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Original Article

The Effect of Zinc Amino Acid Chelate on Decrease of
Taste Dysfunction in Head and Neck Cancer Patients
After Complete Radiotherapy within 6 Months, A Prospective
Randomized Controlled Trial

Kanograt Tangsriwong, Montien Pesee, Srichai Krusun,
Vorachai Tangvoraphonkchai, Chunsri Supaadirek, Komsan Thamronganantasakul,
Narudom Supakalin, Prawat Padoongcharoen

Division of Radiotherapy, Radiology department, Faculty of Medicine, Khon Kaen University, Thailand, 40002

Abstract

Objectives: To prospectively investigate whether Zinc amino acid chelate on decrease of taste dysfunction
after complete radiotherapy within 6 months for improving taste ability in head and neck cancer patients

treated with radiotherapy alone or concurrent chemoradiotherapy during radiotherapy.

Material and Methods: Between September 2010 and Febrauary 2012. Sixty-three patients were randomized
to receive either Zinc or no Zinc administration, 31 patients received Zinc amino acid chelate and 32
patients without amino acid chelate administration. There were 42 evaluable patients which 2 cases were

withdrawn and 19 cases loss to follow up.

Results: The study demonstrated no statistically significant on taste function after radiation completed
within 1-6 months, with the sweet tastes (p=0.43), salty tastes (p=0.68) and sour tastes (p=0.51) between

the patients received with Zinc amino acid chelate and without Zinc amino acid chelate administration.

Conclusion: All of the taste evaluations revealed no statistical significance between the patients received
with Zinc amino acid chelate and without Zinc administration (p >0.05). The relatively small number of

subjects in this study may contribute to the lack of statistical differences between groups.

Keywords: Zinc amino acid chelate, radiotherapy, taste dysfunction
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Introduction

Adverse reactions of radiotherapy depend on
area being irradiated, amount of total dose & frac-
tionation, patient’'s age and underlying diseases.
Acute reactions during treatment can be divided
into early (mucosa, taste, salivary glands), interme-
diate (taste, salivary glands), and late (salivary glands,
dentition, periodontium, bone, muscles, joints)
effects. Complications occur in early phase could
be cured whereas late complications are normally
irreversible and leading to permanent incapability
and poor quality of life”

Dysgeusia is one of complications that affects
patients from the second or third week of radio-
therapy and may last for several weeks or even
months. Conger AD found that taste sensation
decreased exponentially with a cumulative dose of
30 Gy. approximately, during the third week’. Then
taste sensation becomes temporarily absent and
no more loss occurred if no irradiation added. Apart
from their radiosensitive properties, taste buds also
decrease with the degeneration of their normal
histological architecture from day 6-7 of irradiation.
Major cause of taste perception loss is the direct
effect of irradiation on taste buds and their cultured
nerves. Alteration of salivary flow viscosity and saliva
biochemical creates a physical barrier of saliva
between tongue and foodstuff. Taste perception,
therefore becomes worse which affects chewing and
appetite as well. Destroyed taste buds also have
effect on patients’ unpalatable taste which will need
approximately 6 months for treatment. Inokuchi found
that salivary viscosity dysfunction was not likely the
major factor affecting taste disturbance. The recovery
period of taste buds generally takes place around
2-4 months or till 1 year after radiation completed.

The degree of taste recovery and the recovery time

depend on the radiation dose received”.
Prevention of taste loss can be accomplished
through direct shielding of healthy tissue or place-
ment of these tissues outside the radiation field by
shielding or repositioning prostheses. Treatment of
taste dysfunction by cytoprotective drugs during
irradiation could not be concluded®’. Another means
to treat patients with taste abnormalities is the use
of Zinc element which is a cofactor in alkaline phos-
phatase enzyme, mostly found in taste bud cells
membrane. The enzyme will control the quantity
of stimuli which passing through pores for the
perception. Zinc, therefore, brings taste perception
and taste bud anatomy back to normal situation®.
However, there are still no research or study
of the effect of zinc amino acid chelate on taste
dysfunction after radiotherapy in Thailand. This ran-
domized controlled trial was therefore conducted to
determine whether the effect of Zinc amino acid
chelate on decrease of taste dysfunction in head
and neck cancer patients treatment with radiotherapy
alone or concurrent chemoradiotherapy after radio-

therapy within 6 months.

Materials and Methods

This prospective randomized controlled ftrial
was performed at Division of Radiotherapy, Depart-
ment of Radiology. Faculty of Medicine, Khon Kaen
University, Thailand. between September 2010 and
February 2012. Sixty-three patients were random-
ized to receive either Zinc or no Zinc administra-
tion, 31 patients received Zinc amino acid chelate
and 32 patients without amino acid chelate admin-
istration. There were 42 evaluable patients which 2
cases were withdrawn and 19 cases loss to follow
up.

Inciusion oranz were (1) head and neck cancer
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patients treated with radiotherapy covering the
mouth. (2) age 20 to 70 years. Exclusion criteria
were (1) had undergone surgery of the tongue.
(2) receiving drug cytoprotective agent, captopril,
penicillamine and metronidazole. (3) treated with
head and neck irradiation and dosage below 50 Gy.
(4) who had undergone surgery on organs of the
smell associated with taste. (5) pregnant or during
lactation. (6) history of oral contraceptives therapy.
(7) who are dementia. This project has been approved
by the Human Ethics Committee of Khon Kaen
University (HE 531446).

The statistical analysis was performed by
using the STATA software version 10.0 and SPSS
software version 13. A p- value of less than 0.05
was considered statistically significant. Sex, smoke,
alcohol drinking, favorite taste, diagnosis, radiotherapy
technique and concentration of substances were
described by Chi-Square. The results of taste test
were calculated by Repeated-measures ANOVA
method.

The patients were randomized by using simple
random sampling to receive either Zinc amino acid
chelate or non- Zinc amino acid chelate administra-
tion. The patients received doctor’s explanation and
also signed consent for research participation. (a)
Both groups of the patients were evaluated the
baseline taste function before radiotherapy, at 50
Gy of radiation and after complete radiotherapy within
1-6 months by using taste substances and concen-
tration followed by Yamashita H, et al’. (b) Patients
in experimental group were received Zinc amino
acid chealate 15 mg once daily with irradiation or
radiochemotherapy from the first day of start
rradiation until completion of radiotherapy. The
natients in control group were treated with irradia-

tion or radiochemotherapy without Zinc administra-

tion. (c) This study used sucrose to test sweet.
These substances used in liquid form and tested by
a drop on the papilla from lowest to highest con-
centration and recorded minimum concentration that »
patients can distinguish the taste. (d) The sodium
chloride was used to test salty, same as sweet test
but will drop down almost to the front side of the
tongue, either side. (e) The tartaric acid was used
for sour test as sweet test but will drop down the
side almost to the back of the tongue, another side
of tongue for salty taste evaluation.(f) Participants
will gargle before the taste evaluation next time.
The measure used score 0-4 compared to Subjec-
tive Total Taste Acuity (STTA) scale’. (g) Test all the
irradiated patients after radiation completed in the
duration of 1-6 months in both groups. The score
were recorded form of visual analog scale. (h) In
order to measure of each flavor, the patients rated

score by themselves and viewed the past score.

Results

Patient characteristics are summarized in Table
1, the diagnosis of disease in Table 2, the radiation
techniques in Table 3, and taste evaluations in Table
4.

The analysis of taste function after radiation
completed within 1-6 months revealed no statistical
significance, with the sweet tastes (p=0.43), salty
tastes (p=0.68) and sour tastes (p=0.51) between
the patients received with Zinc amino acid chelate
and without Zinc amino acid chelate administration.

The multivariate analysis of concurrent chemo-
radiation or radiation alone and with or without Zinc
amino acid chelate administration found that no
statistical significance between the patients received
with Zinc and without Zinc administration in all of

the tastes; sweet taste (p=0.25), salty taste (p=0.56)
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Table 1 Patients Characteristics

Characteristic Zinc (N=23) No zinc (N=19) Total (N=42) % p-value
Sex Male 14 13 27 64.29 0.61
Female 9 6 15 35.71
Age <60 years old 14 23 37 88.10 0.09
>60 years old 5 2 7 16.67
7§rr;okeni - Yes o o 77”” o 76 13 30.95 0.94
No 16 13 29 69.05
7 birirnk o g(;s o 5 - 7 7 N 7 12 25.;37 0.287
No 18 12 30 7143
Table 2 The diagnosis of patients
Diagnosis Zinc (N=23) No zinc (N=19) Total (N=42) % p-value
Oropharyngeal caronoma 1 1 2 47 0.54
Base of tongue caronoma 1 2 3 714
Paroad giand carcinoma 1 2 3 714
Nasopharygeal carcinoma 9 6 15 35.7
Oral tongue carcinoma 3 3 6 14.29
Maxillar and nasal cavity carcinoma 1 0 1 2.38
Oral cavity carcinoma 4 2 6 14.29
Hypopharyngeal carcinoma 2 1 3 714
Diffuse large B cell lymphoma 0 1 1 2.38
Table 3 Modalities of therapy and radiation techniques
Zinc (N=23) No zinc (N=19) Total (N=42) % p-value
Volume of tongue  Partial tongue irradiation 9 10 19 4524 0.38
Whole tongue irradiation 14 9 23 54.76
Technique 2D conventional irradiation 22 19 41 97.6 0.27
3D conformal irradiation 1 0 1 24
CCRT Yes 15 13 28 66.67 0.83
No 8 6 14 33.33

Table 4 Taste evaluations at 50 Gy (A) and after complete radiation (B)

e Thresholds Minimum Maximum Mean
Tastes . (score) (score) (score)
Sweet A 0 4 1.64
B 0 4 . 2.62
Salt A 0 4 1.57
B 0 4 243
VSour A< 7 0 N 4 71.90
B 0 4 295




The Effect of Zinc Amino Acid Chelate on Decrease of Taste Dysfunction in Head and Neck Cancer Patients 83

After Complete Radiotherapy within 6 Months, A Prospective Randomized Controlled Trial

0.84

1.05

p— . zinc

no zZinc

Fig.1 The mean difference of taste evaluation with or without Zinc amino acid chelate administration from the time of

50 Gy to 1-6 months after complete radiation

and sour taste (p=1.00). The analysis of partial and
whole tongue irradiation with or without Zinc amino
acid chelate administration found that no statistical
significance in both groups; sweet taste (p=0.39),

salty taste (p=0.56) and sour taste (p=1.00).

Discussion

Halyard et al.” evaluated taste alterations in
169 head and neck cancer patients who undergo
radiotherapy with Zinc sulfate administration versus
placebo. Taste acuity were assessed weekly during
RT and at 1, 2, 3, 6 months after RT completion.
The study revealed that Zinc sulfate did not
decrease the incidence of taste alterations and taste
recovery.

Ripamonti et al.’ reported the administration
of oral Zinc sulfate during radiotherapy and 1 month

after complete radiotherapy in 18 head and neck

cancer patients. The study revealed that the patient
receiving Zinc sulfate had more rapid recovery of
taste acuity than placebo arm at 1 month after
complete radiotherapy with statistically significant
for salty, sweet and sour tastes recognition.

Yamashita et al.’ measured taste ability in 118
patients before radiotherapy, during radiotherapy and
monthly from 4 to 14-24 months after radiotherapy
between whole tongue versus partial tongue irra-
diation. There was a significant impairment of the
threshold of all four basic tastes (sweet, sour. bitter
and salt) at 3 weeks after RT and remained at
8 weeks in whole tongue irradiation patients.

