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Abstract

The terahertz band lies between the microwave and in-
frared regions of the electromagnetic spectrum. This ra-
diation has very low photon energy and thus it does not
pose any ionization hazard for biological tissues. It is
strongly attenuated by water and very sensitive to water
content. Unique absorption spectra due to intermolecu-
lar vibrations in this region have been found in different
biological materials. These unique features make tera-
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hertz imaging very attractive for medical applications in
order to provide complimentary information to existing
imaging techniques. There has been an increasing inter-
est in terahertz imaging and spectroscopy of biologically
related applications within the last few years and more
and more terahertz spectra are being reported. This
paper introduces terahertz technology and provides a
short review of recent advances in terahertz imaging
and spectroscopy techniques, and a number of applica-
tions such as molecular spectroscopy, tissue character-
ization and skin imaging are discussed.

© 2011 Baishideng. All rights reserved.

Key words: Biomedical; Imaging; Spectroscopy; Tera-
hertz

Peer reviewer: Yicheng Ni, MD, PhD, Professor, Biomedical
Imaging, Interventional Therapy and Contrast Media Research,
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INTRODUCTION

Terahertz (THz, 1 THz = 10" Hz) radiation, also known
as THz waves, THz light, or T-rays, is situated in the fre-
quency regime between optical and electronic techniques.
This regime is typically defined as 0.1-10 THz and has
become a new area for research in physics, chemistry, bi-
ology, materials science and medicine. Experiments with
THz radiation date back to measurements of black body
radiation using a bolometer in the 1890s"”. However,
for a long time, this region remained unexplored due to a
lack of good sources and detectors, and it was commonly

March 28, 2011 | Volume 3 | Issue 3 |



Sun Y et a/. Terahertz pulsed imaging and spectroscopy

referred to as the “THz gap”. In 1975, David Auston at
AT&T Bell Laboratories developed a photoconductive
emitter gated with an optical pulse that led towards bridg-
ing this gap - the ‘Auston switch’ emitted broadband THz
radiation up to 1 mW. A coherent method to detect THz
pulses in the time domain was also proposed”. This be-
came the foundation of THz time-domain spectroscopy
(THz-TDS)™, since then many improvements in the gen-
eration and detection of coherent THz radiation enabled
THz-TDS and imaging techniques to be pioneered for
applications in various fields such as biomedical engineet-
ing, physics, astronomy, security screening, communica-
tions, genetic engineering, pharmaceutical quality control
and medical imaging”. In this paper, THz technology is
introduced and some emerging applications in biology
and medicine including molecular spectroscopy, tissue
characterization and skin imaging are presented.

The aim of this article is to review the potential of
THz pulsed imaging and spectroscopy as a promising
diagnostic method. Several unique features make THz
very suitable for medical applications. (1) THz radiation
has very low photon energy, which is insufficient to cause
chemical damage to molecules, or knock particles out
of atoms. Thus, it will not cause harmful ionization in
biological tissues; this makes it very attractive for medical
applications; (2) THz radiation is very sensitive to polar
substances, such as water and hydration state. For this
reason, THz waves can provide a better contrast for soft
tissues than X-rays; (3) THz-TDS techniques use coher-
ent detection to record the THz wave’s temporal electric
fields, which means both the amplitude and phase of the
THz wave can be obtained simultaneously. The temporal
waveforms can be further Fourier transformed to give the
spectra. This allows precise measurements of the refrac-
tive index and absorption coefficient of samples without
resorting to the Kramers-Kronig relations; and (4) The
energy of rotational and vibrational transitions of mole-
cules lies in the THz region and intermolecular vibrations
such as hydrogen bonds exhibit different spectral charac-
teristics in the THz range. These unique spectral features
can be used to distinguish between different materials or
even isomers.

PRINCIPLES OF THZ PULSED IMAGING
AND SPECTROSCOPY

THz systems

Over the past two decades, technology for generating and
detecting THz radiation has advanced considerably. Sever-
al commercialized systems are now available"” and THz
systems have been set up by many groups all over the
wotld. According to the laser source used, THz systems
can be divided into two general classes: continuous wave
(CW) and pulsed.

A typical CW system can produce a single fixed fre-
quency or several discrete frequency outputs. Some of
them can be tunable. Generation of CW THz radiation
can be achieved by approaches such as photomixing[“],
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Figure 1 Schematic illustration of a continuous wave THz imaging system
in transmission geometry.

Vitesse
femtosecond
pulsed laser
Delay stage
Photoconductive Photoconductive
i detector ' emitter
Probe - -
beam
‘g
TN < Pump beam ‘4l

Figure 2 Schematic illustration of a pulsed THz imaging system with re-
flection geometry.

[12 [13]

free-electron lasers'” and quantum cascade lasers
Figure 1 illustrates a CW THz system which photomixes
two CW lasers in a photoconductor as an example[14]. The
mixing of two above-bandgap (visible or near-infrared)
wavelengths produces beating, which can modulate the
conductance of a photoconductive switch at the THz
difference frequency. The photomixing device is labeled
“emitter” in Figure 1. Since the source spectrum of the
CW system is narrow and sometimes only the intensity
information is of interest, the data structures and post-
processing are relatively simple. It is possible now to
drive a whole CW system by laser diodes and thus it can
be made compact and inexpensive. However, due to the
limited information that CW systems provide, they are
sometimes confined to those applications where only fea-
tures at some specific frequencies are of interest.

In pulsed systems, broadband emission up to several
THz can be achieved. Curtently, there ate a number of
ways to generate and detect pulsed THz radiation, such
as ultrafast switching of photoconductive antennas'”, rec-
tification of optical pulses in crystals“SJ, rapid screening
of the surface field vz photoexcitation of dense electron
1 and cartier tunneling in
coupled double quantum well structures' . Among them,
the most established approaches based on photoconduc-
tive antennas, where an expensive femtosecond laser is
required and configured as shown in Figure 2. Unlike CW
THz imaging system, coherent detection in pulsed THz
imaging techniques can record THz waves in the time do-

hole plasma in semiconductors

March 28, 2011 | Volume 3 | Issue 3 |



B oy

Rotations

—/ \"v" = H-bonds

«\~.

H-bonds

< =P
e, "-.ﬂ_',\mi
eu.
Vlb,. al‘ion

Biomolecule

Figure 3 Schematic representation of H-bond interactions between water
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main, including both the intensity and phase information,
which can be further used to obtain more details of the
target such as spectral and depth information"”. This key
advantage lends coherent THz imaging to a wider range
of applications.

Molecular interactions in the THz regime

There has been an increased interest in understanding the
interactions between molecules and THz radiation. Many
of the intricate interactions on a molecular level rely on
changes in biomolecular conformation of the basic units
of proteins such as @ helices and {3 sheets. In recent years,
dynamic signatures of the THz frequency vibrations in
RNA and DNA strands have been characterized"”"
Furthermore, studies of water molecule interactions with
proteins have attracted significant research interest™. In
a protein-water network, the protein’s structure and dy-
namics are affected by the surrounding water which is
called biological water, or hydration water. As illustrated
in Figure 3, hydrogen bonds, which are weak attractive
forces, form between the hydrated water molecules and
the side chains of protein. These affect the dynamic relax-
ation propetties of protein and enable distinction between
the hydration water layer and bulk water. The remarkable
effects of the hydrogen bonds associated with the inter-
molecular information are able to be detected using THz
spectroscopy. THz spectra contain information about in-
termolecular modes as well as intra-molecular bonds and
thus usually carry more structural information than vibra-
tions in the mid-infrared spectral region which tend to be
dominated by intra-molecular vibrations.

Unique advantages and challenges for biomedical
applications

The energy level of 1 THz is only about 4.14 meV (which
is much less than the energy of X-rays 0.12 to 120 keV),
it therefore does not pose an ionization hazard as in X-ray

K
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radiation. Research into safe levels of exposure has also
been carried out through studies on keratinocyteslZZJ and
blood leukocytes™*!
detectable alterations. This non-ionizing nature is a cru-
cial property that lends THz techniques to medical ap-
plications.

The fundamental period of THz-frequency electro-
magnetic radiation is around 1ps, and so it is uniquely
suited to investigate biological systems with mechanisms
at picosecond timescales. The energy levels of THz light
are very low, therefore damage to cells or tissue should
be limited to generalized thermal effects, i.e. strong reso-
nant absorption seems unlikely. From a spectroscopy
standpoint, biologically important collective modes of
proteins vibrate at THz frequencies, in addition, frustrated
rotations and collective modes cause polar liquids (such
as water) to absorb at THz frequencies. Many organic
substances have characteristic absorption spectra in this
frequency rangelzs’zq enabling research into THz spectros-
copy for biomedical applications.

THz wavelengths have a diffraction limited spot size
consistent with the resolution of a 1990’s vintage laser
printer (1.220 = 170 um at 2.160 THz or 150 dots/in).
At 1 THz, the resolution could be as good as a decent
computer monitor (70 dots/in). Submillimeter-wavelength
means that THz signals pass through tissue with only Mie
or Tyndall scattering (proportional to /) rather than much
stronger Rayleigh scattering (proportional to f) that domi-
nates in the IR and optical since cell size is less than the
wavelength.

Since most tissues are immersed in, dominated by, or
preserved in polar liquids, the exceptionally high absorp-
tion losses at THz frequencies make penetration through
biological materials of any substantial thickness infeasible.
However, the same high absorption coefficient that limits
penetration in tissue also promotes extreme contrast be-
tween substances with lesser or higher degrees of water
content which can help to show distinctive contrast in
medical imaging.

, neither of which has revealed any

IMAGING VS SPECTROSCOPY
THz pulsed imaging

Early applications of THz technology were confined
mostly to space science’””’ and molecular spectroscopy ™,
but interest in biomedical applications has been increasing
since the first introduction of THz pulsed imaging (TPI)
in 1995 by Hu and Nuss"™. Their THz images of porcine
tissue demonstrated a contrast between muscle and fats.
This initial study promoted later research on the application
of THz imaging to other biological samples. THz pulsed
imaging actually can be viewed as an extension of the THz-
TDS method. In addition to providing valuable spectral
information, 2D images can be obtained with THz-TDS by
spatial scanning of either the THz beam or the object itself.
In this way, geometrical images of the sample can be pro-
duced to reveal its inner structures” . Thus, it is possible to
obtain three-dimensional views of a layered structure.

March 28, 2011 | Volume 3 | Issue 3 |
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Figure 4 Typical terahertz pulse and corresponding spectrum. A: Temporal
waveform of a sample (drawn by raw data with the inset representing its cor-
responding processed data after deconvolution with a reference measurement);
B: The corresponding spectrum of the raw data with the noise floor (indicated
by dashed line).

