””’

3. Improving the clinical benefit rate of 84.62%
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for survived patients more than 15 months was

detected.
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Abstract

Background/Aims;

1. To detect hepatobiliary abnormalities in hemoglobin Ebeta-thalassemia pediatric and adolescent patients by
ultrasonography

2. To identify correlation between ultrasonographic findings, serum ferritin and liver function test

Material and method: Abdominal ultrasonography serum ferritin and liver function test were performed in 64
DNA analysis proven hemoglobin Ebeta-thalassemia pediatric and adolescent patients, age ranging between
5-18 years (mean 14.1 years). Ultrasonographic parameters include: gallbladder length, width, cross section,
gallstone, height of left lobe of the liver, diameter of the aorta. liver parenchymal echoes, cranio-caudal length of
spleen, and splenic echoes. Liver function test includes; cholesterol, total protein. albumin, globulin. total
bilirubin, direct bilirubin, alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phos-
phatase (AP).

Result: Statistical analysis, using factor analysis and discriminant analysis, showed negative correlation between
serum ferritin and age of the patients. Gallbladder sludge and stone correlated with splenic length and cross
section of the gallbladder. Splenic parenchyma abnormality correlated with height of left lobe of the liver/aorta
diameter, total protein albumin and AP and length of spleen/aorta,

Conclusion: Gallbladder hypomotility may contribute to stone formation. Total protein albumin and AP showed
correlation with hepatobiliary abnormalities detected by ultrasonography. Negative correlation of serum ferritin

and patient's age may be due to increased iron absorption from gastrointestinal tract in younger age.

Keywords: hemoglobin Ebeta-thalassemia, hepatobiliary abnormalities, liver function test. ultrasonography,

gallstone
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Introduction

Thalassemia is a class of genetic disease of
abnormal globin chain synthesis and remain a
significant health problem in several regions of the
world. The incidence is highest in Southeast Asia,
the Middle east and Africa. Clinical manifestations
result from the decrease or absent production of
normal globin chain of hemoglobin. Thalassemia is
classified according to deficient globin chain. Main
subtypes are alpha and beta thalassemia. Hemo-
globin Ebeta-thalassemia is an important cause of
childhood chronic disease in Southeast Asia. The
patients are generally classified as having thalasse-
mia intermedia because they have inherited a beta-
thalassemia allele and hemoglobin E. which acts as
a mild beta-thalassemia. However, a remarkable
variability in the clinical expression. ranging from a
mild form of thalassemia intermedia to transfusion-
dependent conditions, is observed.” Iron overload
occurs without exception in hemoglobin Ebeta-
tha-lassemia.”’ Excessive iron accumulates because
of blood transfusion and enhanced gastrointestinal
absorption. Liver fibrosis from iron overload is com-
mon whereas ascites and other signs of cirrhosis are
rare.””

Gallstone is also known to have high incidence
in hemolytic disease® Liver biopsy is an invasive
and high risk procedure for children. Ultrasonography
has made the study of liver and biliary tract easier
and is wildly available in all hospitals. Ultrasonogra-
phy may be used to identify hepatobiliary abnor-
malities that might reduce liver biopsy and reduce
cost of unnecessary liver function test in routine

follow up of the patients.

Method

Patients

This study is a part of prospective study of
iliness in hemoglobin Ebeta-thalassemia patients.
Sixty-four hemoglobin Ebeta-thalassemic pediatric
and adolescent patients diagnosed by DNA analy-
sis, age ranging between 5-18 years (mean 14.1
years), were enrolled in the study. They had received
regular leukocyte-poor packed red cell transfusion
10 ml/Kg every time at 3-4 weeks interval. Their
pre-transfusion hemoglobin was < 9 g/dL. This
allows thalassemia patients to have normal growth
and suppress over-erythropoiesis.” Desferrioxamine
(Desferal®) was given by their parents at home (20-
40 mg/Kg/d using subcutaneous infusion in 8-10 hr,
2-7 times/wk, depending on the level of serum
ferritin). Informed sign consent was obtained from
the parents of each subject before ultrasonography.
The study was approved by the Ethics Committee
of Khon Kaen University (HE451032). The study was
performed during March 2003 to June 2004.