In this study, it was found that Zinc amino
acid chelate did not appear to decrease the inci-
dence of taste alterations after complete radiation
for head and neck cancer within 1-6 months with

the sweet tastes (p=0.43), salty tastes (p=0.68) and
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sour tastes (p=0.51). The relatively small number of
subjects in this study may contribute to the lack of

statistical differences between groups.

Conclusion
All of the taste evaluations revealed no statis-
tical significance between the patients received with
Zinc amino acid chelate and without Zinc adminis-
tration (p >0.05). The relatively small number of
subjects in this study may contribute to the lack of

statistical differences between groups.
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Determination of Parameter in The Equivalent Square
Field Formulas for Estimating Head Scatter Factor of
Rectangular Field

Lukkana Apipunyasopon', Somyot Srisatit’,
Nakorn Phaisangittisakul®*

" Department of Nuclear Engineering, Faculty of Engineering. Chulalongkorn University, Bangkok 10330, Thailand
? Department of Physics, Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand
° ThEP Center, CHE, 328 Si-Ayuttaya Road, Bangkok 10400, Thailand

Abstract

An equivalent square field for estimating head scatter factor for a given rectangular field was calculable
using the empirical formula introduced by Vadash and Bjarngard (Med. Phys. 20, 773-774 (1993)) and.
also, the derived formula proposed by Kim et al (Med. Phys. 24, 1770-1774 (1997)). Both formulas account
for the effect of field elongation and collimator exchange. In each formula, there exists only one parameter
which is optimally chosen for the empirical formula and is calculated using the location of collimators for
the derived formula. In this study, the head scatter factors were generated by the Eclipse AAA treatment
planning system for various square and rectangular fields for 6 MV photon beam of a Varian Clinac 23EX
at the depths of 0.5, 5 and 10 cm. The head scatter factors for equivalent square field obtained from both
relationships were investigated. In the empirical formalism, the maximum deviation from the square field
data was about 0.008 or less than 1%. The geometrical parameter was found to be consistent with
the empirical parameter at the 0.5-cm depth while an obvious dissimilarity was observed at the 5-cm and
10-cm depth. Despite the difference on the parameters, however, the discrepancy between the estimated
and the expected head scatter factor is considered clinically negligible in both equivalent square field

formalisms.

Keywords: head scatter factor / equivalent square field / empirical formalism
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Introduction
For megavoltage photon beam used in radia-
tion oncology. a change of scattered radiation with
a collimator setting that reaches the point of mea-
surement on the central axis is described by the
head scatter factor (or collimator scatter factor),

which is expressed as
H(XD*YD) = D(XDﬂYD) / D(XD:1O cvaD:m cm) ~~~~~~~ (1)

where D(X,.Y,) is the dose in air on the cen-
tral axis at the detector plane and X, Y, are the
field sizes, also at the detector plane, determined
by the lower (X) and upper (Y) collimator jaws,
respectively. The collimator setting for reference field
size is 10 x 10 cm’. The variation of head scatter
factor is usually not large. In our study, the value
ranges from about 0.94 to about 1.08. In addition,
the effect of collimator exchange for two different
rectangular fields, i.e. the difference between H(X;,Y;)
vs. H(Y,.Xp) where X, #Y,, is also small (2%-3% for
open fields and 3%-4% for wedged fields)'.

Typically, the beam data from the medical
linear accelerator was generally collected for
various square field sizes. It is impractical to do the
measurement for rectangular field since there are
too many possibilities of the field size. Specifically
for the determination of head scatter factor, a given
rectangular field is typically related to the square
field by the well-established equivalent square
relationships; in the form of tables®, the area-to-
perimeter formula®, and the geometric formula®.
Generally speaking, using the formula to find an
equivalent square field is more favorable than using
the table due to its simplicity and convenience.

The area-to-perimeter formula® gives the
equivalent square collimator setting for rectangular

field (X,,Y;) according to:

Lip = 2 Xo Yo / (XgtY o) et @)

This formula includes the effect of field size
elongation. However, the collimator-exchange effect
is not taken into account since the interchange
between X, and Y, yields the same equivalent side
L, It also does not includes the effect from the
beam’s energy, the configuration of each treatment
unit, and the calculated depth.

In 1993, Vadash and Bjarngard® proposed an
empirical formula in an attempt to account for the
collimator-exchange effect on the head scatter
factor. The equivalent square collimator setting is

given by:
Lee = (A+1) X5 Yo / (A XpHYp)s v (3)

where A is a parameter specific for each beam.
This parameter is determined by minimizing the
average difference between the calculated and
measured head scatter factors of rectangular field.
The formula is deduced to that of area-to-perimeter
when A=1. The beam’s energy, the configuration of
treatment unit as well as the calculated depth are
included in this empirical formula since the para-
meter is determined using the specific beam data.
As the result, determination of suitable parameter
needs a reliable data set of rectangular field.

Similarly, Kim et al.” derived a formula using
the field mapping method for the calculation of an
equivalent square field that gives the same head
scatter factor as a given rectangular field. The
derived formula has the same format as the empirical
formula Eq. (3). The parameter ‘A’ is replaced by
the geometric parameter ‘k’ which is obtained from
the distances between the target and the top of
each collimator jaw and between the bottom of

each collimator jaw and the detector plane. There-
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Forz. this formula includes the effect from collimator-
=xchange, the configuration of a linear accelerator
=atment head, and, also, the depth. However, the
oeam’s energy is not accounted for in this formalism.

The purpose of this study is to determine the
oarameter in the empirical and the derived equivalent
square field formula for calculating the head scatter
factor at the depths of 0.5, 5.0 and 10.0 cm. The
g=ometrical parameter is almost the same as the
empirical parameter at shallow depths. However,
they are quite different at 5 and 10-cm depth.
Nevertheless, both equivalent square field formulas
give the head scatter factor at three depths for
rectangular field with good accuracy with the inter-

polated data of the square field.

Meterial and Methods

The Eclipse AAA treatment planning system
was used to compute the head scatter factor for 6
MV photon beam of a Varian Clinac 23EX medical
inear accelerator. A cylindrical mini-phantom with 4
cm in diameter and 20 cm in length was created in
the system. The calculated points were located in
the mini-phantom on its central axis at the depths
of 0.5, 5 and 10 cm from the front surface using a
constant source-to-surface distance of 100 cm with
100 beam monitor unit.

Due to the lack of mini-phantom in our institute,
an actual measurement for the head scatter factor
was unable to be performed. Nevertheless, the com-
puted head scatter factors are reliable since the
basic commissioned data had been provided to the
planning system and several dosimetric quantities
for both square and rectangular fields have also
peen validated with the measurement, for example,
percentage depth dose, dose profile, beam output

etc.

The first set of data was taken with the square
fields ranging from 4 x 4 to 30 x 30 cm’. The second
set of data (FIX-X) was taken with the X collimator
jaws fixed while the Y jaws were varied. The data
with the Y collimator jaws fixed (FIX-Y) while the X
jaws were varied was the third set of our data. The
varied collimator settings were 4, 6, 8, 10, 12, 15. 1
20, 22, 25, 28 and 30 cm. As a result, the opening

field size ranges from 30 x 4 to 30 x 30 cm® for the

=

second data set and from 4 x 30 to 30 x 30 cm’ for
the third data set.

The equivalent square field for each rectangular
field was computed using the area-to-perimeter
relationship (egn. (2)), the empirical formula with
varying parameter A from 0.6 to 3.0 (egn. (3)). and
the derived formula (egn. (3) with A=k). The geo-
metric parameter k's for the depths of 0.5, 5 and 10
cm are 1.52, 1.50 and 1.48, respectively. For each
equivalent square field, the head scatter factor was
calculated using the interpolation of the square field
data. A comparison between the head scatter
factor for equivalent square and for the FIX-X and
FIX-Y field was then made as a function of A The
best empirical parameter A was chosen according
to the minimum of the average difference as well as

the maximum absolute difference.

Results

Three data sets of the head scatter factor at
the 0.5, 5, and 10-cm depth are illustrated in Figure
1, where each rectangular field was converted into
the equivalent square field based on the area-
to-perimeter relationship, Eq. (2). The collimator-
exchange effect is clearly noticed in the Figures
Additionally, the more the elongated field is. the
bigger the difference is found. For the most elongated

field 4 x 30 or 30 x 4 cm’, the difference in the head
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scatter factor is approximately 2% at all depths.
The head scatter factor of the equivalent square
field for the FIX-X and FIX-Y data set of rectangular
field was computed using the empirical formula,
egn. (3). For each value of parameter A ranged from
0.6 to 3.0, the difference with that of the square
field was calculated. An average and the maximum
of the magnitude of the difference were then evalu-

ated for both data sets of rectangular field. These

differences as a function of A are illustrated in Fig.
2, 3 and 4 for the depths of 0.5 5 and 10 cm,
respectively.

The minimum average difference on the head
scatter factor using the empirical formula was found
for A about 1.5, 2.0, 2.1 and for the data at 0.5, 5
and 10-cm depth, respectively. At all depths the
maximum difference on the head scatter factor is

less than 0.005 or approximately 0.5%. Figure 5, 6
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Fig.1 The head scatter as a function of square open size obtained from the area-to-perimeter method at the depth
of 0.5, 5 and 10 cm for 6 MV photon beam from Varian Clinac 23EX.
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Fi22 An average and maximun of the magnitude of difference on the head scatter factor using the empirical formula
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Fig.6 The same to that of Fig. 5 at the 5-cm depth.

and 7 demonstrate the coherence of head scatter
factor between the equivalent square field and the
square field using the best empirical parameter A
for the depths of 0.5, 5 and 10 cm, respectively.
Using the geometric parameter k =1.48 for the
head scatter factor at 10-cm depth, the difference
with the square field data can be conveniently iden-
tified in Figure 4. The average and the maximum

differences are about 0.0025 and 0.007, respectively.

Fig.7 The same to that of Fig. 5 at the 10-cm depth.

In similar, at 0.5-cm depth where k is equal 1.52 the
difference can be estimated in Figure 2. Interestingly,
the empirical parameter is almost the same as the
geometric parameter at the depth of 0.5-cm. In con-
trast, the two parameters are significantly different
at 5-cm depth (2.0 versus 1.50) and 10-cm depth
(2.1 versus 1.48). Nevertheless, the difference in head

scatter factor is still less than 1%.

Conclusions

The head scatter factors were generated by
the Eclipse AAA treatment planning system for the
square fields ranging from 4 x 4 to 30 x 30 cm® and
also for the rectangular fields with fixed-X and fixed-
Y collimator setting for the field side of 30 cm while
the varying side ranged from 4 to 30 cm. The
equivalent square field for each rectangular field
was calculated using (1) the empirical formula with
different values of the parameter A and (2) the
derived relationship with the parameter determined
by the collimator settings in the linac head and the
plane of interested point k. Both formulas have
exactly the same format where both exchange and

field elongation effects are included. Using the inter-
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ooiztion of the square field data, the head scatter
“zctors for each equivalent square of rectangular
F=d were obtained. They were then compared with
=ach other. At depth of 0.5 cm, the optimal empirical
ocarameter A that gave smallest deviation is about
"3 It is 2.0 for the data at the 5-cm depth and 2.1
“or the 10-cm depth. The derived parameter k's were
obtained as 1.52, 1.50, and 1.48 for the head scatter
=actor at the depths of 0.5, 5, and 10 cm, respectively.
These two simple relationships of equivalent square
Feid gave an acceptable estimate of the head scatter
“actor for rectangular field. In general, the coherence
o=tween the head scatter factors of the square field
and that of the equivalent square field was found to
oe slightly better for the empirical formula than the
cerved one. However, the maximum discrepancy
“ound in the derived relationship was still less than
"% Since only the setting of collimators are required
7or calculating the geometrical parameter, the derived
formula is more convenient in a practical usage. In
contrast. the data base of various fields is necessary

“or determining parameter in the empirical formula.
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Abstract

Objectives: This study was to determine the location of the mandibular foramen (MF) by dental cone

beam computed tomography (CBCT).