When a THz pulse is incident on such a target, a train
of pulses will be reflected back from the various inter-
faces. For each individual pulse in the detected signal, the
amplitude and timing are different and can be measured
precisely. The principle of time of flight technique is to
estimate the depth information of the internal dielectric
profiles of the target through the time that is required to
travel over a certain distance. This permits looking into
the inside of optically opaque material and it has been
used for THz 3D imaging. Among the earliest demon-
strations of THz 3D imaging, Mittleman ¢ a/’" imaged
a conventional floppy disk. In their work the various
parts inside the disk were identified and the discontinu-
ous refractive index profile was derived. This method was
further extended into THz reflection computed tomog-
raphy™* where the target was rotated to provide back
reflection from different angles. In a similar way to X-ray
CT imaging, the filtered back projection algorithm was
applied to reconstruct the edge map of the target’s cross-
section. With advances in interactive publishing, Wallace
et al™ highlighted the ability of 3-D THz imaging in a
number of niche applications. For example they were
able to resolve two layers of drugs beneath the protective
coating of a pharmaceutical tablet.

THz spectroscopy
THz spectroscopy is typically done with a single point
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measurement (with transmission geometry in most cases)
of a homogenous sample and the resulting THz electric
field can be recorded as a function of time. Thus, it can
be Fourier transformed to offer meaningful spectroscopic
information due to the broadband nature of pulsed THz
radiation, shown in Figure 4. Although the spectral resolu-
tion is not as good as that with narrowband techniques,
coherent detection of THz-TDS can provide both high
sensitivity and time-resolved phase information™. This
spectroscopic technique is primarily used to probe mate-
rial properties and it is helpful to see where it lies in the
electromagnetic spectrum in relation to atomic and mo-
lecular transitions.

THz spectroscopy is complementary to THz imaging
and is primarily used to determine optical properties in
the frequency domain. Since THz pulses are created and
detected using short pulsed visible lasers with pulse widths
varying from approximately 200 fs down to approximately
10 fs, it is now possible to make time resolved far-infrared
studies with sub-picosecond temporal resolution™. This
was not achievable with conventional far-infrared studies.
An important aspect of THz time-domain spectroscopy
is that both the phase and amplitude of the spectral com-
ponents of the pulse are determined. The amplitude and
phase are directly related to the absorption coefficient and
refractive index of a sample and thus the complex permit-
tivity is obtained without requiting Kramers-Kronig analy-
sis. Furthermore, another advantage of THz spectroscopy
is that it is able to non-destructively detect differences
because it uses radiation of sufficiently long wavelength
and low energy that does not induce any phase changes or
photochemical reactions to living organisms.

BIOLOGICAL APPLICATIONS

Pharmaceuticals

There has been a strong drive in the pharmaceutical in-
dustry for comprehensive quality assurance monitoring;
This motivates development of new tools providing use-
ful analysis of tablet formulations. The ability of THz
technology to determine both spectral and structural
information has fuelled interest in the pharmaceutical
applications of this technique”™. For example THz spec-
troscopy has been employed for polymorph identification
and quantiﬁcationps], phase transition monitoring[”], and
distinguishing between behaviors of hydrated forms'*’.
THz radiation can penetrate through plastic packag-
ing materials. To illustrate this we give an example using
Maalox PlusTM - an over the counter medicine for stom-
ach upsets. Each tablet has “Rorer” engraved on one side
and “Maalox Plus” on the other side. Figure 5A contains
a photo of a tablet in its packaging as well as a THz image
taken after removing it from the packaging - the engraved
lettering is clearly seen in the THz image. Figure 5C is a
THz image of the tablet taken through the packaging - we
can still see the lettering on the surface of the tablet. The
cross-section of the tablet is better conveyed by an image
of the depth profile. THz pulses are reflected first off the
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Figure 5 Terahertz imaging of the tablet. A: Photograph of the tablet in the plastic package and THz C-Scan section imaging without the packaging; B: THz B-Scan
image shows the structure of the cross-section of the tablet and the THz light paths at the edge of the tablet (path a) and the centre (path b); C: THz C-Scan image
shows the tablet face inside the plastic package; D: THz deconvolved waveforms in the time-domain reflected from the paths a and b in Figure 5B.

front surface of the package and then from any subsurface
structure within it resulting in multiple pulses returning to
the detector. The dashed arrows in Figure 5B mark out
the THz light paths at the edge of the tablet (path A) and
the center (path B). In path A the beveled edge means that
there is an air gap between the packaging and the tablet
and this corresponds to a greater optical delay between the
reflected peaks in the waveforms illustrated in Figure 5D.
Thus, THz imaging has non-destructively revealed the
structure of the tablet through the packaging

Protein spectroscopy

Towards the higher frequency end of the THz range (from
about 1 THz and above) there are vibrational modes cor-
responding to protein tertiary structural motion; such
intermolecular interactions are present in many biomol-
ecules. Other molecular properties that can be probed in
the THz range include bulk dielectric relaxation modes""
and phonon modes™ these can be difficult to probe us-
ing other techniques. For instance nuclear magnetic reso-
nance (NMR) spectroscopy can determine the presence
of various carbon bonds, but it cannot be used to distin-
guish between molecules with the same molecular formu-
la, but with different structural forms (isomers)"". THz
spectroscopy is able to distinguish between isomers and
polymorphsm] and is therefore emerging as an important
and highly sensitive tool to determine biomolecular struc-
ture and dynamics™*. Indeed THz spectroscopy can
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distinguish between two types of artificial RNA strands
when measured in dehydrated form™”. Furthermore,
Fischer ¢t a/*”" demonstrated that even when the molecu-
lar structure differs only in the orientation of a single hy-
droxyl group with respect to the ring plane, a pronounced
difference in the THz spectra is observed. Intermolecular
interactions are present in all biomolecules, and since bio-
molecules are the fundamental components of biological
samples, they can be used to provide a natural source of
image contrast in biomedical THz imaging'”.
Biomolecules, especially proteins, which play an es-
sential structural and catalytic role in cells and tissues, often
require an aqueous phase in order to be transported to their
target sites. In the protein-water system, the characteristic
water structure induced near the surfaces of proteins arises
not only through hydrogen bonding of the water molecules
to available proton donor and proton acceptor sites, but
also through electrostatic forces associated with the water
molecule that arise from its large electric dipole moment.
If an electric field is applied to such a system of protein-
associated watet, there will be a torque exerted on each wa-
ter dipole moment inducing them to attempt to align along
the direction of the field vector. The dielectric spectrum
has been widely used to describe the interaction between
protein and its solvent molecule in THz frequency™. A
dielectric otientational relaxation time t can then be defined
as the time required for 1/¢ of the field-oriented water
molecules to become randomly reoriented on removing
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Figure 6 Dielectric constant spectra (A) and dielectric loss spectra (B) of
water/ glycerol mix (black line with circles), peroxidase conjugated IgG
(red line with triangles) and the fluorescein conjugated IgG (green line
with crosses) dissolved in the water/glycerol solution at the concentration
of 0.8 mg/mL in the frequency range of 0.1-1.3 THz. PX: Peroxidase conju-
gated; FITC: Fluorescein conjugated.

the applied field. Measurements may be analyzed in terms
of the complex dielectric constant g(w) (where @ denotes
angular frequency) or the complex refractive index 7(w).
The degree of orientational polarization and the rate of
reorientational relaxation depend on how the water dipoles
are influenced by local electrostatic forces and the extent
to which the breaking and/or reforming of local hydrogen
bonds is required to accommodate the changes in orienta-
tion. Relaxations of polar side-groups, vibrations of the
polypeptide backbone, and fluctuating proton transfer
between ionized side-groups of the protein also contribute
to the overall polarizability of the protein-water system.
If dielectric measurements are made on protein solutions,
then orientational relaxations of the protein molecule itself
will also be observed"™”. Figure 6 shows that the vibration
mode of two types of labeled antibodies (peroxidase con-
jugated IgG and the fluorescein conjugated IgG) can be
distinguished at 0.76 and 1.18 THz using the THz dielectric
spectrum. By investigating the concentration dependence
of the spectra it is also possible to obtain an estimate of the
hydration shell thickness around the protein molecules”".

MEDICAL APPLICATIONS

Tissue characterization
There is also interest in tissue contrast for 7 vivo and ex vivo

(49

3ni§l:ﬂ£ng® WJR | www.wjgnet.com

60

identification of abnormalities, hydration, and subdet-
mal probing. Only a small number of measurements
have been made to date, and systematic investigations to
catalogue absorption coefficients, refractive indices and
contrast mechanisms are just beginning to accumulate.
Measurements on the absorption and refractive index of
biological materials in the THz region go back at least to
1976, Several research groups have investigated excised
and fixed tissue samples, either alcohol perfused[sl, forma-
lin fixed”™", or freeze dried and wax mounted™” looking
for inherent contrast to define unique modalities. One of
the first applications on human ex vivo wet tissue involved
imaging of excised basal cell carcinoma™ . In vivo work
has focused on the skin®" and accessible external surfaces
of the body for measuring hydrationlbZJ and tumor infiltra-
tion™. A catalogue of unfixed tissue properties (including
blood constituents) was compiled by the University of
Leeds, UK for frequencies between 500-1500 GHz us-
ing a pulsed time-domain system. Difficulties in extrapo-
lating measurements on excised tissue to i vivo results
are numerous and include for example uptake of saline
from the sample storage environment, changes in hydra-
tion level during measurement, temperature-dependent
loss, measurement chamber interactions, and scattering
effects. In our previous work'™, we performed reflec-
tion geometry spectroscopy to investigate the properties
of several types of healthy organ tissues, including liver,
kidney, heart muscle, leg muscle, pancreas and abdominal
fat tissues using THz pulsed imaging. The frequency de-
pendent refractive index and the absorption coefficient of
the tissues are shown in Figure 7. All the results are the
mean values of the ten samples and error bars represent
the 95% confidence intervals. We found clear differences
between the tissue properties, particulatly the absorption
coefficient. Since fatty tissue largely consists of hydrocat-
bon chains and relatively few polar molecules, the absorp-
tion coefficient and refractive index of the fatty tissue are
much lower that those of the kidney and liver tissues.

We have also investigated the optical properties of
fresh and formalin fixed samples in the THz frequency
range using THz reflection spectroscopy®’. As seen in
Figure 8A, when the fixing time increased the waveform
amplitude of the adipose tissue also increased. This was
primarily because the refractive index of the adipose tis-
sue was decreasing over the majority of the bandwidth
(due to the fixing) and this meant there was a greater
difference between the refractive index of the quartz (»
approximately 2.1) and that of the adipose tissue (e.g. 1.5
at 1 THz when fixed compared to 1.6 when it was fresh).
From Fresnel theory, this increased difference in refractive
indices resulted in a greater reflected amplitude. As the
fixing time increased for the muscle, three main changes
were apparent. A small peak started to appear preceding
the trough and the width and magnitude of the trough
decreased (Figure 8B). These changes can also be ex-
plained by considering the effects of the formalin on the
refractive index and absorption coefficient of the muscle.
For the muscle, the formalin significantly reduced both
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Figure 7 Tissue characterization using THz spectroscopy. A: Mean absorption coefficients of kidney, liver and abdominal fat; B: Mean refractive indices of all the

tissue samples. Error bars represent 95% confidence intervals.

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0.00

-0.01 L L L |
16.0 16.5 17.0 17.5 18.0

Optical delay (ps)

A B

Fresh fat
-~ Fixed fat (24 h)
«sseses Fixed fat (48 h)
——— Fixed fat (72 h)

Amplitude (a.u.)
Amplitude (a.u.)