Ultrasonography

Abdominal ultrasonography was performed
after at least 4 hours fasting. We used a full size
high resolution machine, Acuson model Aspen. with
a 4 MHz convex array probe. The maximum height
of left lobe of the liver above the abdominal aorta
was determined. The diameter of aorta below left
lobe of the liver was recorded in order to use as an
internal reference for other parameters. The maxi-
mum gall bladder length width and cross section
were measured after locating the largest images in

all planes of view. Cranio-caudal length of spleen,
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parenchymal echoes of liver and spleen were also
recorded. During the investigation. the radiologist
was unaware of the serum ferritin or liver function
test results of the subjects. The sonographic criteria
to use in diagnosis of hepatobiliary status are listed
in table 1.

Biochemical study

Serum ferriitin and liver function test were
performed in each subject the same day as ultra-
sonography. The liver function test includes choles-
terol. total protein, albumin. globulin. total bilirubin,
direct bilirubin. ALT, AST, AP. The mean values are
listed in table 2.

Statistical Analysis
Factor analysis and discriminant analysis were
performed. The number of factors was determined

on the basis of eigen values (ie, >1.0)

Result
Patient characteristics
There were 3 cases of gallbladder sludge
(469%). 5 cases of gallstones (7.82%) and 24
previous splenectomy patients (37.50%).
Factor analysis showed negative correlation

Table 1 Diagnostic criteria for ultrasonography

Table 2 Mean values of hemoglobin, serum ferritin and
liver function test

Mean value normal value
Hemoglobin 7.31 12 g/dL
Ferritin 206364 12-122 ng/ml
Cholesterol 98.11 127-262 mg/dL
Total protein 7.62 6.5-8.8 g/dL
Albumin 414 38-54 g/dL
Globulin 3.56 26-34 g/dL
Total bilirubin 1.67 0.25-1.50 mg/dL
Direct bilirubin 0.34 0-0.5 mg/dL
ALT 4796 4-36 U/L
AST 53 12-32 UL
AP 142.93 42-121 U/L
Volume of 90.69 ml/Kg/yr

transfusion

between serum ferritin and age of the patients. Dis-
criminant analysis showed standardized Canonical-
function Coefficients as:

Gallbladder abnormality = .712 cross section
of gall bladder + 675 splenic length

Splenic parenchyma abnormality = -449 left
lobe of the liver/aorta - 1.023 total protein + 1.157
albumin -0.94 AP +1.129 splenic length/ aorta
(p<0.01)

Gall bladder abnormality

Liver parenchyma

normal (0) minimal sludge® (1) obvious sludge (2) gall stone (3)

normal (0) slightly increased as compared to kidney (1) markedly

increased as compared to kidney (2)

Splenic parenchyma
abnormality

normal (0) slightly increased as compared to kidney (1) markedly
increased as compared to kidney (2) previous splenectomy (3)

Scores were given for statistical analysis

* Sludge is defined as low intensity gravity dependent echoes within the gallbladder with a fluid-fluid level
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Fig.1 Ultrasonography (US) of a typical case of thalassemia. A) US shows diffusely and homogeneously increased

liver parenchyma. B) US shows a gallstone.

Where: Cumulative percentage = 69.3

Canonical Correlation = 498
Wilks lambda =.719
Discussion

In children and young adult with thalassemia
major, liver disease remains a common cause of
morbidity and mortality. The major factor in the
generation of liver damage is iron overload. The
iron loading in thalassemia depends on both volume
of blood transfused and the amount accumulated
from gastrointestinal absorption.” In beta-thalassemia
intermedia. some patients do not require frequent
transfusion but progressive iron overload occurs due
to increased intestinal absorption.'” Our patients who
had serum ferritin more than 1,000 ng/ml had
received iron chelator still had high serum ferritin
level.

In this study we present complication of

hemoglobin Ebeta-thalassemia in Northeast Thailand.