Methods: The mandibular foramen opening width (MFW) and reference lines from MF were measured in

72 patients with the normal occlusion and statistically analyzed by t-test.

Results: Comparing the left and the right side of the MFW in males was significantly different, but the
other reference lines were not significantly different. In females, both the MFW and all reference lines were
also not significantly different (p >0.05). Comparing between sexes, the MFW was not significantly
different on both side. While the reference lines of the left and right side were significantly different, the

distance of the right side of the MF-IB was not significantly different (p >0.05).

Conclusion: The location of the mandibular foramen was slightly posterior to the middle third of the width
of the ramus and the superior to the middle third of the ramus height. This study may be useful for
supplying to block the inferior alveolar nerve and in orthognathic surgery regarding bilateral sagittal split

ramus osteotomy and intraoral vertical ramus osteotomy.

Keywords: cone-beam computed tomography; mandibular foramen width; mandibular foramen location;

ramus of mandible; ramus osteotomy; inferior alveolar nerve block; mandibular notch
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Introduction

The mandibular foramen is one of the fora-
=—en of the oral and maxillofacial regions, located
on the inner side of the ramus. It is important in
sental procedures, such as determining the length
> the needle when injecting into the soft tissue in
e inferior alveolar nerve block or in orthognathic
:\.'gery”2 including bilateral sagittal split ramus os-
s=otomy and intraoral vertical ramus osteotomy’.

Many previous studies of the MF in dry skulls
aith or without radiographs including the studies of
<ositbowornchai et al.*, Jansisyanont et al.’, Trost et
2" Hwang et al.’, and Captier et al’, and Haywaed
=t al.” which analyzed patients by panoramic radio-
graphs.

The location of the MF varies, but no signifi-
~ant difference was observed between the left and
nght sides in the same sex.

Kaffe et al."’ studied the location of the MF by
Jsing two panoramic radiographs. Afsar et al.'" ana-
yzed the mandibular foramen by using two views
of radiographs, a panoramic and 45° oblique cepha-
ometric radiograph.

In 2004, Tsai'” reported locating the MF in
panoramic radiographs of 311 early permanent den-
tition children.

Using panoramic radiographs, Trost et al®
studied the safety location of the mandibular fora-
men in intraoral vertical ramus osteotomy in vertical
and horizontal planes of 46 patients.

Boonpiruk™ studied the location of the MF
related to the internal oblique ridge in the Thai dry
skull. No studies of normal occlusion have been
conducted among Thai patients using cone beam

computed tomography (CBCT).

In addition, many locations at the inner side
of the ramus are related importantly to the MF,
such as the anterior border and mandibular notch.
including the inferior border and posterior border of
the ramus.

The aim of this study was to locate the MF
and related reference lines from CBCT in Thais with

normal occlusion.

Materials and methods

Seventy-two Thai patients (36 males and 36
females) aged between 20 and 40 (average age 22
years) with normal occlusion™ and who had lower
third molar surgical removal were enrolled in the
study. The study used a 3D Accuitomo FPD XYZ
Slice View Tomograph, model MCT-1, type EX F, J.
Morita, Kyoto, Japan.

This study was approved and accepted as a
clinical study by the Mahidol University Institutional
Review Board with Protocol COA. No. MU-IRB 2010/
264. 2109. The patients voluntarily participated in
the study after informed consent. Written consent
was also obtained from the patients for the study
findings, and consent forms were signed in the
presence of a witness for all examinations and
treatment performed.

Because the field of view (FOV) of this
machine is 6x6 centimeters, each patient had to
undergo CBCT on left and right sides at the ramus
and retromolar area. Each CBCT of the patient was
analyzed by two specialized radiologists using the
software supplied with the machine (i-Dixel One
Data Viewer Plus Version 1.26).

For CBCT image, 78 kVp. with 4.5 mA. was
used in males and 76 kVp. with 4 mA. was used in

females.
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Before measurement, we used the coronal view
at the center of MF, and previously considered at
the midpoint of the foramen and continued to
measure the sagittal slice plane from this point. The
radiologists made two imaginary lines on the
posterior border of the ramus and inferior border of
the mandible (Figure 1) and measured the center
and the MF opening width (MFW) (Figure 2). The
radiologists also measured the reference line from
the center point of the MF (CMF) to the anterior
border of the ramus (AB) (Figure 3), as well as the
reference line from the CMF to the posterior border
of the ramus (PB) (Figure 3). The AB-PB line was
perpendicular to the imaginary line of the posterior

border of the ramus.

N

IMAGIMARY LINE

Fig.1 The imaginary line, the location of the studied man-
dibular foramen and reference lines studied

MF : mandibular foramina

AB : point of anterior border of the ramus

PB : point of posterior border of the ramus
MN : inferior point of the mandibular notch

IB  : inferior border of the mandible

The reference line from the CMF to the inferior
point of the mandibular notch (MN) (Figure 4) and
the reference line from the CMF to the inferior
border of the mandible (IB) (Figure 4) were parallel
to the imaginary line of the posterior border of the
ramus.

The reference line from the CMF to the AB of
the ramus and to the PB of the ramus was the
width of the ramus. It included the reference line
from the CMF to the inferior point of the MN, and
the IB of the mandible was the height at the midline
area of the ramus. This reference line was parallel
to the posterior imaginary line.

All the data measurements were statistically

analyzed by t-test at the significance level of 95%.

width of the opanning of
mandibular foramsn

Fig.2 The center and the mandibular foramen opening
width in CBCT
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AB-MF = 10.24 mm.

=2 I Tre reference line from the center point of the mandibular foramen to the anterior border of the ramus and the

=zrence line from the center point of the mandibular foramen to the posterior border of the ramus

\!F : mandibular foramina

3 : point of anterior border of the ramus

) o

- point of posterior border of the ramus

U
w

Fig.4 The reference line from the center point of the mandibular foramen to the inferior point of the mandibular notch
and the reference line from the center point of the mandibular foramen to the inferior border of the mandible
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Results

The range of the MFW in males was 2.01 to
4.47 mm. on the left side and 2.49 to 4.53 mm. on
the right side, with the average of both sides at 3.14
mm., and in females, 2.22 to 4.17 mm. on the left
side and 2.41 to 4.25 mm. on the right side with the
average of both sides at 3.25 mm.

The mean reference line from the center point
of the MF-AB of the ramus in males and females
was 15.07 mm. and 14.40 mm, respectively. Also,
the mean reference line from the CMF to the inferior
point of the MN in males and females was 20.76
mm. and 19.68 mm, respectively.

Table 1 shows the mean MFW and the
reference lines, with significant differences in the
MFW in males of the left and right sides, but without
significant difference in females. No significant

differences were observed in the reference lines of

the left and right sides in females and males (p
>0.05).

No significant differences were found (p >0.05)
in all reference lines, comparing between left and
right sides for each sex.

When all reference lines were compared
between the sexes of each side, most were signifi-
cantly different (p >0.05) except both sides of the
MFW and the reference line of the MF to the
inferior border of the mandible of the right side
between sexes had no significant difference (p >0.05).

Figures 5 also shows the distributions of the
left and right sides of the MFW, ramus width from
the PB-AB (Figure 6), and the ramus height from
the MN-IB of the mandible in 36 males and 36
females (Figure 7).

The location of the MF was slightly posterior
to the middle third of the width of the ramus and
the superior to the middle third of the ramus height.

Table 1 Mean mandibular foramen widths and reference lines of the left and right sides in 36 males and 36 females

Measurement (X +S.D.) (mm) MFW AB-MF MF-PB AB-PB MF-MN MF-I1B
Male Right 302:051 15284192  1417+173 20454306 20864329 085743208
Left 326+066 1486195 14324184 20184325  2066:289 28914333
p-value 0.009* 0.083 0472 0270 0.105 0.085
Female Right 3224044 14454162 13424114  2787+251 1966283 28174320
Left 3274045 1434143  1337+116 27714220 19694260 28194247
p-value 0602 0413 0.705 0.314 0910 0932
Right side p-value 0283 0003* 0.001* 0.0005* 0.002* 0.079
of male - female
Left side of p-value 0543 0023* 0.0004* 0.0008" 0009" 0.03*

male - female

* Significance level p <0.05
MFW

MF  : mandibular foramen

: mandibular foramen opening width

AB  : point of anterior border of the ramus

PB  : point of posterior border of the ramus
MN  : inferior point of the mandibular notch

B - inferior border of the mandible
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Discussion
Many previous studies of MF and reference
lines have been conducted on dry skulls“® and in
patients using panoramic radiographs.'® > The study
in the dry skull may lack reliable biographical data.
The 3D Accuitomo FPD XYZ Slice View Tomograph
is @ machine that can study three dimensions of the

Sku“16,T7

and we used CBCT 6x6 centimeters, taking
right and left ramus in each patient.
As the CBCT, providing an accurate measure-

"% we used the coronal view at the CMF,

ment,
and considered at the midpoint of the foramen and
measurement the MFW. Then we continued to
measure the sagittal slice plane from this point,
making two imaginary lines on the posterior border

of the ramus and inferior border of the mandible to

measure the reference line. In addition, each CBCT
of the patient was adjusted, and the mean MFW
and the reference lines were analyzed by two
specialized oral and maxillofacial radiologists.

As for the inferior alveolar nerve block, pre-
vious studies have been conducted about the length
of the needle for injection into the soft tissue® and
the bilateral sagittal split ramus osteotomy related
to the MF.*”

Previous studies in Thais were conducted on
dry skulls, not human beings, such as the study of,
Kositbowornchai et al’, Jansisyanont et al’ and
Boonpiruk.” We aimed to study the location of the
MF and the MFW in Thais using normal occlusion
by CBCT.

The previous studies of the location of the MF
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in the antero-posterior plane, Kositbowornchai et
al.’ and Jansisyanont et al.” reported the location of
the MF from dry skulls was slightly posterior. How-
ever, Hayward et al.’ studied dry skulls, and
reported the location of the MF of dry skulls in
Asian and American races were not significantly
different, and were located at the third quadrant
from the anterior. In 2010, Trost et al.’ found that
the location of the MF was the center of the anterior
two thirds and the posterior one third of the ramus.
This study found the location of the MF was slightly
posterior to the middle third, or near the center
point of the ramus width in the antero-posterior
plane.

In the supero-inferior plane, the location of
the MF is mostly superior to the middle third of the
ramus height from the MN to the IB of the mandible.
This study is similar to the studies of Jansisyanont
et al’, Trost et al’, Hwang et al.’, and Captier et al.®

Hayward et al.’ studied the MFW and refer-
ence lines comparing left and right sides, reporting
no significant differences. While the MFW of the left
and right sides of males was significantly different,
other studies were similar to the study of Hayward
et al.

This study of the reference line of the AB of
the ramus to the MF in males and females indicated
an average between 15.07 mm. and 14.40 mm.
Needle insertion into the soft tissue should not
penetrate too far into the inferior alveolar nerve block.