3.3

Bulk water
—— Fresh muscle
—— Fresh fat

3.0
2.7
2.4

2.1

Refractive index
Refractive index

1.8

1.5

1.2 1 1 1 1 1
0.1 0.3 0.5 0.7 0.9

Frequency (THz)

0.03
Fresh muscle
G T o musde (38
0.01 |- ~——— Fixed muscle (72 h)
0.00 -
-0.01
-0.02 -
-0.03 -
-0.04 -
-0.05 -
-0.06 . . . . . : : !
155 16.0 16.5 17.0 175 18.0 18.5 19.0 19.5
Optical delay (ps)
33
Fixed muscle

3.0 - —— Fixed fat

27

0.1 0.3 0.5 0.7 0.9 1.1

Frequency (THz)

Figure 8 The deconvolved mean waveforms for adipose tissue (A) and skeletal muscle (B) as the fixing time progressed and the mean refractive index for
fresh (C) and fixed samples (D) of adipose tissue and skeletal muscle. The dot-dash line indicates the refractive index of the quartz window on which the sample
was measured. Error bars represent 95% Cl. The water data were acquired in transmission and the error bars are too small to be seen on this graph.

the refractive index and the absorption coefficient. Before
fixing, the refractive index of the fresh muscle was greater
than that of quartz over the whole of the frequency range
measured (Figure 8C). The fixing reduced the refractive
index so much that the refractive index became lower than
that of quartz at higher frequencies (Figure 8D) and this
was the cause for the small peak which appeared (arrow in
Figure 8B) and increased as the fixing time was increased.

Skin cancer, breast tumors and dental caries
Due to the low penetration depth of THz in biological
tissues, THz biomedical applications investigated to date
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have been limited to easily accessible parts of the body,
such as skin and teeth, or those that would benefit from
intra-operative imaging such as breast cancer. Figure 9 is a
photograph of the reflection geometry THz probe from
TeraView Ltd. which we use in Hong Kong;

One potential application of THz imaging is the diag-
nosis of skin cancer. Work by Woodward ez 2/*” has dem-
onstrated the potential to use THz imaging to determine
regions of skin cancer non-invasively using a reflection
geometry imaging system. The first ex »/v0 measurements
on skin cancer revealing the ability of TPI to differentiate
basal cell carcinoma (BCC) from normal skin were pro-
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Figure 9 Photograph of the THz hand-held probe.

+

Incident
THz pulse
Detected pulse

0

Figure 10 Schematic representation of the THz reflections from enamel.
Reflection 1 is the reflection from the surface of the enamel and reflection 2 is
the reflection from within the enamel due to tooth decay causing mineral loss.

duced by Woodward ez al™”.

Breast-conserving surgery is also an area of medicine
which may benefit from THz imaging. Fitzgerald ez a/”
conducted ex vivo studies of breast cancer to investigate the
potential of THz imaging to aid the removal of breast can-
cer intra-operatively. In particular, they studied the feasibil-
ity of THz pulsed imaging to map the tumor margins on
freshly excised human breast tissue. Good correlation was
found for the area and shape of tumor in the THz images
compared with that of histology. They also performed a
spectroscopy study comparing the THz optical properties
(absorption coefficient and refractive index) of the excised
normal breast tissue and breast tumor. Both the absorption
coefficient and refractive index were higher for tissue that
contained tumor and this is a very positive indication that
THz imaging could be used to detect margins of tumor
and provide complementary information to techniques
such as infrared and optical imaging, thermography, electri-
cal impedance, and magnetic resonance imaging[“m.

Since in vivo THz imaging is currently limited to sur-
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Figure 11 Measured pulses from the palm. The blue line is the measurement
of the palm through a tegaderm plaster and the red dotted line is the measure-
ment of the palm alone. In both cases, two troughs are seen - they are the
reflections from the top and bottom surfaces of the stratum corneum.

face features, another potential application of THz imag-
ing is the diagnosis of dental caries'™. Figure 10 is a
schematic diagram of a THz reflection from the outer
layer of enamel. Caries are a result of mineral loss from
enamel, and this causes a change in refractive index within
the enamel. The change in refractive index means that
small lesions, smaller than those detected by the naked
eye, can be detected”. However, in practice THz imag-
ing systems ate large and cumbersome - even structures
as obvious as teeth can make a challenging target. In this
respect THz imaging is still some way off offering a non-
ionizing alternative to X-rays in dentistry.

Burn depth diagnosis

Since THz waves can penetrate several hundreds of mi-
crons into the skin and most burn injuries are superficial,
this opens up the possibility of employing THz tech-
niques for burn assessment’ . The waveforms and optical
parameters of the burn wounds were investigated and
THz images have shown contrast between burn-damaged
tissue and healthy tissue. Their results indicate that THz
imaging may be promising in evaluating skin burn sever-
ity, especially for characterizing burn areas. Moreover, the
time of flight technique is able to reveal the depth profile
thus could be used to evaluate burn depth.

The potential of THz imaging as a burn diagnostic
has been demonstrated using chicken breast. It is also
conceivable that THz imaging could be of use in moni-
toring treatment of skin conditions (like psoriasis), since
THz imaging is cheaper than MRI and does not require a
coupling gel like ultrasound'”.

THz light can penetrate many materials: we have in-
vestigated whether it can resolve skin layers beneath a
Tegaderm® plaster as this would also be of benefit in
monitoring burn wounds. Normal skin comprises three
different layers: the stratum corneum, epidermis, and
dermis. The stratum corneum on the palm of the hand
is 100-200 um thick and thus has been resolved in previ-
ous 7 vivo skin studies. We placed the plaster on the palm
of the hand and the resulting THz reflected waveform
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Figure 12 In vivo measurement of the variation in stratum corneum
thickness of the palm. A: Photograph of the palm, indicating where the THz
measurements were taken; B: A b-scan image showing the variation in stratum
corneum thickness with palm position. The white dashed line indicates the
interface between the quartz window and the stratum corneum; and the black
dashed line indicates the interface between the stratum corneum and the epi-
dermis. The grey bar represents the ratio of the electric field at a given optical
delay, t, over the maximum electric field [E(t)/Emax].

is shown in Figure 11. For comparison the measurement
of the palm alone is also plotted. In the figure, there are 2
troughs, which correspond to the top and bottom surface
of the stratum corneum. The optical delay between them
can be used to calculate the thickness of this layer. These
results show that THz light is able to penectrate through
wound dressings with only slight attenuation to reveal
the skin depth information. This therefore indicates that
THz imaging is likely to be able to detect and measure
changes to the stratum corneum and epidermis which
could for example, be caused by burns. To illustrate how
sensitive THz imaging is to the stratum corneum, we have
also imaged the side of a healthy hand. As the position
of the measurement changes, as indicated by the arrow in
Figure 12A, the optical delay between the reflections from
the top and bottom of the stratum corneum increases. This
is because the stratum corneum is thicker at the tip of the
arrow than at the arrow foot. By plotting the reflected am-
plitude intensity against position we obtain the depth pro-
file image of the palm in Figure 12B. By using frequency
and wavelet domain deconvolution we are able to resolve
thinner layers of skin than if basic deconvolution is used™.,
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COMPARISON WITH OTHER
TECHNOLOGIES

Numerous groups have investigated direct transmission
or reflection THz imaging as a means of distinguish-
ing tissue types”™>"™ and recognizing diseases including
tumors penetrating below the surface layers of skin or
into organs™™*". Although progress is being made, the
competition from other more developed imaging modali-
ties is fierce. Optical coherence tomography, ultrasound,
neat-IR, and Raman spectroscopy, MRI, positron emis-
sion tomography, iz situ confocal microscopy, and X-ray
techniques have all received much more attention and
currently offer enhanced resolution, greater penetration,
higher acquisition speeds, and specifically targeted con-
trast mechanisms. This does not preclude THz imaging
from finding a niche in this barrage of already favorable
modalities. There is still no technique that can readily dis-
tinguish benign from malignant lesions macroscopically
at the surface or subdermally. The sensitivity of THz sig-
nals to skin moisture, which is often a key indictor, is very
high, and competing techniques such as high-resolution
MRI are less convenient and more costly.

The resolution of ordinary THz imaging is diffraction
limited, however, its high sensitivity to water content and
great surface imaging capability provide motivation for fur-
ther development and sub-wavelength resolution has been
achieved in near-field studies””. Indeed shallow subsurface
images can be very revealing and the first few hundred
micrometers are hard to image with other modalities. The
high sensitivity of THz radiation to fluid composition and
the variable conductivity in tissue”” is likely to lead to sta-
tistically significant differences between nominally identical
samples taken at different locations in the body at different
times or from different subjects. This may ultimately prove
advantageous; however, in the short term, it will tend to
mask sought for differences that are indicative of diseases.

CONCLUSION

THz imaging is still in its eatly stage of development, but
as this paper has shown, has great potential to be a valu-
able imaging technique in the future. In the past decade,
THz imaging applications in biomedical fields have drawn
extensive interest and advancements in imaging methods
and theoretical analysis continue to enable further applica-
tions to be investigated.
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Abstract

New highly conformal irradiation modalities have emerged
for treatment of Hodgkin lymphoma. Helical Tomotherapy
offers both intensity-modulated irradiation and accurate
patient positioning and was shown to significantly de-
crease radiation doses to the critical organs. Here we re-
view some of the most promising applications of helical
tomotherapy in Hodgkin disease. By decreasing doses to
the heart or the breast, helical tomotherapy might de-
crease the risk of long-term cardiac toxicity or second-
ary breast cancers, which are major concerns in patients
receiving chest radiotherapy. Other strategies, such as
debulking radiotherapy prior to stem cell transplantation
or total lymphoid irradiation may be clinically relevant.
However, helical tomotherapy may also increase the vol-
ume of tissues that receive lower doses, which has been
implicated in the carcinogenesis process. Prospective
assessments of these new irradiation modalities of heli-
cal tomotherapy are required to confirm the potential
benefits of highly conformal therapies applied to hema-
tological malignancies.
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INTRODUCTION

Radiation therapy still plays a major role in the manage-
ment of hematological malignancies. Its place and modali-
ties for treatment of lymphoma have evolved over recent
decades. First, randomized studies supported reduction
of field size and dose radiation in treatment programs for
Hodgkin disease!’. These developments were encouraged
by reports that mediastinal radiotherapy was associated
with cardiac toxicity and second malignancies, particularly
when chemotherapy agents were used concomitantly or
sequentially. Second, sophisticated imaging technologies
and new radiation delivery techniques have become avail-
able™. With the recent advances in irradiation devices, new
intensity modulated irradiation modalities have emerged.
Those offer both increased target dose conformality and
improved normal tissue avoidance. Helical tomotherapy
combines inversely planned intensity modulated radio-
therapy (IMRT) with on-board megavoltage imaging
devices'. In this way, it has become possible to tailor very
sharp dose distributions around the target volumes, close
to critical organs'”. Tt has emerged as one of the most
promising techniques for IMRT delivery.

Here we summarize some of the most promising ap-
plications of helical tomotherapy in patients with hema-
tological malignancies.