We identified the correlation between ultrasono-
graphic findings. serum ferritin, and liver function
test. It is well recognized that level of serum ferritin
is poorly correlated with hepatic iron content.”
Ferritin is an iron storage protein complex found
principally in the intestinal mucosa, spleen and liver
that functions as the primary form of the iron
storage in the body. In assessment of iron overload
it can be misleading. There are many inflammatory
conditions that can elevate the serum ferritin
including viral hepatitis. fatty liver and arthritis.”* This
study showed that serum ferritin did not correlate
with liver or splenic parenchyma abnormality
detected by ultrasonography. Serum ferritin showed
negative correlation with patient’'s age. This could
be explained that in younger age the iron absorption
is faster than adult. Animal model showed increased
iron absorption in younger animal com-pared to the
older group.”

Gallbladder abnormality, sludge and stones
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correlated with cross section of the gallbladder and
splenic length. There are 3 factors that may involve
in gallstone formation: cholesterol supersaturation,
accelerated nucleation, and gallbladder hypo-

'®7%  Our patients did not have significant

motility.
high cholesterol or bilirubin level. Statistical analysis
did not show correlation between gallbladder
abnormality and serum cholesterol or bilirubin either.
Hypomotility or stasis of the gall bladder may play
an important role in Ebeta-thalassemia patients. As
indicated by correlation with cross section of the
galibladder. bile flow in static gallbladder stagnates
and renders biliary sludge formation. Bililary sludge
can be an antecedent to gallstones. The abnormal
erythrocytes of thalassemia in the circulation are
taken up by liver and spleen with ensuing enor-
mous hepatosplenomegaly. Hepatosplenomegaly
may cause stasis of the blood circulation (conges-
tion) of the gallbladder resulting in hypomotility. Our
study also showed correlation of splenic length with
gallbladder abnormality. Splenic parenchyma abnor-
mality correlates with liver size. total protein. albumin
and AP. As mentioned previously. both liver and
spleen take up abnormal erythrocystes, thus splenic
parenchyma abnormality relates with liver size. protein
albumin and AP are the component of liver function
test that could be used as indicators for severity of
the disease. With progressive parenchymal liver
disease, albumin synthetic capacity decreases.
Although. serum albumin concentration reflects a
variety of extrahepatic factors. including nutritional
and volume status. vascular integrity. catabolism,
hormonal factors and loss in the urine and stool.”
The patients in this study did not have other diseases.
The correlation of total protein and albumin with
splenic parenchyma abnormality should be due to

corresponding chronic liver impairment.

AP comprises a group of enzymes present in
a variety of tissues. including liver. bone, intestine,
kidney, placenta, leukocytes and various neoplasms.
AP production tends to increase in tissue undergoing
metabolic stimulation. Bone and liver are the major
sources of serum AP. Thalassemia affects both bone
and liver of the patients. Increased AP in thalas-
semia patients should reflect both bone and liver

impairment.

Conclusion

Serum ferritin did not correlate with liver or
splenic parenchyma abnormality. It showed nega-
tive correlation with age of the patient, which could
be due to increased iron absorption in younger age.

Gallbladder hypomotility might contribute to
the formation of sludge and gallstone in Ebeta-thalas-
semia patients. Gall bladder sludge. gall stone, size
of liver, size of spleen total protein albumin and AP
can be used as indicators for severity of the
disease. Blood chemistry components other than
total protein albumin and AP of the liver function
test may be skipped from the routine follow up of

the patients.
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Introduction

Intracranial dural arteriovenous fistulae (DAVF)
is a disease with a variety of presenting symptoms,
depending on the shunt location and venous drain-
age route, and multiple treatment strategies such
as transcatheter embolization, surgical clipping.
radiation therapy."’ The disease is considered an
acquired disease initiated by thrombosis of the
intracranial venous system mostly the dural sinuses
and later on developed arteriovenous fistulae at the
level of the dural mater. Spontaneous regression of
the DAVF has been widely reported, which is likely
caused by thrombosis of the sinus or fistula.’
Spontaneous thrombosis of the venous outlet route
can occur before closure of the fistula and causes
worsening of the patient’s symptom, such instance
frequently occurred with the cavernous DAVF with
spontaneous thrombosis of the superior ophthalmic
veins (SOV). Up to date. spontaneous thrombosis
of the cerebral veins in cases of cranial malignant
DAVF has rarely been reported as well as the role

of anticoagulant as an additional treatment.