In addition, the reference line of the MF-MN
n males and females was 20.76 mm. and 19.68
mm., respectively. It is useful in orthognathic surgery
regarding bilateral sagittal split ramus osteotomy
and intraoral vertical ramus osteotomy.

This study also compared the MF and reference

line, between sexes showing that the MFW of both
sexes and the reference line of MF-IB of the mandible
were not significantly different. The other reference
lines of AB-MF, MF-PB, AB-PB, MF-MN, and MF-IB
were significantly different.

In conclusion, the location of the MF is slightly
posterior to the middle third of the ramus width in
the antero-posterior plane, and the supero-anterior
plane of the MF is superior to the middle third of
the ramus height from the MN-IB of the mandible
A comparison of both sides for both sexes was
also not significantly different, except the MFW in

the males.
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The Effect of Zinc Amino Acid Chelate on Decrease of
Taste Dysfunction in Head and Neck Cancer Patients During
Radiotherapy, A Prospective Randomized Controlled Trial
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Abstract

Objectives: To prospectively investigate whether Zinc amino acid chelate on decrease of taste
dysfunction in head and neck cancer patients treated with radiotherapy alone or concurrent

chemoradiotherapy during radiotherapy.

Materials and Methods: Between September 2010 and March 2011, forty-three patients were
randomized to receive either Zinc or no Zinc administration, 20 patients received Zinc amino acid
chelate and 23 patients without amino acid chelate administration. The taste evaluation at 1% week
was found to be better in sweet, salty and sour taste than the weeks after. The taste dysfunction was
found to be decrease when receiving radiation doses of 20Gy/2weeks and it continued taste dysfunction
through complete radiotherapy. The study demonstrated no statistically significant on baseline taste
function, taste dysfunction during radiotherapy of doses 20-50Gy/2-5weeks of the both groups
(p >0.05).

Conclusions: All of the taste evaluations revealed no statistical significance between the patients
received with Zinc amino acid chelate and without Zinc administration (p >0.05). The relatively small
number of subjects in this study may contribute to the lack of statistical differences between the

both groups.

Keywords: Zinc amino acid chelate, radiotherapy, taste dysfunction
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Introduction

Head and neck cancer is one of the most
prevalence cancer'. In advanced stages, treatments
should be multimodality such as combined surgery
with adjuvant radiotherapy and/or chemotherapy.
The common acute complications of radiation
therapy are taste dysfunction, oral mucositis and
dry desquamation”. The condition of taste dysfunction
had been detected for several reasons, such as
direct damage in taste buds and salivary glands,
toxic substances, radiation, chemotherapy’ and
drugs*’. The major cause of radiation effect on taste
dysfunction was the disappearance of irradiated taste
buds®"". This morbidity was found in the 1* week of
radiotherapy, increased more in the 2" weeks (about
20 Gy/2weeks) and most common when the taste
buds were irradiated to 40-60 Gy /4-6 weeks'". This
condition could be return to normal function after
definitive radiotherapy within 8 weeks on patients
with partial tongue and 6 months of whole tongue
irradiation'”. Prevention of taste dysfunction from
exposure radiotherapy by using cytoprotective agent
and pushing the tongue out of the radiation fields
including Zinc supplementary had been reported in

good outcome'.

Zinc is the essential mineral for repairing
damaged cells after inflammation in mucositis of
the mouth. Zinc also preserves taste disorders in

8 Zinc is the one

patients with low Zinc level
substance that binds to the taste-papilla and
stimulates it to taste process. In addition, Zinc
supports lubricant of saliva process '°. Moreover,
Zinc elements relate to the gustatory nerve activity'"".
The Thai Recommended Daily Intakes 1999
suggested daily consumption of Zinc element at 15

mg/day, Zinc elements for person per day was

6.3+0.2 mg in males and 55+02 mg in females™.
Inadequate Zinc elements from food had been

reported and led to taste dysfunction®.

The ZnSo, has competitive binding with
receptor of Copper. Another form of Zinc elements
such as Zinc amino acid chelate which demonstrates
no competitive binding with the receptor of Copper.
The reviews show none of reports of using Zinc
amino acid chelate for preventing taste dysfunction
among Thai cancer patients. This randomized
controlled trial was therefore conducted to determine
whether the effect of Zinc amino acid chelate on
decrease of taste dysfunction in head and neck
cancer patients treatment with radiotherapy alone

or concurrent chemoradiotherapy.

Materials and Methods

This prospective randomized controlled trial
was performed at Division of Radiotherapy,
Department of Radiology, Faculty of Medicine, Khon
Kaen University, Thailand, between September 2010
and March 2011. This project has been approved
by the Human Ethics Committee of Khon Kaen
University (HE 531130). Inclusion criteria were (1)
head and neck cancer patients treated with
radiotherapy covering the mouth. (2) age 20 to 70
years. Exclusion criteria (1) had  undergone surgery
of the tongue. (2) receiving drug cytoprotective agent,
captopril, penicillamine and metronidazole. (3)
receiving previous radiotherapy of head and neck
region. (4) who had undergone surgery on organs
of the smell associated with taste. (5) pregnant or
during lactation. (5) history of oral contraceptives
therapy. The statistical analysis was performed by
using the STATA software version 10 and SPSS

software version 13. A p- value of less than 0.05
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was considered statistically significant. The results
of taste evaluation were calculated by Repeated-
measures ANOVA method.

The patients were randomized by using simple
random sampling to receive either Zinc amino acid
chelate or non- Zinc amino acid chelate administra-
tion. The patients received doctor's explanation
and also signed consent for research participation
as follows: - (1) Both groups of the patients were
evaluated the baseline taste function before radio-
therapy and week by week from the first week up
to the 5" week of radiation by using taste substances
and concentration followed by Yamashita H, et al®’.
(2) Patients in experimental group were received
Zinc amino acid chealate 15 mg once daily with
rradiation or radiochemotherapy from the first day
of irradiation until the completion of radiotherapy.
The patients in control group were treated with
irradiation or radiochemotherapy without Zinc
administration. (3) This study used sucrose to test
sweet. These substances used in liquid form and
tested by dropping on the papilla from lowest
to highest concentration and recorded minimum
concentration that patients can distinguish the taste,
sodium chloride was used for salty taste and tartaric

acid was used for sour taste. (4) Participants will

Table 1 Patient Characteristics

gargle before the next time of taste evaluation. The
measure used score 0-4 compared to Subjective
Total Taste Acuity (STTA) scale'. (5) Test all patients
irradiated at 20Gy, 30Gy, 40Gy and 50Gy. The score
were recorded form of visual analog scale. (6) In
order to measure taste function, the patients rated

score by themselves and viewed the past score.

Results
Patient characteristics are summarized in Table
1, the diagnosis of disease in Table 2, the radiation
techniques in Table 3, and the concentration of taste

substances in Table 4.

The analysis of taste function found that the
sweet, salty and sour tastes revealed no statistica
significance between the patients received with Zinc
amino acid chelate and without Zinc amino acid
chelate administration (p=0.95, p=0.32 and p=0.62).
The taste evaluation in the first week was better
than the second through the fifth irradiated week
with statistical significance (p <0.001) as shown in
Figure 1-2.

The multivariate analysis of concurrent chemo-

radiation or radiation alone and with or without Zinc

amino acid chelate administration found that no

Characteristic Zinc (N=20) No zinc (N=23) p-value
Se Male 13 13
X 2 0.57
Female 7 10
Age < 7I;j - 137 . 720 - 7
Age 60 years o 0.09
>60 years old 7 3
Smoke Yes 9 7 032
No 11 16
Drink Yes 3 074
No 14 15
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Table 2 The diagnosis of patients

Diagnosis Zinc (N=20) No zinc (N=23) p-value
Oropharyngeal carcinoma 1 5
Base of tongue carcinoma 1 2
Parotid gland carcinoma 0 2
Nasopharyngeal carcinoma 8 6 0.54
Oral tongue carcinoma 2 2
Maxilla and nasal cavity carcinoma 1 1
Oral cavity carcinoma 4 1
Hypopharyngeal carcinoma 3 2
Diffuse large B cell lymphoma 0 1
Table 3 Modalities of therapy and radiation techniques
Zinc (N=20) No zinc (N=23) p-value
Volume of tongue Partial tongue irradiation 11 15 _
Whole tongue irradiation 9 8 ’
Technique 2D conventional irradiation 7 7'19 - 23
3D conformal irradiation 1 0 o
CCRT Yes 14 16
No 6 7 0.96
Table 4 Baseline taste evaluations before radiotherapy
Concentrate Zinc (N=20) No zinc (N=23) p-value
Sucrose 8.8 mM 5 3
73 mM 8 18 0.48
029 M 7 7
Sodium chloride 52 mM 7 15
022 M 10 7 0.21
0.86 M 2 1
17 M 1 0
Tartaric acid 1.3 mM 5 4 7 !
13 mM 11 16 0.61

013 M 4 3
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statistical significance between the patients received
with Zinc and without Zinc administration in all
of taste (sweet ; p = 0.39, salty; p = 0.17 and sour ;
p = 0.97). The analysis of partial and whole tongue
irradiation with or without Zinc amino acid chelate
administration found that no statistical significance
in both groups (sweet; p = 0.17, salty; p = 40 and
sour; p = 0.38).

Discussion

The benefit of Zinc sulfate therapy in reducing
the occurrence of taste disorders during radiotherapy
had been reported'®. The improving taste function
by using Zinc picolinate had been reported in patients
with Zinc deficiency or idiopathic taste disorders®'.
The treatment prophylaxis before irradiation
in patients with Zinc ion therapy demonstrated
less severe hypogeusia than without Zinc therapy®.
Kitago H, et al. found the benefit of Zinc therapy in
improving taste function®’. Some report demonstrated
no benefit of taste alterations by using Zinc sulfate
therapy during irradiation®’. The study of Zinc
gluconate revealed benefit for patients with idio-
pathic and Zinc-deficient taste disorder’””. The
improvement of taste perception had been reported

by Zinc element administration®.

The present study demonstrated taste dys-
function during irradiation of 20Gy/2weeks com-
parable to some studies 16,20,27. The sweet, salty
and sour taste evaluations in the first week were
better than the second through the fifth irradiated
week with statistical significance (p <0.001). The
sweet taste of this study revealed no statistical
significance between the patients received with Zinc
amino acid chelate and without Zinc (p = 0.46). The

salty taste of this study revealed no statistical

significance between the patients received with Zinc
amino acid chelate and without Zinc (p = 0.17). The
sour taste of this study revealed no statistical
significance between the patients received with Zinc

amino acid chelate and without Zinc (p = 0.79).

Conclusions

The present study demonstrated taste dys-
function during irradiation of 20Gy/2weeks. The
sweet, salty and sour taste evaluations in the first
week were better than the second through the fifth
irradiated week with statistical significance (p <0.001).
All of the taste evaluations revealed no statistical
significance between the patients received with Zinc
amino acid chelate and without Zinc amino acid
chelate administration (p >0.05). The relatively small
number of subjects in this study may contribute to

the lack of statistical differences between groups.
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Abstract

Objective: The aim of this study was to evaluate the diagnostic value of fused single photon emission
computed tomography (SPECT) and 16-slices multi-detector computed tomography (CT) obtained from

separate machines in patient with single equivocal bone lesion on planar *™Tc-MDP bone scan.

Material and methods: All patients with single equivocal lesion seen on planar bone scintigraphy during
June 2007 to Dec 2008 were sent for SPECT/CT. SPECT and CT were independently evaluated by two
nuclear medicine physicians and a radiologist, each of whom was not aware of the results obtained
through other imaging modalities. Subsequently, the specialist from both modalities interpreted the fused

images by consensus. Pathological result or a 3-year follow-up was considered to be reference standard.