CLINICAL APPLICATIONS

For lymphoma irradiation, it is now the standard of care
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to use involved-field radiotherapy rather than the extend-
ed radiation fields of the pastm. In this setting of volume
reduction, implementation of new strategies aimed at
further improving target coverage is promising. Helical
tomotherapy combines inversely planned IMRT with
on-board megavoltage imaging devices”. In this way, it
has become possible to tailor very sharp dose distribu-
tions around the target volumes, close to critical organs.
Improving dose conformality around the volumes has
become an important end-point for radiation oncologists.
Dosimetric results from planning studies of helical to-
motherapy have demonstrated its ability in better sparing
critical organs from irradiation, in comparison with more
conventional irradiation modalities. Helical tomotherapy
was shown to provide similar target coverage, and to
improve both dose conformality and dose homogene-
ity within the target volume. This modern irradiation
device allows accurate repositioning and critical organs
visualization. Tomita e a/" compared radiation treatment
plans that used IMRT with helical tomotherapy or three-
dimensional conformal radiation therapy for nasal natu-
ral killer/T-cell lymphoma. Authors found that IMRT
achieved significantly better coverage of the planning
target volume (PTV), with more than 99% of the PTV
receiving 90% of the prescribed dose, whereas 3D-CRT
could not provide adequate coverage of the PTV, with
only 90.0% receiving 90% (P < 0.0001). These results
and others demonstrated that helical tomotherapy could
significantly improve target coverage when the PTV was
close to critical organs.

Prospective data with long-term follow-up evidenced
that heart dose exposure may cause cardiac disease and
adversely affect quality of life, particularly in young pa-
tients with mediastinal radiotherapy for Hodgkin lym-
phoma. Hudson ez al” assessed the impact of treatment
toxicity on long-term survival in pediatric Hodgkin’s
disease, and reported an excess mortality from cardiac dis-
ease in survivors of pediatric Hodgkin’s disease (22, 95%
CI: 8-48), compared with age- and sex-matched control
populations. Cardiac irradiation contributes to this excess
of risk". Recent data reported that helical tomotherapy
could decrease radiation dose exposure for breasts, lung,
heart and thyroid gland in patients treated for advanced
Hodgkin’s disease”.

Since radiation-induced cardiovascular pathology
is a major concern in patients undergoing therapeutic
chest irradiation, helical tomotherapy has been logically
investigated for improving heart avoidance. The physio-
pathology and manifestations of radiation-induced heart
disease may considerably vary according to the dose,
volume and technique of irradiation, and every effort
should be made to avoid irradiating cardiac structures',
In this way, it will be possible to substantially decrease
the risk of death from ischemic heart disease associated
with radiation, which is particulatly significant in patients
receiving other cardiotoxic agents, such as anthracyclines.
Actually, helical tomotherapy also allows treatments
that would be difficult for conventional radiotherapy
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machines to deliver, such as treating mediastinal lymph
nodes!"". Figure 1 shows the distribution dose during ra-
diotherapy of a patient who was diagnosed with multiple
pleural and mediastinal locations from lymphoma. Dose-
volumes histograms evidence accurate sparing of some
organs at risk, with the possibility to treat multiple targets
simultaneously.

Several other promising applications for helical tomo-
therapy have emerged. These strategies include treatment
of patients who are at high risk of radiation-induced tox-
icity because of individual susceptibility, such as patients
with acquired irnmunodeﬁciency[m. Helical tomotherapy
could also be used for decreasing the doses to critical
structures in patients treated with concurrent targeted
agents, which might potentially increase the risk of side
effects'”. Moreover, it permits re-irradiation of relapsed
disease, a setting that considerably increases the risk of
consequent delayed toxicity. Introducing helical tomo-
therapy to the field of lymphoma may also provide safer
and more accurate radiotherapy to selected patients with
bulky residual disease!". We previously reported the feasi-
bility of helical tomotherapy to decrease the acute toxic-
ity of debulking irradiation before allograft in patients
with refractory lymphoma. In other malignancies, our
retrospective data in patients with solitary plasmocytoma
demonstrated that doses to critical organs, including the
heart, lungs, or kidneys could be decreased"!. This may
be clinically relevant in heavily pretreated patients who
are at risk for subsequent treatment-related cardiac toxic-
ity. High response rates were also reported and encour-
aged further prospective assessment, and most patients
experienced a complete response prior to stem cell al-
lograft.

An increased risk of secondary malignancies has been
reported after radiotherapy for lymphoma. In particular,
young patients have a high risk of developing breast can-
cer in their life after mediastinal radiotherapy for a lym-
phoma[l5]. The improved outcome among patients with
Hodgkin’s lymphoma has been associated with increased
incidence of second malignancies. This risk becomes
significantly elevated 5 to 10 years after irradiation for
Hodgkin lymphoma*'™ and the incidence of breast can-
cer has been reported to increase by a factor of 4.3 (95%
CI: 2.0-8.4) for patients treated with mantle irradiation"”
Koh et al"” quantified the reduction in radiation dose to
normal tissues and modeled the reduction in second-
ary breast cancer risk, and suggested significant relative
risk reduction for second cancers with involved field
radiotherapy. While the dose response for radiation dose
above 10 Gy remains uncertain, carcinogenesis after radi-
ation is exacerbated by the large dose gradient across the
breast and treatment field positionm. Although helical
tomotherapy might significantly decrease high doses de-
livered to the breast, it increases the volume that receives
lower doses, which has also been implicated in the carci-
nogenesis process. For that reason, intensity-modulated
irradiation should not be delivered in children outside of
a clinical trial.

March 28, 2011 | Volume 3 | Issue 3 |



Kirova YM et a/. Modern radiotherapy of lymphomas

Prescription Dose Display : r-Patient Images
@ % Vol For [PTV 30 Gy ¥ | 950 % will receve ........... ‘ 1 G [vi Isodose
e 30.0 y
Field Width: Pitch: Calc Grid: Normal Jat eamlets
flltﬂl]f(;l]llslldﬂll; = — ; -
Name | Display Color| Blocked [U... ¥|Imporan..| Max Dose |..|Max Dose P... DVH Vol [..| DVH Dose [..] Min Dose [..[ Min Dose P...
PTV 30 Gy | s [ |ae | 10000 |30.0 {50000 [95.0 [30 [30.0 l500 -
cv__ [0 |memlnone |CT | i — o —— [ 7 28.5 [
[ il b 1 1N i i _ ] |
i | =
Sensitive Structure Constraints: 25
Name | Display| Color| Blocked |Us.. ¥| Importance |Max Dose [Gy] Max Dose P..| DVH Vol [%] | DVH Dose [..| DVH Pt Pen.|
Pournon-PTV] v o A [300 300 ] 15 300
[ IO ] | ] ] | 7
| 10
P———— 1 I:, 10 18 1§ 1
Density Image Viewer rDose-Volume Histogram - Cumulative Mode Relative
- 100, =y
Density Image | 05 ey
[ — 90, \
Optimize - 1 5 \
Mode: | Beamlet | il |
e | a1
Modulation Factor: |2.500 g 70
E 85
[ Initiate Full Dose after S &
£ 5
adicies @ 50
£
@ stan g a
|| =36
[o~ i |
& =
("] ¢ & 25 ‘
e 20
15
10
_— — — 5 i
BF o : 0 L
-, oe s ] 5 10 15 20 25 30 35
= Dose (Gy)
Q cancel Voimin| < oo |5 | oimax| < J1o00 feymin < Joo > |loymar < [ar0 [ > |

Figure 1 This figure shows the dose distribution during radiotherapy for the first patient who was diagnosed with multiple pleural and mediastinal tumors
and also the dose-volumes histograms showing the sparing of some organs at risk (for example heart in orange with 5 Gy received by 20% of heart vol-
ume, in red planning target volume (planning treatment volume with homogeneous dose distribution and adequate coverage). Since irradiation to the bilat-
eral hilum increases the risk of radiation pneumonitis, every effort was made to decrease the doses to the lung. Helical tomotherapy could be particularly useful in this
setting. In this example, no more than 10% of the volume defined as the [lung - PTV] received 20 Gy.

Finally, preliminary results suggested that helical to-
motherapy could be employed for total lymphoid irradia-
tion in the preparative regimens for allogeneic bone mar-
row and chronic graft-versus-host disease. When using
conventional irradiation devices, extended source-to-skin
patient setup and/or field matching are required, and all
critical organs are within the beam coverage. Treatment
planning with helical tomotherapy for total lymphoid
irradiation in adults demonstrated that the dose to the
spinal cord, kidneys, intestinal compartment, and lungs
could be decreased”"*.

ALTERNATIVE IRRADIATION
MODALITIES

We have pointed out the potential of helical tomotherapy
in the light of our institutional experience. Actually, heli-
cal tomotherapy is not the only solution to improve both
dose conformality and dose homogeneity within the tar-
get volume, and its availability remains rather limited (low
number of helical tomotherapy devices). Other IMRT
techniques could also be applied for delivering highly
conformal irradiation. In 2005, Goodman ez @/ assessed
the feasibility and potential advantages of linear accelera-
tor based IMRT in the treatment of lymphoma involving
large mediastinal disease volumes or requiring reirradia-

K

;guami.,g@ WJR | www.wjgnet.com

68

tion. Compared to conventional parallel-opposed plans
and conformal radiotherapy plans, IMRT could decrease
the dose delivered to the lung by 12% and 14%, respec-
tively. The PTV coverage was also improved, compared
with conventional RT?). Recent dosimetric data demon-
strated that the forward planned IMRT technique could
be easily used for improving PTV conformity while spar-
ing normal tissue in Hodgkin’s lymphomzll24J

Volumetric modulated arc therapy (VMAT) has also
demonstrated its ability in tailoring accurate dose distribu-
tions around the target volumes. Weber ¢z a/*” compared
VMAT to conventional fixed beam IMRT in ten patients
with early Hodgkin disease. They found no difference in
levels of dose homogeneity. However, for involved node
radiotherapy, doses to the PTV and OAR were higher
and lower with VMAT when compated to IMRT, respec-
tively.

Finally, the dosimetric advantages of proton therapy
could also be used for reducing the risk of late radiation-
induced toxicity related to low-to-moderate doses in
critical organs. Chera ef al™ compared the dose distribu-
tion in Hodgkin’s lymphoma patients using conventional
radiotherapy, IMRT, and 3D proton therapy in Hodgkin’s
lymphoma patients with stage II disease. Authors found
that 3D proton therapy could reduce the dose to the
breast, lung, and total body. However, the availability of
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proton therapy is very low and only a few patients could
benefit from this highly conformal irradiation modality.

CONCLUSION

There is growing dosimetric evidence that highly con-

formal irradiation modalities may improve critical organs
sparing, with clinically relevant consequences. Prospective
clinical evaluation of helical tomotherapy modalities is
required to confirm the potential benefits of highly con-
formal therapies applied to hematological malignancies.
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Abstract

AIM: To investigate intra-operator variability of semi-
quantitative perfusion parameters using dynamic con-
trast-enhanced ultrasonography (DCE-US), following
bolus injections of SonoVue®.