Purpose
To report two cases of malignant intracranial

DAVF whose symptoms worsen by spontaneous
thrombosis of the CVR.

Method
We reported two cases of malignant cranial
DAVF with spontaneous thrombaosis of the cerebral
vein presented at our institute during April 2009 to
June 2009 (1 male 22-year-old; 1 female 62-year-
old), in terms of presenting symptoms. imaging

features. therapeutic methods, and clinical outcomes.

lllustrative cases

Patient 1: A 22-year-old man presented with
headache and repeated seizure for 2 months. He
suddenly developed deteriorated conscious level and
was sent to our hospital. The initial blood workup
which included CBC, electrolytes. renal function and
coagulogram were normal. The brain CT scan
showed multiple dilated and tortuous hyperdense

supratentorial veins which suggestive evidence of



78 THE ASEAN JOURNAL or RADIOLOGY
Jan.-Apr. 2010, Volume XVI No.l

DAVF with CVR. The patient’'s symptoms were
suspected due to intolerance of the brain to chronic
venous congestion from the CVR. Cerebral angio-
gram showed DAVF at the middle 1/3 of the
superior sagittal sinus (SSS) with arterial supply
from bilateral middle meningeal arteries, transosseous
branches of both superficial temporal arteries. and
pial supply from the cortical branches of both ACAs.
There were CVR into both cerebral hemispheres
superficial cortical veins and occlusion of the
anterior 1/3 of the SSS and right transverse sinus.

Transarterial embolization with n-butyl-2-cyanoacry-

late (NBCA) was done with significant reduction of
the shunt flow and CVR. Three days post emboliza-
tion, there was no significant improvement of the
patient’s conscious level. The patient’s history. brain
CT scan. angiograms, and the follow up brain MRI
(figure 1 and 2) were then reviewed and found that
massive thrombosis of the deep venous system was
missed diagnosed initially and worsening of the
patient’s neurologic symptoms were likely to be
aggravated by thrombosis of the deep cerebral veins.
Low molecular weight heparin was given with

improvement of the patient’s neurological status.

Fig.1 Non contrast brain CT scan axial (a) mid-sagittal (b), right parasagittal views (c) showed multiple hyperdense
vessels at the midline and left parasagittal region with hyperdensities within the Galenic vein and straight sinus.

Tonsilar brain herniation was evident in the mid sagittal veiw. Patchy hypodensities were seen at the right

cerebrum white matter as well as curvilinear subcortical calcifications. a finding of chronic venous congestion

Right ICA angiogram late arterial phase (c) and left external carotid angiogram (d) AP view showed DAVF at the

middle 1/3 of the SSS (arrow heads) with occlusion of the right transverse sinus (read arrow) and bilateral CVR

(yellow arrows). Left ICA angiogram lateral view capillary phase (f) showed the appearance and drainage route

of the left-sided CVR.
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Fig.2 Post embolization MRI noncontrast axial TIWI (a). sagittal TIWI (b). and coronal GRE T2* showed massive

thrombosis of the cerebral veins and deep venous system evident by T1 hyperintense signal within the vessel

lumens and hypointense signal blooming on GRE T2*. Axial FLAIR (d) showed extensive T2 hyperintense signal

at both cerebral hemispheres white matter. Retrospective reviewed of the late venous phase right ICA (e) and

vertebral (f) lateral view angiograms showed cerebral venous congestion and no visualization of the deep

venous system. confirming evidence of venous thrombosis preembolization

Patient 2: A 62-year-old female presented with
acute onset of nausea and vomiting and deterio-
rated conscious level later on. The brain CT scan
showed an acute intracerebral hematoma (ICH) at
the perinsular region of the right frontal lobe.
enlarged bilateral cavernous sinuses and superior
ophthalmic veins (SOV), and dilatation of the
cortical veins at the right frontal and temporal lobes.
Cavernous DAVF with CVR was suspected and the
bleeding was thought due to hemorrhagic venous
infarction from the CVR. Urgent cerebral angiogram
showed DAVF at both cavernous sinuses with venous