Results: There were 25 patients. Ten of them were male. The mean age was 61+14 years (age range 41-
82 year). All of them have history of cancer. Sensitivity, specificity and overall accuracy of SPECT/CT were
60%, 100% and 84%, respectively. SPECT/CT increased reader’s confidence in most cases. Only 1
patient has pathologically proved bony metastasis. Diagnosis of bony metastasis in the rest of the patients

was done by follow-up clinical and imaging.

Conclusion;: SPECT/CT fusion is a useful technique to evaluate single equivocal bone lesion. It increases
reader’s confidence and specificity of the test. However, further investigation with larger number of

patients may be warranted.

Keywords: SPECT/CT, single equivocal bone lesion
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Introduction
Despite new procedures have recently been
s=w=oped for bone imaging, bone scan still plays a
mamor role in the diagnosis of bone lesions of all
wme= Bone scan has proven to be highly sensitive,
sa—cularly in cancer patients suspected of having
sore metastases.' Bone scan has the advantage of
=w=z/ng metastases considerably earlier than

=ciographs because of the increased bone turn-

|5 ]

= caused by tumor growth. Bone scan is wildly

=nle. well-established clinical experiences with

(5%}
Y]

mocest efficacy in many types of cancer. Bone scan

~ot specific for malignancy. Increased uptake in

i

=orme scan also occurs in many benign conditions
=.ch as fracture or reflex sympathetic dystrophy.

As compared with planar scintigraphy, single
-~oton emission computed tomography (SPECT)
~creases image contrast and improves lesion
s=taction and localization.”® However, SPECT still
=cks anatomical detail. This is a significant draw-
nack because further classification as benignity or
malignancy is often based on the precise location
>f a lesion. On the other hand, structural changes
shown on radiography are often difficult to assess
without corresponding functional information.

Hence, combining both functional (SPECT) and
anatomic data (CT) improves diagnostic accuracy
2nd lesion characterization.”® SPECT/CT promises
:0 overcome the insufficient specificity of planar
scintigraphy and SPECT alone. Ramathibodi Hos-
oital does not have state-of-the-art SPECT/CT ma-
~hine. Ramathibodi Hospital has separately SPECT
and CT machines.

Thus, the purpose of this study was to evalu-
ate prospectively if there is additional diagnostic
value in fused SPECT and CT images for the as-

sessment of single equivocal bone lesion on planar

scintigraphy in Ramathibodi Hospital's patient.

Material and methods

Patients: All consecutive patients with single
equivocal abnormal radiotracer uptake on planar
bone scintigraphy during June 2007- Dec 2008 were
enrolled in this prospective study. The study was
approved by ethic committee on human rights
related to researchers involving human subjects.
Faculty of Medicine, Ramathibodi Hospital, Mahidol
University. Written informed consent to add CT
acquisition to the bone scan was performed in all
patients.

%mTc-MDP planar scintigraphy: Whole body
bone planar scintigraphy was acquired approximately
at 2 hours after injection of 20 mCi of *"Tc-MDP
using a dual-head gamma camera (Philips, FORTE.
ADAC laboratory). Parallel-hole, low energy, high
resolution collimator with a 20% window center at
140 KeV peak were used to obtain planar image in
a continuous mode. Patients were asked to void
before initiation of planar scintigraphy. Patients were
lying in supine position.

SPECT images: SPECT images were acquired
and processed using same dual- head gamma
camera. Image setting was acquired as follows: 180°
acquisition, 32 projections and 30 seconds per
projection. No attenuation or scatter correction was
acquired.

CT images: non-contrast CT scan using 16
slices CT scan (Philips MX 8000 CT scanner) was
acquired at the area of equivocal lesion seen on
planar bone scan. The acquisition parameters were
used as follows: 120 kV 200 mAs and 5-mm recon-
struction.

SPECT and CT machines were located sepa-

rately. External markers for both SPECT and CT
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were placed on patient’s skin. SPECT/CT fusion
images were obtained using software image fusion.

Attending nuclear medicine physician reviewed
planar bone scintigraphy immediately after acquisi-
tion. SPECT/CT was requested in patient with single

equivocal bone lesion seen in planar scintigraphy.

Image interpretation

In the first phase of image analysis, SPECT
and CT were independently evaluated by two nuclear
medicine physicians and one radiologist, each
of whom was not aware of the results obtained
through other imaging modalities. Subsequently, the
specialist of both modalities interpreted the fused
images by consensus.

The criteria to classify a focal bone lesion as
benignity or malignancy for SPECT images depend
on lesion location. At the spine, the lesion involving
vertebral body or pedicle is typical for metastatic
disease while lesion at the joints and endplates was
benign. Lesion at pelvis was considered benign if it
involved joint. Sternal lesion was interpreted as
malignant if it involved manubrium and/or body of
sternum. Involving sternoclavicular joint was
considered benign.

Additional criteria for the CT part of the fused
SPECT and CT interpretation to be considered
malignant was if there were osteoblastic/ osteolytic
lesions, or bone lesion with associated soft tissue
mass. Sclerotic lesions with spondylophytes and
disk space narrowing were considered benign, and
so were lesion in the subchrondral region of a joint
together with joint space narrowing, subchondral
bone cysts and osteophytes. Readers were asked
that whether SPECT/CT images increased reader’s

confidence of image interpretation.

Pathological result was considered to be a
reference standard. If pathological result was not
available, at least 3-year clinical and imaging
follow-up was acceptable as a reference standard.
Clinical follow-up data were obtained by reviewing
patient’s hospital charts. All of the follow-up
images were reviewed by experienced radiologist
to confirm the presence or absence of bony meta-

stasis.

Results

From June 2007 - Dec 2008, twenty five
patients underwent SPECT/CT due to single
equivocal finding lesion seen on planar scintigra-
phy. Ten of them were male and 15 of them were
female. The mean age of patients was 61+14 years
(age range 41-82 year). All patients had underlying
cancer. Twelve patients (48%) had bone pain while
the rest of the patients were sent for metastatic
work up without any symptom.

Primary cancer was classified as follows: breast
(n=11), prostate (n=4), lung (n=3), bladder (n=2),
sarcoma (n=2), Gl malignancy (n=1), hepatoma (n=1)
and gynecologic malignancy (n=1).

Most common sites of equivocal lesions on
planar bone scintigraphy were at lumbar spine (n=
12), pelvic bone and sacrum (n=6).

In the group of patients with bone pain (n=12),
the location of bone pain was classified as follows:
lumbar spine (n=9), cervical spine (n=1), thoracic
spine (n=1) and lower extremities (n=1). Nine pa-
tients have abnormally increased uptake at the same
region of clinical bone pain. Two patients developed
bone metastasis during follow-up.

Sensitivity, specificity and overall accuracy of
SPECT/CT were 60%, 100% and 84%, respectively.
In most cases, SPECT/CT did not change diagno-
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=s compared with SPECT or CT alone, but it
ncreased reader’s confidence (72%).

Tissue diagnosis was available in only 1
oatient. Bone scan picture of this patient was
semonstrated in Fig 1. A 43-year-old female had
~istory of cervical cancer treated with radiation
therapy for 18 months. She presented with low back
pain, which was suspected to be due to bony
metastasis. SPECT/CT images showed increased
uptake at L4 vertebra, corresponding to an area of

oone destruction with suspected soft tissue inva-

w

on into spinal canal. Bone metastasis was
suggested. MRI was subsequently done 1 month
after bone scan. MRI (Fig 2) demonstrated evidence
of lower L4 endplate irregularity and L4+L5 destruc-
tion with adjacent left paravertebral mass that were
suggestive of liquefied abscess in the left psoas

muscle. Infectious process was considered. Spinal
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%
¢
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metastasis with necrotic tumor was in the differen-
tial diagnosis. Two weeks later, the patient under-
went fluoro-guided biopsy which proved to be
metastatic squamous cell carcinoma.

Diagnosis of bony metastasis in the rest of
the patients was done by following up clinical and
imaging. Timing for follow-up was at least 3 years.

For the patients who were reported bone
metastasis from SPECT/CT images, follow- up clinical
and imaging confirmed bone metastasis in al
patients. However, a few cases of reported benign
finding on SPECT/CT scan proved to be bone
metastasis during the 3-year follow-up period. The
authors demonstrated an example of the case in
Fig 3. An 80-year-old male had a history of pros-
tatic cancer for a year. He refused to do surgery.
Only hormonal treatment was ordered. He presented
with back pain. His PSA level was 0.621 ng/ml.
Increased uptake at L2 vertebra was corresponding
with an area of well-defined osteoblastic lesion seen
on CT scan (Fig 3). Benign process was suggested.
Three months later, the patient underwent MRI
lumbosacral spine, which revealed the ill- defined.
partial enhancing hypo-hypersignal T1/ T2 lesion at
mid and right-sided L2 vertebral body, suggestive

of marrow infiltrative process from metastasis.

Fig.1 Planar bone scintigraphy, axial SPECT/CT and plain CT of a 43-year-old female who had history of cervical
cancer and back pain for 6 months. Increased uptake in an area of bone destruction in the left-sided L4 was

seen. Soft tissue invasion into spinal canal was suspected. Bone metastasis was suggested.



112 THE ASEAN JOURNAL o RADIOLOGY
May-August 2012, Volume XVIll Noll

Fig.2 MRI lumbosacral spine (T2, T1, T1FS and T1+C) was done at 2 months later. Evidence of lower L4 end plate

irregularity and L4+L5 destruction with adjacent left paravertebral mass were suggestive of liquefied abscess in

the left psoas muscle. Infectious process was considered. Spine metastasis with necrotic tumor was in the

differential diagnosis. The patient underwent fluoro-guided biopsy which proved to be metastasis SCCA.

The authors demonstrated another interesting
case in Fig 4-5. A 60-year-old male had a history of
bladder cancer S/P radical cystectomy and ileal
conduit. There was increased uptake in the right-
sided pelvic bone on planar image (Fig 4), which
could be due to urine activity in ileal conduit or
bone lesion. SPECT/CT images (Fig 4) demonstrated
radiotracer activity in the ileal conduit, outside
normal bony structure. No evidence of osteoblastic
or osteolytic bone lesion was seen in plain CT scan.
SPECT/CT in this case excluded the presence of
bone metastasis in pelvic bone at that time,
although interval follow up bone scan 2 years later
(Fig 5) found multiple bony metastases.

The authors demonstrated an example of the
false negative case in Fig 6-7. A 36-year-old female
with a history of breast cancer treated with lumpec-
tomy and chemotherapy for 2 years, presented with
back pain. Previous bone scan was negative.
SPECT/CT images (Fig 6) revealed increased

uptake at superior portion of the left sacrum, which
was corresponding with secondary degenerative
change from left-sided L5 sacralization. Degenera-
tive change was interpreted. However, bone
metastasis was confirmed by plain radiograph and

CT scan 2 years later (Fig 7).

Discussion

Bone scan is very useful in cancer patients
who are suspected to have bone metastasis. It
provides whole body imaging, high sensitivity
with modest specificity. Characterization of single
equivocal bone lesion as benign or malignant is an
important finding with regard to tumor staging or
restaging.