METHODS: The /n vitro experiments were conducted
using three in-house sets up based on pumping a fluid
through a phantom placed in a water tank. In the /in vivo
experiments, B16F10 melanoma cells were xenografted
to five nude mice. Both /n vitro and /n vivo, images
were acquired following bolus injections of the ultra-
sound contrast agent SonoVue® (Bracco, Milan, Italy)
and using a Toshiba Aplio® ultrasound scanner connect-
ed to a 2.9-5.8 MHz linear transducer (PZT, PLT 604AT
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probe) (Toshiba, Japan) allowing harmonic imaging
(“Vascular Recognition Imaging”) involving linear raw
data. A mathematical model based on the dye-dilution
theory was developed by the Gustave Roussy Institute,
Villejuif, France and used to evaluate seven perfusion
parameters from time-intensity curves. Intra-operator
variability analyses were based on determining perfu-
sion parameter coefficients of variation (CV).

RESULTS: In vitro, different volumes of SonoVue®
were tested with the three phantoms: intra-operator
variability was found to range from 2.33% to 23.72%.
In vivo, experiments were performed on tumor tissues
and perfusion parameters exhibited values ranging
from 1.48% to 29.97%. In addition, the area under the
curve (AUC) and the area under the wash-out (AUWO)
were two of the parameters of great interest since
throughout /n vitro and /n vivo experiments their vari-
ability was lower than 15.79%.

CONCLUSION: AUC and AUWO appear to be the most
reliable parameters for assessing tumor perfusion using
DCE-US as they exhibited the lowest CV values.

© 2011 Baishideng. All rights reserved.

Key words: Dynamic contrast-enhanced ultrasonography;
Intra-operator variability; Functional imaging; Semi-quan-
titative perfusion parameters; Linear raw data; Quantifi-
cation

Peer reviewers: Chan Kyo Kim, MD, Assistant Professor, De-
partment of Radiology, Samsung Medical Center, Sungkyunk-
wan University School of Medicine, 50 Ilwon-dong, Kangnam-
gu, Seoul 135-710, South Korea; Sergio Casciaro, PhD, Institute
of Clinical Physiology - National Research Council,Campus
Universitario Ecotekne, Via Monteroni, 73100 Lecce, Italy

Gauthier M, Leguerney I, Thalmensi J, Chebil M, Parisot S,
Peronneau P, Roche A, Lassau N. Estimation of intra-operator
variability in perfusion parameter measurements using DCE-

March 28, 2011 | Volume 3 | Issue 3 |



Gauthier M et a/. Variability of perfusion parameters using DCE-US

US. World J Radiol 2011; 3(3): 70-81 Available from: URL:
http://www.wjgnet.com/1949-8470/full/v3/i3/70.htm DOI:
http://dx.doi.org/10.4329/wjr.v3.i3.70

INTRODUCTION

Tumor angiogenesis is a process involving the prolifera-
tion of new blood vessels which penetrate tumors sup-
plying them with nutrients and oxygen"”. Nowadays, re-
search is focused on the development of anti-angiogenic
treatments whose aim is to destroy neoblood vessels
which often occur initially without any morphological
changes™,

Until now, treatment evaluation has been based on
Response Evaluation Criteria in Solid Tumors (RECIST)".
Even though RECIST criteria were recently revised, they
still only concern morphological information'”. Tt is com-
monly recognized that this criterion is no longer optimal
for the early assessment of anti-angiogenic treatments
which primarily target microvascularization. Functional
imaging is currently establishing itself as the best modality
for evaluating such therapies, by determining a series of
semi-quantitative perfusion parameters related to tumor
perfusion. These were defined as semi-quantitative as they
only provided a relative evaluation of the physiological
parameters such as blood flow or blood volume based on
the dye dilution theory.

Nowadays, dynamic contrast-enhanced ultrasonogra-
phy (DCE-US) is becoming increasingly widespreadp’g] as
it allows functional imagingp’wj. Howevet, one of its ma-
jor drawbacks is its intra-operator vatiability which could
have a major impact on measurements, leading to errone-
ous interpretations. A small difference in perfusion could
be interpreted as a functional change but might simply be
due to operator variability.

Until now, information on intra-operator variability has
been lacking. Consequently, the purpose of our study was
to evaluate the intra-operator variability of semi-quantita-
tive perfusion parameter measurements using DCE-US,
both 7 vitro and in vive, following bolus injections of Son-
oVue® (Bracco, Milan, Italy).

MATERIALS AND METHODS

Contrast agents

DCE-US studies were performed using bolus injections
of SonoVue®, a second generation contrast agent, con-
sisting of microbubbles of sulphur hexafluoride (SFs)
stabilized by a shell of amphiphilic phospholipids'" ',
The SFs gas does not interact with any other molecules
found in the body as it is a very inert gas. The size of the
microbubbles, ranging from 1 to 10 pmm, allows them
to circulate through the whole blood volume. In addition,
SonoVue® is a purely intravascular contrast agent which
makes it ideal for the evaluation of perfusion“z]. Insonat-
ed at low acoustic powet, SonoVue®, whose nonlinear
harmonic response is high[13], provides continuous real-
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time ultrasonographic (US) imaging without destroying
the microbubbles'".

Before any US exam, the contrast agent was reconsti-
tuted by introducing 5 mL of 0.9% sodium chloride into
the vial, containing a pyrogen-free lyophilized product,
followed by manual shaking for at least 20 s. One experi-
ment involved several injections of SonoVue®. As the
microbubbles tended to accumulate at the upper surface
because of buoyancy, the preparation was systematically
manually checked before each injection in order to recov-
er the required homogeneous solution. Each experiment
lasted less than 2 h on account of the stability of Son-
oVue® over time which is 6 h after its reconstitution".

Time-intensity method
The time intensity method is essentially based on the dye
dilution theory: after the injection of the indicators, con-
trast agent concentration is monitored as a function of
time, generating a time intensity curve (IT1C) from which
a series of semi-quantitative perfusion parameters is ex-
tracted and analyzed™'?. To be valid, a series of assump-
tions must be verified"”: (1) Flow has to be constant so
that the amount of microbubbles injected has no effect
on the flux; (2) Blood and contrast agent must be ad-
equately mixed to obtain a homogeneous concentration;
(3) Recirculation should not interfere with the first pass;
and (4) The mixing of the contrast agent must exhibit
linearity and a stable condition"”. Linearity refers to the
linear relationship between bubble concentration and sig-
nal intensity and was previously confirmed for low doses
by Greis'” as well as by Lampaskis ez al™ in the context
of bolus injection.

In our study, conditions were assumed to be satisfied.
The semi-quantitative perfusion parameters that we ana-
lyzed were therefore directly extracted from the TIC.

In vitro studies

US protocol: SonoVue® bolus injections were performed
through a 1-mL syringe (Terumo®, Belgium) and a
“26Gx1/2” needle (Terumo®, Belgium). The injection
site was marked so that the same site was used for all the
in vitro studies. It was positioned at a distance of 30 cm
from the input of the phantom.

According to the Guidelines for Evaluating and Ex-
pressing the Uncertainty of NIST (National Institute of
Standards and Technology) Measurements Results, intra-
operator variability studies must be performed under the
following conditions: (1) The same measurement proce-
dure; (2) The same observer; (3) The same measuring in-
strument, used under the same conditions; (4) The same
location; and (5) Repetition over a short period of time.

Thus, all the experimental conditions as well as the
operators injecting the SonoVue® and manipulating the
ultrasound scanner were the same for all acquisitions.

To minimize errors which might have been due to
possible SonoVue® residues in the injection materials, a
new syringe and a new needle were used for each injec-
tion. In addition, the circuit was entirely emptied, rinsed
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Figure 1 Schematic diagram of the closed-circuit. No contact with ambient
air was possible. In addition, as water was degassed, no significant amount of
gas was trapped in the circuit. Based on the same set-up, three phantoms were
used throughout the in vitro experiments: (a) a single straight pipe phantom; (b)
a three intertwined pipe phantom; (c) a dialyzer. The Gustave Roussy Institute
(IGR) ratio was tested throughout the in vitro experiments as it corresponded
to the ratio (4.8 mL per patient) previously validated and routinely used at the
IGR. 1: Peristaltic pump; 2: Syringe; 3: PZT, PLT 604AT probe; 4: Phantom; 5:
Custom-made water tank; 6: Reservoir; 7: Tubing (silicone pipe; internal diam-
eter: 2 mm; wall thickness: 1 mm).

and reset with degassed water between each acquisition.
Thus, no contrast agent residues were present in the cir-
cuit so that the initial conditions were exactly the same
for all the experiments.

The three phantoms consisted of a closed-circuit flow
model as no contact with ambient air was possible. Con-
sequently, as the water was degassed and the circuit was
closed, no significant amount of gas was trapped in the
set-up (Figure 1).

Images were acquired using a Toshiba Aplio® ultra-
sound scanner (Toshiba, Japan) version 06, release 5, con-
nected to a 2.9-5.8 MHz linear transducer (PZT, PLT
604AT probe). Harmonic imaging was performed using
the “Vascular Recognition Imaging” (VRI) mode com-
bining: (1) Fundamental B mode imaging, which allows
simultaneous but independent grey scale visualization of
morphological structures; (2) Doppler imaging, which
provides vascular information; and (3) Harmonic imag-
ing, based on the pulse inversion mode, which consists
of summing echoes resulting from two waves which are
inverted copies of each other. As microbubbles exhibit
non-linear responses, the resulting sum of the echoes will
be different from 0 implying a non-null signal[zul.

Acquisitions lasting 50 s were obtained at a low me-
chanical index (MI = 0.1) and at a rate of 5 frames per sec-

ond (fps).

Single straight pipe phantom: The first assembly consist-
ed of a single straight silicone pipe phantom, immersed
in a custom-made water tank which was connected to a
peristaltic pump (SP vario/PD 5101, Heidolph®, Germa-
ny) providing a defined water flow rate of 42.4 mL/min.
This phantom was used to mimic blood flow. Tubing was
made of a 1 mm thick silicone pipe with a 2 mm internal
diameter. A custom-made probe holder was used to keep
the probe still throughout the experiments.

A region of interest (ROI) was set in the upper part
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Figure 2 Single straight pipe phantom. A: Image extracted from an acquisi-
tion obtained after the bolus injection of SonoVue®. Harmonic imaging was
done based on the Vascular Recognition Imaging mode. The region of interest
was set in the upper part of the pipe. Each acquisition involved a new manually
drawn region of interest. Once the region of interest was selected, the ultra-
sound scanner directly allowed access to the time intensity curve associated
with the selected region of interest. The linear raw data to be modeled were
converted through text files generated by the ultrasound scanner and extracted
to obtain a graph using Excel®; B: The graph displays the Excel® curve to be fit-
ted and analyzed in order to obtain the perfusion parameters.

of the pipe (Figure 2A). Each injection involved a new
ROI and its associated TIC (Figure 2B). Three volumes
of SonoVue® were tested. The first experiment involved
five 0.02 mL bolus injections of contrast agent for a
total amount of water set at 50 mL in the closed-circuit.
This ratio respected that granted by marketing approval
(“Autorisation de Mise sur le Marché”: AMM) (2.4 mL of
SonoVue® for 5 L of blood). The second experiment was
performed by injecting five times a 0.05 mL bolus of So-
noVue®. This volume involved a ratio routinely used for
clinical exams (4.8 mL of SonoVue® for 5 L. of blood)
and particularly in four studies performed at the Gustave
Roussy Institute (IGR), involving 117 patients and 823
DCE-US exams”"* as well as a national project support-
ed by the “Institut National du Cancer” (French National
Cancer Institute)”. The last experiment involved five
0.08 mL bolus injections of SonoVue®. As the phantom
became more complex, we focused on the IGR ratio pre-
viously validated in IGR studies.