reflux into both superior ophthalmic veins (SQV)

and CVR into the right superficial middle cerebral
vein. Transvenous coil embolization was done with
complete obliteration of the CVR and nearly
complete obliteration of bilateral cavernous DAVF
flow. Three days post embolization, the patient
neurologic symptom worsen by developed grade IV
left-sided weakness. Follow up brain CT and MRI
showed worsening of the hemorrhagic venous
infarction and thrombosis of two right intrasylvian
veins. Retrospective reviewed of the initial brain CT
scan showed that thromboses of the right intrasylvian
veins were already evident and miss diagnosed. Low

molecular weight heparin (LMWH) was given with
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Fig.3 Noncontrast brain CT (a) showed an acute ICH at the right frontal lobe periinsular region and an old lacune at

the left lentiforn nucleus. Contrast enhanced CT showed (b.c) showed enlargement of both cavernous sinuses,

SOVs, and too much enhanced vessels at the right frontal and temporal lobes) (red arrows). Right external

carotid (d) and left external carotid (e) angiograms AP view showed DAVF at both cavernous sinuses with

venous reflux into the SOVs (green arrows). right middle cerebral vein (yellow arrow). and also the intercavernus

sinus. Skull film AP veiw (f) showed the position of the transvenous embolized coils.

improvement of patient's neurodeficit and venous

infarction on follow MRI.

Discussion

The association of venous thrombosis and
cranial DAVF has been well known, mostly by the
postulation that venous thrombosis occurs initially
and then develop DAVF later on which could be
seen by sequential follow up imaging. Recent
studies have shown the evidence of thrombophilic
abnormalities in patients with DAVF such as a higher
level of D-dimer (a biological marker of endogenous
fibrinolysis) and mutation of the prothrombin gene
(G20210A).*

Cranial DAVFs with cortical venous reflux (CVR)
are considered aggressive lesions. Aggressive symp-
toms include neurologic dysfunction related to
intracranial hemorrhage or venous hypertension such
as progressive dementia, seizures, and cerebellar
symptoms. Thrombosis or partial thrombosis of the
dural sinus with DAVF can often be demonstrated
either by noninvasive vascular imaging or conven-
tional angiography. However, symptomatic throm-
bosis of the cerebral vein in case of malignant
cranial DAVF has rarely been reported. Demonstrable
of intraluminal thrombus within the cerebral veins
and continuous worsening of our two patient's

neurologic symptoms despite disconnection of the
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Fig.4 Noncontrast brain CT (a). MRI FLAIR sequence (b) showed expansion of the perihematoma brain swelling and
a new small acute hemorrhage at the right external capsule (red arrows). MRI T1WI (c) showed two hyperintense
thrombosed intrasylvian veins which was neglect on the initial brain CT (yellow arrows) (d. €). One month follow
up MRI FLAIR sequence (f) after treatment with LMWH showed marked regression of the T2 hyperintense brain

swelling and stable in size of the previous hematoma.

CVR by transcatheter embolization are the two main
reasons for our postulation that thrombosis of the
cerebral vein is actually the responsible cause for
worsening of the patient’s neurologic symptom and
not by brain congestion from the CVR.
Anticoagulant was given as treating cerebral
venoocclusive disease in both cases with continu-
ous improvement of their symptoms on follow up.
The role of anticoagulant in cranial DAVF has not
been established. By our best searching of the
medical data base. there are only a few reports of
the usefulness of anticoagulant in cranial DAVF.®’

Therefore, thoroughly evaluation of the CT or MR

images for evidence venous thrombosis in case of
malignant cranial DAVF should always be performed
because embolization alone may not improve the

patient’'s symptom.

Conclusion
Associated cerebral venous thrombosis should
be carefully searched in patient with malignant DAVF
in pre-embolization stage. as even successful
embolization alone may not improve clinical symp-
toms, and anticoagulant may play a major role as

the parallel treatment to embolization.
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