SPECT/CT increased both sensitivity and
specificity of the test.”’” SPECT can distinguish the
precise location (i.e. lesion in vertebral body or joint)
while plain CT can give more anatomical informa-

tion such as osteoblastic/ lytic lesion. SPECT/CT
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Fig.3 Planar bone scintigraphy. axial SPECT/CT and plain CT of an 80-year-old male with prostate cancer who
presented with back pain. There is increased uptake at a well-defined osteoblastic lesion in L2 vertebra. Benign

process was suggested. However. MRI lumbosacral spine at 6 months later showed L2 metastasis.

Fig.4 Planar bone scan, axial and coronal SPECT/CT images of a 60-year-old male with bladder cancer revealed

increased uptake in the right-sided pelvic bone, which could be due to urine activity in ileal conduit or true bone

y structure.

lesion. SPECT/CT images demonstrated radiotracer activity in the ileal conduit, outside normal bon

No evidence of osteoblastic or osteolytic bone lesion was seen in plain CT scan.
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Fig.5 A follow up bone scan of this patient after chemotherapy was done at 1 year later. Multiple bone metastases

were obviously seen in this bone scan.

improves diagnostic confidence and makes a
definitive diagnosis in most cases. Franc BL. et al."
recently reported the sensitivity, specificity and
accuracy of SPECT/CT to be 90.9%, 85.9% and
87%, respectively. These values did not differ
significantly from those obtained from SPECT alone.
SPECT/CT should be used on a patient-by-patient
basis. However, in that article, most of their patients
(72%) were non oncologic patient while all of our
patients had history of cancer.

Almost half of our patients (11/25) had under-
lying breast cancer, which is one of the most com-
mon cancer in Thailand. Sharma P. et al'® summa-
rized that SPECT/CT is better than planar scintigra-
phy and SPECT alone for characterizing equivocal
bone lesion in patient with breast cancer and can
have significant impact on patient management.
Differentiation between benign and malignant
lesion in single lesion, especially in axial skeleton. is
critical. SPECT/CT decreased the number of equivo-

cal finding in planar bone scan while these bone

1" as well as in skull'.

lesions located in spine

Ndlovu X. et al.'® reported that SPECT/CT
significantly outperformed SPECT alone for the
interpretation of skeletal lesions in patient undergo-
ing bone scanning for metastases. SPECT/CT
resulted in a significant reduction of equivocal
findings. Igbal B et al." showed that specificity of
bone scan was excellent (100%) for characterizing
solitary spine lesion. However, sensitivity of planar
bone scan was extremely low (6.1%), which can be
significantly increased (to 78.8%) after the addition
of SPECT/CT. Acquiring SPECT images in all
patients are unnecessary and time consuming. In
this article, the authors selected patients with single
equivocal bone lesion to acquire SPECT/CT. Differ-
entiation between benign and malignant lesion may
affect cancer staging as well as further treatment
planning. The authors didn't compare planar bone
scan with SPECT and SPECT/CT because it has
De=n cleary cemonstrated in previous reports that

=tier than both planar and SPECT

e
SPEC s

-~ =
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Fig.6 Planar bone scintigraphy, axial SPECT/CT and plain CT of a 36-year-old female, who had a history of left breast
cancer status post complete treatment for 2 years. Previous bone scan was negative. She presented with back
pain. Planar bone scan showed increased uptake focus in the right Sl joint. SPECT/CT image showed increased
uptake in the sacralization of left-sided L5 vertebra with secondary degenerative change at transverse process-

sacral junction. Degenerative change was suggested.

B.

A
Fig.7 Follow up images were done at 18 months (A) and 24 months. (B.) The first follow up image was unremarkable.

However, sclerotic change of the left-sided sacrum and left inferior pubic ramus was clearly identified in Fig B.
Bone metastasis was suggested. Multiple bone metastases in vertebrae and pelvis were confirmed in CT scan

whole abdomen, which was obtained 2 months later.
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images. Most of previous articles acquired SPECT/
CT using the same machine. Utsunomiya el al”
showed that analysis of simultaneously fused SPECT/
CT images improve reviewers’ confident of differ-
entiating malignant from benign lesions in a com-
pared with a side-by-side viewing of 2 sets of
images (SPECT and CT). In Ramathobodi Hospital
setting, the authors acquired SPECT and CT
separately using dual head gamma camera (FORTE,
Philips) and Philips MX 8000 CT scanner, respec-
tively. Then software image fusion was acquired.
Data from this setting is still limited. Strobel et al.”
compared the usage of planar bone scan, SPECT
and SPECT/CT in order to characterize focal bone
lesions in the axial skeleton. They performed bone
SPECT with dual head gamma camera and CT with
a standalone 64-MDCT scanner. Then digital soft-
ware fusion was obtained. Sensitivity and specific-
ity for differentiation benign and malignant lesions
were 82% and 94% for planar bone scan, 91% and
94% for SPECT, and 100% and 100% for SPECT/
CT. Sensitivity, specificity and overall accuracy of
SPECT-CT in our setting were 60%, 100% and 84%,
respectively.

Limitation of this study was the small number
of patients. The authors selected patients who had
single equivocal lesion seen on planar bone scan
and didn’t have any correlative imaging before bone
scan. For patient with underlying cancer and mul-
tiple lesions seen on planar bone scan, there is a
high probability of bony metastases. Pathological
result was not available in most cases. Since most
bone scan results were interpreted as benign etio-
logy, it was impractical and unethical to perform
surgery or biopsy in these patients. Furthermore.
the authors did SPECT and CT separately from

different machine. SPECT/CT fusion was done by a

software fusion using external marker. Incorrect
lesion localization was possible.

SPECT/CT fusion is a useful technique in evalu-
ating single equivocal bone lesion. It increases
reader’s confidence and the test’s specificity. How-
ever, further investigation with a larger number of

patients may be warranted.
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Radiation from an Admitted Thyroid Cancer Patient with
High Dose I-131 Treatment in Related Hospitalized Area
and Exposure to Associated Personnel in Ramathibodi’s
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Abstract

Purpose: After an administration of high dose |-131 in differentiated thyroid cancer, patients are
potential sources of radiation. The aim of this study is to clarify radiation in the admitting room and
associated surrounding of Ramathibodi's new inpatient unit during hospitalization of a high dose

I-131 treated thyroid cancer patient as well as radiation exposure to associated personnel.

Materials and Methods: The radiation dose rate was measured using optically stimulated luminescence
dosimeter (OSL) (Al,0,:C) which placed and interpreted in 22 different locations within and adjacent
the admitting room prior and during admission of a high dose |-131 treated patient. Collections of the
room air were performed using gamma counters, compared 2 durations with and without the occupied
patient in the room. The direct exposure was recorded by digital semiconductor pocket dosimeters,

which were carried by patient’s caregivers of every shift, namely morning, evening and night ones.

Results and discussions: The locations with the high radiation dose rate were around the patient
bed between 11.86-51.41 USv/h, which are expected. While room occupied, all location outside the
admitted room was within background ranges (<1 [L1Sv/h). Radioiodine concentrations in the room air
were also within safety ranges. Calculated exposure to related personnel and public individual are

within safety limits.

Conclusions: Our results provided assurance in using high dose radioiodine therapy in Ramathibodi’s

new inpatient unit for both public and related health care providers.

* Correspondence : Wichana Chamroonrat, MD.
270 Rama VI Rd., Ratchathevi, Bangkok 10400 Thailand (Email : wichana-cha@mahidol.ac.th)
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Related Hospitalized Area and Exposure to Associated Personnel in Ramathibodi’s New Inpatient Unit

Introduction

High dose radioiodine (I-131 >1.1 GBq or 30
—Ci) has been widely used in the standard treat-
ment of differentiated thyroid cancer. After adminis-
ration of the 1-131 dose, patients are potential
sources of radiation. According to International
Atomic Energy Agency (IAEA), patients should be
solated which usually refer to admission in the
nospital and discharged when theirs irradiation are
ess than the guidance level'.

The International Commission of Radiological
Protection (ICRP) has recommended a yearly
radiation constraint of 1 mSv and 20 mSv for
general population and radiation workers, respec-
tively’. Vice versa, The Office of Atomic for Peace
OAP) has recommended an hourly radiation limit
of 1 USv and 10 USv for public and occupational
exposure, respectively’. Both recommendations are
being followed in Thailand.

-131 emits gamma and beta radiations.
Although, gamma and beta emissions are charac-
teristically different, both could be posed as sources
of external radiation exposure to others. In addition,
I-131 could be volatile, especially in a free form or
acidic solution, and possibly a source of internal
radiation exposure. The physical haft-life of I-131 is
8.04 days. Our prior study’ showed effective half-
life of 26.2+10.8 hours in high dose I-131 treated
thyroid cancer patients. Therefore, our patients usu-
ally have one to two overnight stays in the hospital.

Well-known dosimeters for absorbed radiation
dose rates include optically stimulated luminescence
dosimeter (OSL) and thermoluminescent dosimeter
(TLD). These dosimeters are highly sensitive with a
dose range from 1 USv to 10 Sv°, which is particu-
arly suitable for individual monitoring in low-radiation

environment.

High dose 1-131 treatment in differentiated
thyroid cancer has been performed for several
decades in Ramathibodi hospital. Currently, a capsule
form of I-131 is used in almost all cases. However.
the treatment is relatively new to Somdech Phra
Debaratana Medical Center, the most recent facility
in Ramathibodi hospital. Prior to high dose radio-
nuclide treatment in the new inpatient facility, courses
including basic radiation knowledge, radiation pro
tection and certain radionuclide treatments were
held. However, there have been some concerns in
the unfamiliar territory, especially safety issues, which
lead into this study.

The study aim is to clarify the radiation in the
admitting room and associated surrounding of
Ramathibodi’s new inpatient unit during hospita-
lization of a high dose I-131 treated patient as well

as exposure to associated personnel.

Materials and Medthods

Radiation measuring by location
The measurement was performed for 2 dura-
tions, prior and in-between admission of a high dose
[-131 treated patient. The patient is a 24-year-old
female with papillary thyroid cancer. The dose of
[-131 treatment was 150 mCi (5550 MBq). She had
an uneventful hospitalization of 2 overnight stays.
The admitting room was 7211 in Somdech Phra
Debaratana Medical Center (SPDMC), Ramathibodi
Hospital (Figure 1).
1. InLight® OSL (Al,0,:C) dosimeters for
radiation dose rate
A set of twenty-two OSL dosimeters was
placed within the admitting room and surrounding
in the locations shown in Figure 1. The placement
was done twice. Each placement continued for 48

hours which included the whole admission. These
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Fig.1 Blueprint of the assigned admitting room and surrounding areas with locations of OSL dosimeters.

OSL dosimeters were calibrated and read out with
microStar® Dosimetry Reader, LANDAUER®, per-
formed by Nuclear Technology service Center, Thai-
land Institute of Nuclear Technology.
2. SENSDYNE® DOX Il air simpler for I-131

concentration in room air

Air at the top of patient bed was sampling
in the simpler. The collected air flew through the
simpler of rate at 3 liters per minute for 3 hours
prior the admission. The similar sample with the
occupied room was collected for 24 hours. The
simples were subsequently measured with gamma
probe, CAPTUS 3000°, CAPINTEC. The generic
equation for the 1-131 concentration in room air
could be shown as:

Activity (Ba/m®) = (net cps)/(efficiency x

air volume)

Radiation measuring by individual personnel
Digital semiconductor pocket dosimeters

(ALOKA model PDM-112) was carried and recorded

by patient’s caregivers of every shift, namely mor-

ning, evening and night ones.

Results and Discussions

Prior to admission of a thyroid cancer patient
with high dose |-131 treatment, OSLs in all location
revealed background level of radiation dose rate
(<1 USv/hr).