Three intertwined pipe phantom: A second phantom

consisted of three intertwined silicone pipes immersed in
a custom-made water tank. Two of the three tubes were
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Figure 3 Three intertwined pipe phantom. A: Picture of the phantom: three
pipes (2 pipes with a 2 mm internal diameter and a 1 mm thick wall, 1 pipe with
a 1 mminternal diameter and a 0.5 mm thick wall ) were intertwined to mimic a
complex structure akin to that of vessels in the microvascularization; B: Image
extracted from an acquisition obtained after a bolus injection of SonoVue®. As
in the case of the first phantom, harmonic imaging was based on the Vascular
Recognition Imaging mode. The region of interest contained both pipes and
water and was manually drawn for each of the five injections; C: Based on the
selected region of interest, the ultrasound scanner provided the time intensity
curve converted through text files. These were used to display the associated
Excel® curve to be analyzed.

in silicone with an internal diameter of 2 mm and a 1 mm
thick wall as in the case of the previous phantom. The
third one, originating from a catheter (Surﬂo® winged in-
fusion set, Terumo", Belgium), had a 1 mm internal diam-
eter and a 0.5 mm thick wall. The input and the output of
the phantom were composed of three-way taps (Discofix",
B. Braun, Melsungen, Germany) allowing linkage between
the three pipes (Figure 3A). The phantom was connected
to the same pump as previously desctibed, providing a
defined water flow rate set at 42.4 mL/min. Such an as-
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sembly was designed to mimic a complex structure akin to
that of vessels in tumors.

A new ROI containing both pipes and water spaces
(Figure 3B), was drawn for each injection and the associ-
ated TIC was obtained (Figure 3C). The total amount
of water in the circuit was set at 60 mL. Two series of
acquisitions were obtained involving, respectively, five
0.03 mL (AMM ratio) and 0.06 mL (IGR ratio) bolus in-
jections of contrast agent.

Dialyzer: The third assembly was composed of a dialyzer
(FX PAED, Fresenius Medical Care, France). The dialysis
cartridge, consisting of about 1550 capillaries with an
internal diameter of 220 pum, was connected to the peti-
staltic pump providing a water flow rate of 42.4 mL/min
and was immersed in water. To minimize attenuation due
to the original plastic case of the dialyzer, a rectangular
part of it was removed and replaced by a cellophane sheet
to maintain the circuit closed™. The advantage of such a
phantom was that the capillaries of the dialyzer were com-
parable in dimension to that of one type of vessel found
in the microvascularization (arteriole diameter < 300 pm).
In addition, as the size of SonoVue® microbubbles ranged
from 1 to 10 um“z], they were about a thousand-fold the
dimensions of capillary pores (2.4 nm), thus ensuring the
intravascular property of the ultrasound contrast agent.
As shown in Figure 4A, attenuation occurs in the low-
er part of the dialyzer: it is characterized by a strong de-
crease in amplitude and a loss of the contrast signal. An
ROI was drawn for each of the repeated measurements
and only contained the upper part of the dialyzer so that
the acquisition was not prone to attenuation phenom-
ena”. Based on the selected ROI, the associated time
intensity curve was obtained for the analysis (Figure 4B).
The total amount of water was 100 mL and a volume of
0.10 mL of SonoVue® was tested five times (IGR ratio).

In vivo studies

Animals and tumor model: Experiments were conduct-
ed with nude female mice aged from 6 to 8 wk with the
approval of the European Convention for the Protection
of Vertebrate Animals used for experimental and other
scientific purposes (Strasbourg, 18.111.19806; text amended
according to the provisions of protocol ETS No. 170 as
of its entry into force on 2nd December 2005).

The selected tumor model was the B16F10 (CRL-6475,
ATCC, American Type Culture Collection) melanoma cell
line which is a murine skin cancet. The tumor cells were
cultured in DMEM (Dulbecco minimum essential me-
dium) (Gibco Life Technologies, France) combined with
10% fetal bovine serum, 1% penicillin/streptomycin and
glutamate (Invitrogen Life Technologies, Inc., France)
to avoid bacterial contamination of the solution. While
growing, cells were maintained in an incubator at 37°C.
Tumors were xenografted onto the right flank of five
mice (Figure 5A) through a subcutaneous injection of 2
X 10° melanoma cells in 0.2 mL of Phosphate Buffered
Saline (PBS). DCE-US exams were performed follow-
ing three 0.02 mL, 0.05 mL or 0.1 mL retro-orbital bolus
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Figure 4 Dialyzer. A: Image extracted from an acquisition obtained after a
bolus injection of SonoVue®. As in the case of the first two phantoms, harmonic
imaging was based on the Vascular Recognition Imaging mode. The region of
interest contained the upper part of the dialyzer to avoid attenuation phenom-
ena in the lower parts. This was manually drawn for each injection; B: To deter-
mine perfusion parameters from the time intensity curve obtained following the
selection of the region of interest, this was converted through text files so that
the analysis could be performed using the Solver program in Excel®.

injections of SonoVue® according to the methodology
used in our lab.

Settings: During the experiments, mice were placed on
the left flank and maintained at a constant temperature
through a warming pad (TEM, Bordeaux, France) con-
nected to a Gaymar T/Pump® (Gaymar Industries, Inc.,
USA). The temperature was regulated with the adjustable
thermostat of the pump and was set at 40°C (internal
mouse temperature: 39°C). Each mouse was weighed and
the tumor volume was determined before each DCE-
US exam. The ROI was set to exclusively include the
tumor (Figure 5B-C). An ROI was drawn for each of
the repeated measurements and once it was selected, the
ultrasound scanner directly allowed access to the time in-
tensity curve assoclated with the selected ROI. The linear
raw data to be modeled were converted through text files
and extracted to obtain a graph using Excel® (Figure 5D).

A break of at least 15 min was observed between each
injection in addition to 3 min of insonation at a high
mechanical index (MI = 1.4), so that contrast agent could
be eliminated. Mice were kept asleep no more than 2 h.
This duration included the time required for the mice to
obtain a stationary heart rate after the administration of
anesthesia, acquisition time and the duration of the break
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between each injection. Three injections per mouse were
considered for the data analysis. Mice underwent either
chemical or gaseous anesthesia.

Chemical anesthesia: The amount of chemical anesthe-
sia was determined based upon mouse body weight. Once
weighed, the required amount of anesthesia was prepared
and injected intraperitoneally using the 1-mL syringe and a
“30Gx1/2” needle (Microlance™, Ireland). The solution
consisted of ketamine (10 mg/mL, Ketalar®, Parapharm,
France) and xylazine (2%, Rompun®, Bayer, France). To
ensure that the mice remained asleep throughout the
experiment, 150 pl./g per mouse wete systematically in-
jected.

Gaseous anesthesia: Mice were anaesthetized through
a 2 L./min inhalation of O2 combined with 2.5% of iso-
flurane. It was possible to modify the flow rate during the
experiment so that mice could be maintained asleep with-
out being endangered throughout the experiment.

US protocol: Preliminary fundamental B-mode imaging
using a 14 MHz PLT 1204AT (Toshiba, Japan) probe
was performed to determine the tumor volume prior to
the SonoVue® injection (Figure 5B). The largest longi-
tudinal and transversal sections allowed us to determine
the tumor volume by measuring the three perpendicular
tumor diameters”™ according to the following formula:
17=1/2 X (depth X width X length).

Harmonic imaging was performed in the same way
as for the i vitro experiments with a mechanical index set
at 0.1 and a rate of 5 fps. Acquisitions lasting 3 min were
recorded allowing visualization of both the wash-in and
wash-out parts of the TICs.

Data analysis

As already described in the literature, linear raw data (un-
compressed linear data obtained before standard video-
visualization) have the advantage of exhibiting a linear
dynamic range which is the essential part of the evalu-
ation of semi-quantitative perfusion parameters from
TICs®"., Acquisitions involved recording harmonic imag-
es after the SonoVue® injection, using dedicated software,
CHI-Q®, on the Toshiba Aplio® ultrasound scanner. In
a manually outlined ROI, the mean US signal intensity
induced by contrast uptake was obtained and expressed
in arbitrary units. This was lineatly linked to the number
and size of microbubbles in the ROI (Aplio® proce-
dure)™. Then, the corresponding TIC to be modeled
was converted through text files generated by the ultra-
sound scanner and extracted to obtain a graph using Ex-
cel®. Seven semi-quantitative perfusion parameters were
extracted from this curve: the peak intensity (P1) was the
difference between Vma [maximal intensity value: V(Tmax)]
and Vo [Initial intensity value: V(To)] and represented the
highest intensity value attained by the TIC for the defined
ROI. The time to peak intensity (Tri), corresponding
to Time to Peak Intensity, was the time required for the
contrast agent to arrive in the tumor and reach the PI. It
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Figure 5 In vivo. A: Experiments were conducted with nude female mice aged from 6 to 8 wk. The selected tumor model was the B16F10 melanoma cell line which
is a murine skin cancer; B, C: The region of interest contained only the tumor and was drawn for each injection performed. If the image was not well defined using the
harmonic mode, the B-mode image was used to correctly define the region of interest; D: As in the case of the in vitro experiments, the ultrasound scanner displayed
the associated time intensity curve. This was extracted and converted through an Excel® file so that the analysis could be performed to obtain the required perfusion

parameters.

corresponded to the difference between the latency time
(Tv), defined as the time between the injection of the
product and the beginning of contrast uptake, and Tmax.
From a mathematical point of view, Ti. corresponded to
the time at the intersection between y=Vo and the tangent
at Tmax/2. The AUC, AUWI and AUWO corresponded to
the area under the curve, the area under the wash-in (from
To to Tmax) and the area under the wash-out (from Tmax to
Tena corresponding to the end of the acquisition) of the
TIC. The area calculations were based on the trapezoidal
rule: the region under the graph of the fitted curve was
approximated by trapezoids whose areas were calculated
to provide approximations of the areas under the curve,
the wash-in or the wash-out. An additional operation of
subtracting the offset on the y-axis was performed so that
the total area under the curve was independent of it. The
limits of integration were defined as follows:

X € [72)’]—;)1(1]

Where To is the initial time. The slope coefficient of
the wash-in (WI) was literally defined as the slope of the
tangent of the wash-in at half maximum. Finally, the
full-width at half maximum (FWHM) was defined as the
time interval during which the value of the intensity was
higher than Vm/2. This parameter is commonly con-
sidered as a first approximation of the mean transit time
(MTT) (Figure 6)***”". However, as the linear raw data
provided by the ultrasound scanner were too noisy, ex-
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traction was performed after TIC fitting. This was based
on the mathematical model developed at the IGR (Pat-
ent: WO/2008/053268 entitled “Method and system for

quantification of tumoral vascularization”).
P p
A+| —
aZ
P q
B+ —
a

where I(#) desctibes the variation in the intensity of
contrast uptake as a function of time; avis the intensity
before the arrival of the contrast agent; as is linked to
the maximum value of contrast uptake; a2is linked to the
rise time to the peak intensity; p is a coefficient related to
the increase in intensity; ¢ is a coefficient related to the
decrease in intensity; A and B are arbitrary parameters.