After an admission of a treated thyroid cancer
patient with high dose of 1-131, another set of OSLs
was interpreted as in Table 1. Radiation dose rate
of all location outside the patient room remained as
background level, while the rate ranged between

background levels to 51.41 USv/h within patient room.
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Table 1 Radiation dose rate (LLSv/h) inside and surrounding treatment 1-131 patient room.

NO. Location of OSL

Radiation dose rate (LLSv/h)

Inside patient’s room

1 Top of patient bed 25.67
2 End of patient bed 13.11
3 Right hand of patient bed, Behind lead barrier Bg
4 End of patient bed, Behind lead barrier Bg
5 Wall to contact other room, right 1.11
6 Wall to contact other room, center Bg
7 Wall to contact other room, left 1.73
8 Near a door 1.04
9 In front of exit door Bg
10 Sofa bed 5.34
11 Under patient bed, top 51.41
12 Under patient bed, end 11.86
13 Window 1 7.35
14 Window 2 5.62
15 Restroom 2.71
Outsidé patient’s room
16 Fire exit Bg
17 Corridor 1 Bg
18 Corridor 2 Bg
19 Room number 7210, left Bg
20 Room number 7210, right Bg
21 8" floor, patient bed Bg
22 8" floor, toilet Bg

Bg is background radiation (< 1 USv/h)

Four locations with radiation dose rate more than
10 USv/h (less than 10 USv/h consider acceptable
level for radiation worker) included location numbers
1, 2, 11 and 12 which are all around the patient’s
bed with 25.67, 13.11, 51.41 and 11.86 USv/h,
respectively. These numbers are expected because
the patient should be in bed about or at least half
of the time she admitted including sleeping. One
main general instruction to patients with high-dose
radionuclide treatment during admission is to

remain within bed behind lead barriers or shielding

if having any visitor including relative, friend and
health care personnel. However, once being alone,
the patient as a movable radiation source probably
ambulated and entertained herself within the room.
Therefore, the following locations with radiation dose
rate 5-10 USv/h may imply that she rested in the
sofa bed (location number 10), sat or ate at the
dining table by the window (location numbers 13-
14) or just looked for scenery outside the hospital
room. The rest of the location including restroom

revealed radiation dose rate less than 5 USv/h.
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Our result was similar to the study of Abu-
Khaled and et al’. They measured the radiation
exposure in surrounding the room of patients treated
with [-131 using TLD-200. The radiation dose rates
measured was 25.78+Sv/h at the patient bed; 10.78
USv/h in the bathroom; and 1.31 at the visitor chair.
The radiation dose rates at the outside of the external
door and public corridor were between 0.14 and
0.10 uSv/h, respectively.

Radioiodine concentration in the room air was
1.21 and 1.36 Bg/m’ per week, before and during
admission, respectively (acceptable limit 8.33 Bg/
m® per week)’.

The radiation doses to the nurse who cared
the patient were recorded by using digital semi-
conductor pocket dosimeter. There are three nurse
shifts each day namely morning, evening and night
ones. Each shift lasts about 8 hours and the duty
usually includes general patient visit for any symptom
or need, food tray delivery and collection, vital signs
and intake/output checks. Individual nurse of each
shift who cared for the patient carried a pocket
dosimeter which reported 0-1 LSv/shift for the

entire admission.

Conclusions
Having a new inpatient facility, safety concern
was raised when radiation involved. This study
provided assurance of radiation safety for both public
and related health care providers with a hospitalized
patient receiving high dose radioiodine therapy
following standard guidelines from ICRP and OAP

organizations.

In addition. pattern of radiation dose rate in
different locations within the admitted room implied

patient behavior during isolation.
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Abstract

Introduction: We assessed the successful rate after Transarterial chemoembolization (TACE) with
drug eluting beads (DEB; DC bead, Biocompatibles, Surrey, UK) for unresectable hepatocellular
carcinoma (HCC). We also analyzed the factors affecting successful rate of DEB-TACE and its

complications.

Materials and Methods: Of 10 consecutive patients with 13 unresectable HCC, 16 TACE were
performed by using 50 mg Doxorubicin mixed with 300-500 mm DEB. The follow up CT or MRI
4 weeks after procedure was performed to evaluate the successful rate. If residual tumor appeared.

follow-up embolization was performed.

Results: Among 10 patients with 13 HCC, 7 patients with 8 HCC were completely necrotic in single
session without recurrence within 3 month follow-up study. All of them had single arterial feeder and
87.5% had tumor size smaller than 5 cm. The rest were completely necrotic in the 2™ and 3
sessions. Of the 16 procedures, only one had severe complication, 4 had mild complication and
11 had no complication at all.

Conclusion: TACE with DEB had good successful rate for unresectable HCC with mild complication.
Tumor size smaller than 5 cm and single tumor arterial feeder were significant factors affecting

successful rate.
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Introduction

Hepatocellular carcinoma (HCC) in men is the
fifth most frequently diagnosed cancer worldwide
but the second most frequent cause of cancer
death. In women, it is the seventh most commonly
diagnosed cancer and the sixth leading cause of
cancer death'. Approximately three-fourth of cases
occur in Asian countries because of a high preva-
lence of chronic infection with HBV. HCC is
undoubtedly a great health threat in Asian region’.

Transarterial chemoembolization (TACE) is tar-
geted delivery of chemotherapeutic agents, usually
mixed with Lipiodol followed by embolization or
reduction in arterial flow using various types of
particles, while sparing the surrounding liver paren-
chyma®. This combination of highly concentrated
chemotherapy and arterial embolization may induce
highly concentrated chemotherapy and ischemic
damage on the tumor, which is likely to be syner-
gistic in producing tumor necrosis".

To date, TACE is recommended by the
Society of Interventional Radiology (SIR) as a first-
line treatment for patients with inoperable, large/
multifocal HCCs who do not have vascular invasion
or extrahepatic spread. Selective TACE can be
performed in early-stage patients in whom RFA is
difficult to be performed because of tumor location
or medical comorbidities’.

The ideal TACE scheme should allow maxi-
mum and sustained concentration of chemothera-
peutic agents within the tumor with minimal con-
centration of chemotherapeutic agents in peripheral
blood combined with tumoral vessel obstruction®.

Recently, embolic microspheres that have
the ability to sequester doxorubicin hydrochloride
from the solution and release it in a controlled and

sustainable fashion were introduced for intra-arte-

rial injection. The embolization particles are made
from a unique drug-eluting technology i.e., doxoru-
bicin-eluting beads (DEB) (Figure 1), based on a
hydrogel that has modified with sulphonate group.
These allow gradual release of chemotherapy over
time, prolong the contact time between cancer cells
and avoid damage of the hepatic microcirculation.
Selective delivery of the loaded beads into the
feeding arteries leads to vessel occlusion and
ischemia, while doxorubicin is gradually released
locally, leading to tumor necrosis’”.

In this study. the authors presented the

results, including successful rate and complication,

of early experience treating 13 inoperable HCCs in
10 patients using DEB-TACE.

Fig.1 Drug-eluting bead size 300-500 microns.

Material and Methods
Patients
The authors performed a retrospective study-
based analysis of 10 patients with 13 unresectable
HCC, treated with DEB-TACE in a single centre
between January 2010 and June 2011. Following

embolization, all patients had at least one follow-up
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imaging with either multiphase CT or MRI. If
residual tumor appeared, followed TACE was
performed. Diagnosis of HCC was either confirmed
by biopsy or based on radiological findings and
alphafeto protein level according to European
Association for the Study of Liver criteria (EASL
criteria).
Cancer (BCLC) algorithm, TACE is widely accepted

as the standard for allocating treatment in HCC

According to the Barcelona Clinic Liver

patients, consequently the inclusion and exclusion
criteria for DEB-TACE in this study are the same as

for conventional TACE™.

Embolization technique

All procedures were performed by interven-
tional radiologists after patients had given their
informed consents for the procedures. Celiac and
hepatic arterial angiographies were performed prior
to embolization to demonstrate the tumor feeding
arteries, identify variation in the liver arterial supply
and exclude portal venous shunting. The recom-
mended dose range, suggested by the Precision
study, is 25-37.5 mg of doxorubicin per ml of
hydrated beads (50-150 mg/procedure/patient)”"".
In this study, the 2 ml of the 300-500 um DEB were
uploaded with 50 mg doxorubicin (Adriblastina;
Farmitalia, Milan, ltaly) in the vitro an hour and then
aspirated into a syringe filled with non-ionic contrast
medium (concentration 1:3) to ensure smooth
catheter delivery. After selective or superselective
catheterization into the distal portion of the tumor-
feeding subsegmental artery was performed as
selective as possible using 5 Fr diagnostic catheter
(Chuang catheter or Cobra catheter) or 2-3 Fr coaxial
microcatheter (Progreat, Terumo, Tokyo, Japan or

Renegade, Boston Scientific, MA, USA), we slowly

infused the loaded beads under fluoroscopic
guidance. Additional 300-500 ptm DEB could be used
when needed to obtain complete obstruction of the
tumor feeding arteries. Non-target embolization was
avoided by loaded bead injection distal to the origin
of the gastroduodenal, right gastric and cystic
arteries. Any patient in this study was achieved pre-
treatment coil embolization of non-target arteries.
Sluggish flow of the tumor feeding arteries was
suggestive of embolization endpoint. Any adverse
event was evaluated and recorded according to
Society of Interventional Radiology Clinical Practice
Guidelines (SIR). The definition of the major compli-
cation was event that if left untreated might threaten
the patient’s life, lead to substantial morbidity and
disability, or result in hospital admission or sub-
stantially lengthened hospital stay. The rest of the

complications were classified as minor™.

Follow up protocol and outcome evaluation

Assessment of tumor response following DEB-
TACE by multiphase CT or MRI was scheduled 4
weeks following DEB-TACE and every 3 months after
that. If residual viable tumor was depicted, repeated
embolization was performed 2-4 weeks after follow
up imaging. Other optional treatment modalities
(conventional TACE, radiofrequency ablation, surgical
resection) were considered if residual viable tumor
deemed unsuitable for DEB-TACE.

The follow up imaging was classified according
to EASL criteria. The EASL acknowledges “viable
areas” as those that “present enhancement” and
“necrotic areas” as those that “absent enhancement”.
According to the EASL criteria, complete response
(CR) is described as neither viable tumor nor new

lesion demonstrated (Figure 2); partial response (PR)
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when a 50% reduction in viable tumor is depicted
(Figure 3); stable disease (SD) in all other cases
and progressive disease (PD) when either 25% es-

calating viable tumor or new lesion present. Objec-

tive response (OR) comprised both complete and
partial response’. The complications developed within

4 weeks after embolization were considered as pro-

cedure-related complication.

Fig.2 A 74-year old female with single HCC, feed by replaced RHA (A&B). Follow CT for one month showed CR after

the 1° DEB-TACE (C).
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Fig.3 A 70-year-old male with two HCCs

A:  Smaller one has single feeder from MHA.

B:  The larger one feed by MHA & RHA.

C: Two hypervascular masses at right lobe
liver.

D&E: Follow CT after 1 DEB-TACE showed CR
of the smaller one and PR of the larger
one.

F&G: Follow CT after 3 DEB-TACE showed CR

of the larger one with intratumoral air and

sclerosing cholangitis
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Statistical analysis
Fishers exact test was conducted to evaluate
variables in this study. The differences at p <0.05
were considered significant. Statistical analysis was
performed using STATA (StataCorp LP, Texas, USA).