The fitted curve was obtained by adjusting all the
coefficients of the equation (called the IGR equation)
to obtain a sum of the least-squares differences between
the linear raw data and the modeled values as close to 0
as possible. Equation parameters were derived through
the mathematical model so that asymptotic values were
propetly defined. This fitting was performed using the
Solver program in Excel®. Through this modeling step, it
was possible to avoid recirculation so that the conditions
required to apply the time intensity method were fulfilled.
Indeed, the IGR equation was used to perfectly fit the
wash-in part of the curve while the wash-out part was

1(1)=a,+(a,—a, )*
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Figure 6 The graph displays an example of a time intensity curve with 4 of
its 7 associated perfusion parameters: the peak intensity or peak intensity
(difference between Vmax and Vo), the time to peak intensity or time to peak
intensity (the difference between Tmax and Tv), the slope coefficient of the
wash-in (the slope of the tangent of the wash-in at half maximum) and the
full width at half maximum or FWHM (corresponding to a first approxima-
tion of the mean transit time). The three other perfusion parameters extracted
from the time intensity curve were the area under the curve, the area under the
wash-in and the area under the wash-out. PI: Peak intensity; Tri: Time to peak
intensity.
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Figure 7 This graph displays both a time intensity curve and its associ-
ated fitted curve. Recirculation is avoided through the modeling process so
that the conditions required to apply the time intensity method are fulfilled: the
Gustave Roussy Institute equation perfectly fits the wash-in part of the curve
while the wash-out part is adjusted so that recirculation is not taken into ac-
count in the final fitted curve.

adjusted so that recirculation was not taken into account
in the final fitted curve (Figure 7). This adjustment is of-
ten performed”" to ensure that the conditions required
for the time intensity method are adequately verified.
Once the fitted curve was determined, the semi-quantita-
tive perfusion parameters were derived according to their
previously described definitions.

Statistical analysis

Intra-operator variability was measured as the coefficient
of variation (CV) which is the ratio of the SD of a spe-
cific parameter to its mean. CV = SD/mean.

For each set of experiments, the CV was evaluated
and recorded for each of the seven semi-quantitative
perfusion parameters. An overall range of variation was
additionally provided in the “Results” part.
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Pl Trm  Slope of FWHM AUC AUWI AUWO
the WI

0.02 mL/ 6.03 9.78 9157 6.43 940 997 11.11
CV (%)
0.05 mL/ 9.27 10.14 8.28 1324 523 12.76 6.84
CV (%)
0.08 mL/ 20.87 10.10 23.52 1743 587 23.72 294
CV (%)

CV: Coefficient of variation; PI: Peak intensity; Tri: Time to peak intensity;
FWHM: Full width at half maximum; AUC: Area under the curve; AUWL
Area under the wash-in; AUWO: Area under the wash-out.

RESULTS

In vitro experiments
Three different phantoms were tested. Acquisitions were
obtained after five injections of SonoVue®.

1st phantom - Single straight pipe phantom results:
Three volumes of SonoVue® were tested: 0.02, 0.05 and
0.08 ml.. For each volume, five fitted TICs were obtained
following the five contrast agent injections. Data analysis
was performed according to the protocol detailed in the
“Materials and Methods” part: semi-quantitative perfusion
parameters were extracted directly from the fitted TICs and
their associated CV values were evaluated. The 0.02, 0.05
and 0.08 mL five injections respectively led to CV values
ranging from 6.03% to 11.11%, from 5.23% to 13.24% and
from 2.94% to 23.72%. Table 1 shows perfusion parameter
CV values obtained following each set of experiments.

2nd phantom - Three intertwined pipe phantom results:
The five fitted TICs resulting from the series of 0.03 and
0.06 mL bolus injections of SonoVue® were analyzed us-
ing the IGR model. Intra-operator variability values were
found to respectively range from 2.33% to 9.65% and
from 6.12% to 11.62%. CV values associated with each
perfusion parameter are shown in Table 2.

For both these phantoms, maximum CV values were
found in correspondence with the highest injected dose
of SonoVue®. This observation might impact on the lin-
ear assumption. However, as previously mentioned in the
“Time Intensity Method” part, to transfer 7z vitro results
into clinical context, the concentration of intetrest is the
IGR one which remains in the linear range.

3rd phantom - Dialyzer results: Data analysis was per-
formed following five 0.10 mL bolus injections of Son-
oVue®. This series of experiments led to intra-operator
variability values ranging from 8.11% to 19.11%. Table 3
provides more detailed results associated with each evalu-
ated semi-quantitative perfusion parameter.

In vivo experiments
Intra-operator variability studies were performed on five
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Figure 8 This graph shows the variability of perfusion parameters involved in both the in vitro and in vivo experiments. Five injections were recorded for
each of the three phantoms and three for each mouse. The results demonstrated less than 30% overall variability, whatever the perfusion parameter. CV: Coefficient
of variation; PI: Peak intensity; Te:: Time to peak intensity; FWHM: Full width at half maximum; AUC: Area under the curve; AUWI: Area under the wash-in; AUWO:

Area under the wash-out.

Table 2 Three intertwined pipe phantom: intra-operator vari-

ability of semi-quantitative perfusion parameters following
five 0.03/0.06 mL bolus injections of SonoVue®

Table 3 Dialyzer: intra-operator variability of semi-quantita-

tive perfusion parameters following five 0.10 mL bolus injec-
tions of SonoVue®

Pl Tei  Slope of FWHM AUC AUWI AUWO Pl Te  Slope of FWHM AUC AUWI AUWO
the WI the WI
0.03mL/ 316  7.69 9.65 5.56 2.33 8.55 5.32 010mL/  9.66 811 1027 1911 931 13.89 13.36
CV (%) CV (%)
0.06 mL/ 785 860 11.62 7.53 6.73 9.52 6.12
CV (%) CV: Coefficient of variation; PI: Peak intensity; Tri: Time to peak intensity;

CV: Coefficient of variation; PI: Peak intensity; Tri: Time to peak intensity;
FWHM: Full width at half maximum; AUC: Area under the curve; AUWI:
Area under the wash-in; AUWO: Area under the wash-out.

mice following three 0.02 mL, 0.05 mL or 0.1 mL bolus
injections of SonoVue®. Experiments were performed
over 5 d.

Chemical anesthesia: Four mice underwent chemical
anesthesia. The body weight was found to be 23.5 g (min:
22.6 g; max: 25 @) throughout the experiments. As experi-
ments lasted over 5 d and due to the rapid doubling time
of melanoma cells™ ", tumor volume ranged from 93.8
to 599.7 mm’ with a mean tumor value of 339.39 mm”. We
calculated the semi-quantitative perfusion parameters di-
rectly from the TICs using the IGR mathematical model.
CV values ranged from 1.48% to 29.97%. Table 4 shows
variability values associated with each perfusion parameter
for each mouse.

Gaseous anesthesia: One mouse underwent gaseous
anesthesia. It weighed 24.6 g. The tumor volume was
503.56 mm’. CV values were determined based on the
fitted TICs and ranged from 1.90% to 24.96%. More de-
tailed results are provided in Table 4.
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FWHM: Full width at half maximum; AUC: Area under the curve; AUWI:
Area under the wash-in; AUWO: Area under the wash-out.

DISCUSSION

In this study, intra-operator variability was assessed through
the determination of the coefficients of variation of semi-
quantitative perfusion parameters using three distinct
phantoms as well as 7z vivo. Throughout the experiments,
CV values were consistently lower than 30% (Figure 8).
The area under the curve and the area under the wash-out

exhibited CV values below 15.79% both 7z vitro and in vive.

Sources of variability
For each set of experiments, conditions such as the probe,
the phantom, the whole circuit and the settings of the ul-
trasound scanner were maintained unchanged so that the
assembly remained identical throughout the acquisitions.
The first source of vatiation could come from the ultra-
sound contrast agent itself. Indeed, before each injection, So-
noVue® was reconstituted by manual agitation. Consequent-
ly, the solution may not have been identically homogeneous
throughout the experiments. In addition, the precision of
the syringe used to administer SonoVue® (within 0.01 mL)
was low compared to the injected doses. Consequently,
variations may have occurred even ptior to any acquisition.
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Mouse Pl TPI Slope of the WI FWHM AUC AUWI AUWO
0.02mL/ Chemical anaesthesia 1 18.99 14.04 23.85 28.87 15.79 18.43 15.46
0.05 mL/ 2 27.60 8.33 25.75 18.90 9.06 28.39 8.12
0.1mL/ 3 11.39 4.41 1.48 18.44 10.76 14.73 13.58
CV (%) 4 27.88 5.68 28.82 29.97 11.21 26.22 12.42
Gaseous anaesthesia B 1.90 17.63 10.09 24.96 12.32 12.43 12.79

CV: Coefficient of variation; PI: Peak intensity; Tri: Time to peak intensity; FWHM: Full width at half maximum; AUC: Area under the curve; AUWI: Area

under the wash-in; AUWO: Area under the wash-out.

Density Velocity Attenuation coefficient Impedance

(kg/m®) (m/s) (dB/cm at 1 MHz) (MRayl)
Blood 1057 1575 0.18 1.61
Water 1000 1480 0.0022" 1.51 (50C)

'Quadratic frequency dependence of this attenuation coefficient. Sources:
Hedrick ef al™, Gupta et al™ Goldstein et al™.

The second source of variation could come from the
injection step. Manual injections were performed by the
same operator and a mark was drawn on the injection
site so that the same site was used throughout the expeti-
ment. A new syringe was used for each injection. How-
ever, even if the mark allowed us to maintain the same
injection site, it did not provide information concerning
the exact position of the syringe within the pipe. In ad-
dition, even though the injection was administered by
the same operator, variations could have occurred as it
was performed manually (rate or angle of the injection).
Other errors may have affected the data analysis part.
A region of interest had to be selected to compute the
TICs. It had to be the same for all TICs. Howevet, as a
new ROI was manually drawn for each injection, results
may have been tarnished because of mistakes. Additional
sources of variation can occur zz vive. Indeed, even if
mice were maintained asleep, their physiological param-
eters were not entirely monitorable and variations may
have occurred during the experiments.

The next step concerned TIC fitting, To ensure that
no variations could come from the solver itself, a series
of ten fittings were performed on the same TIC. The pa-
rameters provided by the IGR mathematical model were
exactly the same for all the curves which allowed us to
conclude that only the first three steps mentioned above
may have induced variations in the results.