Results
Patients

Table 1 presents baseline characteristics of
10 patients (8 male and 2 female) included in this
study. Seven patients (70%) presented with Child-
Pugh A and 3 (30%) with Child-Pugh B. Seven
patients (70%) had hepatitis, 5 had hepatitis B and
4 had hepatitis C.

Seven of 10 patients (70%) presented with
single tumor while the other three patients had two
tumors each. Total number of the lesions was 13
and the mean tumor diameter was 4.1 cm.

Of these 13 lesions, eight (61.53%) were
smaller than 5 cm and 5 (38.46%) were larger than
5 cm. Eight of them (61.5%) had single feeding
artery.

Procedure

A total of 16 embolization sessions were
performed in 10 patients. Six patients had received
one session, two had received two sessions and
the remaining two had received three sessions. One

patient in this study dropped out after the 1% follow
up.

Tumor response

Of 13 HCCs, eight lesions were completed
after the first session, one lesion after the second
sessions and two lesions after the third sessions.

No recurrence of disease was detected within 3

months after complete response (Table 2).

All eight lesions, which were completely
responsive after the 1st session, had single arterial
feeder (p <0.001). Most of them (87.5%) were smaller
than 5 cm in size (p <0.032).

Adverse effect and complication

Unfortunately, one severe necrotizing pan-
creatitis with a large pancreatic pseudocyst resulting
in treatment-related mortality was detected, which
was probably due to non-targeted embolization.

Mild complication seen as abdominal pain,
which was resolved spontaneously without further
treatment or additional hospital stay, was detected
in four sessions.

The rest of the sessions had no complication.

Disscussion

TACE is an effective option for patients with
inoperable HCC. Survival improvement is due to
the achievement of a treatment response reflected
by extensive tumor necrosis. The high affinity for
doxorubin and the slow-release mechanism are
unique properties of DEB that were not observed
with other commercially available embolization
agents’. DEB-TACE is new tool, achieving major
tumor necrosis and longer duration of the antitu-
moral agent while reducing side effect of the
chemotherapy. Doxorubicin level in the peripheral
blood of DEB TACE was significantly lower than
conventional TACE’.

In this study, the authors depicted good
complete response in 11 lesions (91.66%) and 8 of
these (61.53%) were completely necrotic after the
1% session (Table 2). The number of the embolization
session in the patient treated with DEB-TACE is

slightly lower than conventional TACE'®. Average
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Table 1 Baseline characteristics of 10 patients included in this study.
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Characteristics

Age

Mean

Range
Sex

M

F
Hepatitis
Child Pugh

A

B

66.9
51-80 yrs old

3

Number of lesions

Number longest diameter

Mean

Size < 5 cm

Size > 5 cm

Feeder
Single feeder

13 (1-2)

41 cm
0.5-8.8 cm

8 (61.53%)
5 (38.46%)

8 (61.53%)

Multiple feeders 5 (38.5%)
Procedure per patient 1.6 (1-3)
Procedure per tumor 15 (1-3)

Table 2 Tumor response
Outcome 1* follow up 2™ follow up 3™ follow up
CR 8/13 9/13 11/12
(61.53%) (69.23%) (91.66%)
o PR - 2/17:;1 ”3/13 7 7 0
(15.38%) (23.07%)
SDi 3/13 70 7 1/12
(23.07%) L8;33%) o B
Pﬁ 0 7 0 0
OR 7 o 10/137 12/13 11/12
(76.92%) (92.30%) (91.66%)
Death = 0 =
7Loss FU 7 07 N 771 1
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number of the embolization session in the patient is
approximately 1.6 sessions and this seems to be a
favorable result even though no controlled group of
conventional TACE was performed.

In this study, the lesions were classified into
two groups according to baseline tumor size and
feeding artery. Among the tumors that were smaller
than 5 cm, good complete response after the 1
session was achieved with significant difference as
compared with the lesion larger than 5 cm (p <0.032).
The author also depicted significant difference of
the complete response after the 1 session between

single feeding artery and multiple feeding arteries.

The larger the tumor size, the less possibility of
complete necrosis in one session of embolization
probably explained the reasons supporting these
results. Another possible reason could be collateral

supply from multiple feeding arteries limiting

Table 3 Factor predicting CR in 1* session

Factor p-value
Sex 1.00
Child Pugh 1.00
Hepatitis B 0.592
Hepatitis C 0.105
Tumor size 0.032
Single feeding artery 0.001

Fig.4 A 75-year-old male with HCC

A: Follow CT 1 month after 2" TACE showed PR of the HCC with intratumoral air bubbles.
B&C: A large pancreatic pseudocyst with surrounding inflammation.
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Table 4 Complication Rate

Complication Number Percentage
No 11/16 68.75
Mild 4/16 25
Moderate 0 0
Severe 1/16 6.25

complete necrosis (Table 3).
As with the previous DEB-TACE studies, no
systemic toxicity from Doxorubicin was demonstrated

31 The incidence of serious treatment

in this study
related complication and treatment related death
following conventional TACE has been reported to
be 27.5% and 9.5% respectively®'®. O Nawawi et
al. reported the treatment-related complication and
treatment- related death following DEB-TACE were
212% and 10.5% respectively. The incidence of
the mild complication in this series is 25% per
procedure, representing as abdominal pain. Only
one patient had severe complication, severe necro-
tizing pancreatitis with a large pancreatic pseudocyst,
leading to 10% of treatment-related death (Figure
4) (Table 4). The proposed mechanism of the pan-
creatitis following TACE is inadvertent embolization
through collateral vessels or regurgitation of the
embolic material to non-targeted arteries'”'®. Pro-
phylactic embolization of non-target arteries may
be taken in the cases where superselective injection
is not possible.

The overall limited number of patients included
in this study caused limitation as well as being a
retrospective study and short follow-up. Randomized
controlled trial prospective study should overcome
this limitation.

In conclusion, TACE with DEB had good suc-

cessful rate for inoperable HCC with mild compli-
cation. Tumor size smaller than 5 cm and single
tumor arterial feeder were significant factors

influencing successful rate.
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Case Report

Unusual-presenting Appendicitis Resulted From Hidden
Location : A Case Report
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Abstract

Acute appendicitis is a common clinical problem in emergency department. The clinical diagnosis of
acute appendicitis may be straightforward for patients who present with classic signs and symptoms.
However atypical presentations exist and may lead to diagnosis confusion and treatment delay.
There are various causes of atypical presentations. Anatomic hidden location is one of the causes.
We present a case of unusual-presenting appendicitis resulted from hidden location. It is the post-

ileal typed appendix which only its distal-half is covered by peritoneum.
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Introduction

The diagnosis of acute appendicitis is not
always clear clinically because the classic signs and
symptoms are found about 50%-60% of cases'.
There have been reports of many unusual presen-
tations of acute appendicitis”’. Guidry et al. reported
the anatomical “hidden” locations which caused
acute appendicitis difficult to be diagnosed®. The
hidden locations are including retroperitoneal,
retroileal, and retrocecal/retrocolic positions®. This
report is of a patient with delayed diagnosis of acute
appendicitis because the retroileal-typed appendix
lied partially in intra-peritoneum and partially in

retroperitoneum.

Case Report

A 35-year-old woman presented to outpatient
department because of pelvic pain, vomiting and
low grade fever. She had had dysuria one week
earlier. Physical examination was unremarkable. The
laboratory findings revealed elevated white blood
count (WBC 15,900, N 70%) and microscopic
leucouria (WBC 3-5/HPF, leucocyte 3+). An ultra-
sound of the abdomen as well as transvaginal ultra-
sound were normal. Acute pyelonephritis was
diagnosed and the patient was received intravenous
antibiotic. The fever and vomiting had gone the next
day. She was discharged two days after admission.

One week later, she was re-admitted because
of continuation of the pelvic pain. Physical exami-
nation revealed tenderness and guarding at pelvic
region. Laboratory results showed no leukocytosis
and normal urine analysis. Ultrasound of the
abdomen was normal. A computerized scan of the
abdomen with intravenous contrast media showed
irregular thickening of the appendiceal wall, only at

distal-half which lied deep to the ileum in right sided

pelvic cavity (Fig 1). Additional focused ultrasound
demonstrated normal appearance of the proximal-
half of the appendix while the distal-half was
irregular thickening and hypoechoic wall associated
with periappendiceal fat inflammation (Fig 2).

An appendectomy was performed. Operative
finding revealed marked inflammation and adhesion
over distal-half of the appendix. The appendix was
post-ileal type with its distal-half covered by the
peritoneum. Histologic examination of the appendix
showed acute suppurative appendicitis with peri-
appendicitis. She had uneventful recovery and was
discharged. For the following two weeks, the

patient was asymptomatic.

Discussion
Acute appendicitis is one of the most common
causes of acute abdominal pain that required surgery.
Accurate and prompt diagnosis is essential to
minimized morbidity as major complications can
occur when treatment is delayed. Classic symptoms

of appendix start from poorly localized periumbilical

Fig.1 CECT revealed irregular thickening of distal ap-

pendiceal wall with periappendiceal fat stranding
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Fig.2 Focused ultrasound showed normal proximal ap-
pendix. The distal appendix revealed irregular thick-
ening and hypoechoic wall with periapppendiceal

fat inflammation.

pain, followed by nausea and vomiting. Patients may
be afebrile or have a low-grade fever. Subsequently
the pain migrates to right lower quadrant. Physical
findings vary with time and with the locations of
appendix®’. The classic presentation occurs in only
50%-60% of patients'. Thus atypical presentation
is not uncommon. Among various causes of atypical-
presenting appendicitis, hidden location is one of
these causes’. Atypical presentations may result in
delayed or missed diagnosis as occurred in our
patient.

Position of the appendix has been described
as retrocecal, pelvic, postileal, paracecal/ subcecal
and preileal. Most literature found retrocecal position
is the most common type” *. A few reports presented
pelvic position is more common'® especially in
younger age'. The appendix is reported to be
“hidden” in a retroperitoneal. retroileal. retrocecal or

retrocolic location™. To the best of our knowledge,

there has been no prior report of retroileal-typed
appendix which partially lied in retro-peritoneum.
This could irritate the right ureter and cause urinary
frequency in our patient. However Chin-San et al
found that small amount of WBC in urine (3-5 cells/
HPF) showed no statistical difference between
simple acute appendicitis patients and normal
patients™.

Ultrasound is usually used as a first imaging
modality especially in women of child-bearing age.
The overall accuracy of ultrasound in diagnosis of
acute appendicitis is approximately 80%' and as
high as 94% in the report by Rioux M. The appendix
of our patient is deep retroileal location, resulting in
false negative ultrasound on both admissions.

Helical CT has become a primary imaging
modality in patients with suspected appendicitis

16-21

because of its high accuracy . Coursey CA, et al.
concluded that pre-operative CT in the evaluation
of women under 45 years of age who suspected of
having acute appendicitis is associated with a lower
negative appendectomy rate'’. CT findings in acute
appendicitis are including ; appendiceal enlargement,
appendiceal wall thickening, periappendiceal fat
stranding and appendiceal wall enhancement™.
Omar et al. recommened to use abdominal CT scan

for all patients in whom the diagnosis of acute

appendicitis is considered™.

Conclusion
We present a rare position of the appendix
which is retroileal-type, partly-lied in intra-perito-
neum and partly in retroperitoneum. This hidden
location resulted in unusual presentation and missed
diagnosis initially. CT scan is of diagnostic value is

unusual-presenting appendicitis.
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