Study limitations

First, in vitro, the fluid used was water at ambient tem-
perature which did not exhibit the same ultrasound
properties as blood™" (Table 5). In addition, none of
the phantoms contained tissue-mimicking material®”
the first two were composed of silicone pipes leading to
the same remark as with the fluid: the ultrasound proper-
ties of the silicone are different from those of vessels.
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The properties of the third phantom were more similar
to those of the microvascularization due to its dimen-
sions. However, the parallelism with the capillaries did
not reflect the complex and irregular structure of tumor
microvascularization. Consequently, the three increasingly
complex phantoms we worked with were mainly used for
intra-operator variability evaluations and their properties
tend to mimic only some #» vivo properties which might
induce difficulties in transferring 7z vitro results to in vivo
ones. Moreovet, 7 vivo, variability measures were based
on three injections. Having more injections to interpret
might have provided us with a better statistical analysis:
this last limitation was offset by the number of mice
we worked on. Another limitation might concern the
stability of the ultrasound contrast agent. Indeed, each
experiment duration was less than 2 h on account of
the stability of SonoVue® over time which is 6 h after its
reconstitution as described by Schneider!'". However, re-
cent studies reported a significant incidence of spontane-
ous gas diffusion phenomena on temporal evolution of
contrast microbubble size™*. In the following study, gas
diffusion phenomena occurting for 2 h from initial for-
mation of contrast agent was neglected: this assumption
might impact the results. Finally, as previously mentioned,
the precision of the syringe was a source of variability
and the absence of any measurements performed to ac-
curately evaluate microbubble concentration at the injec-
tion time might be a limitation.

Intra-operator variability studies using MRI, CT, PET and
us

Several intra-operator variability studies using MRI, CT
and PET have been described in the literature. These re-
ported an overall intra-observer variability ranging from
3% to 30%"". The ranges of the semi-quantitative
perfusion parameters we evaluated were consistent with
those reported in the literature. Evelhoch ez al®™ analyzed
CV for the initial area under the gadolinium diethylenetri-
aminepentaacetate uptake #s time curve (IAUC) in 19 pa-
tients examined with two scans. The CV was found to be
18%. Wells ef al*”" evaluated regional flow and the volume
of tissue distribution of the contrast agent in tumor and
normal tissue in 5 patients who underwent two PET-CT
using inhaled C"021 wk apart. They obtained CV values
ranging from 9% to 14% (11% in the tumor) for the flow
and from 3% to 13% (6% in the tumor) for the volume
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distribution. Myocardial perfusion values using CT imag-
ing were determined by Groves ¢ al® using two different
approaches: the maximum-slope method and the peak
method. CV values ranging from 12.6% to 23.7% for
intra-observer agreement were observed. No published
studies on intra-operator vatiability using DCE-US were
found in the literature. Our results are concordant with
these previous findings since the overall intra-operator
variability of the semi-quantitative parameters observed
both 7n vive and in vitro ranged from 1.48% to 29.97%.

Anti-angiogenesis therapies and DCE-US imaging
Anti-angiogenic treatments inhibit the formation of neob-
lood vessels in tumors obstructing their dissemination
because of the lack of a blood supply. Such drugs exert
activity primarily on the microvascularization: they may
be effective even if no obvious change in tumor shape
is observed after their administration. In order for func-
tional imaging to be efficient in assessing such treatments,
the variability of any semi-quantitative perfusion param-
eters should be lower than any reduction in perfusion.
Thomas ¢z al”" found a decrease of 40% in AUC values,
using DCE-MRI, at day 28 in 43 patients suffering from
advanced cancers (24 colorectal, 1 breast, 2 mesothelioma,
6 neuroendoctine, 2 renal and 8 others) and who received
single-agent PTK/ZK. Other studies demonstrated that
reductions in perfusion following anti-angiogenesis treat-
ments, using MRI, CT, PET or US, range from 30% to
greater than 90%>> For example, Lavisse ef al™ stud-
ied the evolution of the peak intensity (PI), the Trr and
the FWHM after the administration of AVE8062. They
found that 6 h after the injection, the PI value represented
7% of the initial PI, Ter was three-fold higher than the ini-
tial T and FHWM was twice the initial FWHM.

In the light of these data, the CV values found in
the current DCE-US study justified its use as an imaging
method for assessing anti-angiogenic treatments.

In addition, in this study, the AUC and AUWO ex-
hibited both 7 vitro and in vive CV values below 15.79%.
This is a major result considering the previous findings
reported by Lassau ¢ a 2235 in different types of tumors
such as GIST or RCC: among the seven semi-quantitative
perfusion parameters evaluated, the two parameters which
always correlated with the RECIST response and overall
survival were the AUC and the AUWO. These two com-
plementary observations highlight the reliability of such
parameters in assessing anti-angiogenic treatments: AUC
and AUWO are associated to a good correlation to RE-
CIST response as well as to low intra-operator variability
values. The Trr may also be considered a parameter of in-
terest as it exhibited CV values in a range noticeably simi-
lar to AUC and AUWO: it ranged from 4.41% to 17.63%.

Dynamic T1-weighted MRI and CT are commonly
used in assessing tumor angiogenesis as DCE-US suf-
fers from some limitations. One of its major drawbacks
is its operator dependence. In addition, CV values might
depend on the organ as some can be more challenging
to image such as the liver suffering from respiration ar-
tifacts. There is also a limited depth penetration making
imaging of deepest regions difficult®"*". Finally, some
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anti-angiogenic treatments mainly involve change in tu-
mor vasculature permeability without tumor flow. Con-
sequently, as ultrasound contrast agents are purely intra-
vascular, DCE-US can only provide tumor blood flow
information: no information concerning tumor perme-
ability can be determined™.

On the other hand, further studies involving intra-
operator variability might support DCE-US as the imag-
ing method of choice for the early evaluation of anti-
angiogenic drugs because it also has many additional
specific advantages. Contrast agents used in DCE-MRI
are extracellular ones and no linear relationship exists,
whatever the dose between the measured signal and the
concentration of the MRI contrast agents”™. DCE-US
involves working with purely intravascular contrast agents.
In addition, within a certain range, the measured intensity
exhibits a linear relationship with microbubble concentra-
tion making it possible to assess perfusion parameters. In
spite of the advantage of a linear relationship between
the change in CT intensity and the concentration of the
contrast agent as well as a high spatial resolution, DCE-
CT has a low sensitivity and high concentrations of con-
trast agent can be toxic™. PET and SPECT modalities
are highly sensitive to very low tracer concentrations but
exhibit a poor resolution™ compared to that of DCE-US.
In addition DCE-US has advantages linked to ultrasound
imaging: it is non-invasive, easy to use, not expensive,
rapid and widely available.

Further studies

In this study, intra-operator variability measurements
were based on semi-quantitative parameters, i.c. param-
eters extracted from the measured TIC within phantoms
or tumors. Such parameters are often determined to
estimate physiological parameters but do not take into ac-
count variations linked to physiological effects”". Blood
flow and blood volume could be determined using meth-
ods that take into account patient hemodynamic condi-
tions as well as the way the contrast agent is injected”"
which atre elements included in the arterial input function.
Consequently, further studies including the arterial input
function will have to be performed to determine its influ-
ence on the DCE-US technique.

This work performed using 7 vitro and in vivo models
demonstrated that among the seven semi-quantitative
perfusion parameters, two (the AUC and the AUWO)
linked to the blood volume and blood flow™"” exhibited
an intra-operator variability value below 15.79% and
could be the most reliable for early evaluation of anti-
angiogenic treatments.

ACKNOWLEDGMENTS

The authors thank Lorna Saint Ange for editing,

COMMENTS

Background
Early functional imaging of anti-angiogenesis treatments in oncology is of major
importance. Dynamic contrast-enhanced ultrasonography (DCE-US) is now
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commonly recognized as a functional imaging technique able to evaluate such
therapies as it is a sensitive and highly available modality allowing early predic-
tion of tumor response to treatments based on changes in vascularity before
any morphological ones occur.

Research frontiers

Microbubble contrast agents for DCE-US have developed during the past 10 years
and are currently approved in Europe, Asia and Canada. Nowadays, ultrasound
provides an ideal imaging modality for angiogenesis: it is widely available, not
ionizing, low cost and provides real time imaging. However, until now, informa-
tion on intra-operator variability in perfusion parameter measurements performed
using DCE-US is lacking. In this study, the authors evaluated such variability and
highlighted values similar to previous findings using other imaging modalities.

Innovations and breakthroughs

DCE-US is supported by the French National Cancer Institute which is currently
studying the technique in several pathologies to establish the optimal perfusion
parameters and timing for quantitative anticancer efficacy assessments: cur-
rently 400 patients with 1096 DCE-US demonstrated that the area under the
curve quantified at 1 mo could be a robust parameter to predict response at
6 mo. The following study is the first one analyzing intra-operator variability in
perfusion parameter measurements performed using DCE-US. Our study would
suggest that DCE-US technique has comparable intra-operator variability than
other functional imaging modalities that are currently used in routine.
Applications

By evaluating intra-operator variability in perfusion parameter measurements
performed using DCE-US, this study may confirm the interest of dynamic
contrast enhanced-ultrasonography as functional imaging in anti-angiogenic
therapy evaluations.

Terminology

DCE-US involves the use of microbubble contrast agents and specialized imag-
ing techniques to evaluate blood flow and tissue perfusion. Intra-operator vari-
ability studies aim to determine the variation in measurements performed by a
single operator and instrument on the same item and under the same conditions.

Peer review

This is an interesting study and may draw the readers’ attention because the
authors evaluated the feasibility and reproducibility of DCE-US through in vitro
and in vivo. Moreover, | think that this study would guide the readers about the
methods of basic research in the areas of radiology. Unfortunately, strength of
reported findings is limited by some experimental constraints and manuscript
presentation needs several improvements before publication.
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Abstract lines for the treatment of paraspinal pseudotumors caused

We describe a case of worsening paraparesis induced ~ PY EMH. Management options include hypertransfusion,

by spinal cord compression at T6-T7 levels associated ~ radiotherapy, surgery or a combination of these modali-
with compensatory extramedullary haematopoiesis from ~ ties. Recently, hydroxyurea or erythropoietin in combina-
a compound heterozygote for haemoglobin E and for  tion with radiotherapy as treatment was described"”, but
B-thalassemia. An emergency T3-T9 laminectomy was management still remains controversial.

performed with excision of the masses and complete Decompressive laminectomy, as in our case, has been

rehabilitation of the patient. used in patients with rapid neurological deterioration'”.
We hereby present a case of EMH in a 21-year-old man

© 2011 Baishideng. Al rights reserved. with thalassemia presenting with paraplegia due to a spinal

o cord compression that was treated successfully with surgery.
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Figure 1 Pre-operative computed tomography scan of the chest without con-
trast media showing the large bilateral costal masses (white arrows) and an
intracanalicular extradural mass (black arrow).

Figure 2 Pre-operative “bone window” computed tomography scan of the
chest without contrast media shows large bilateral, well circumscribed
lobulated soft tissue masses that cause widening of the ribs (short arrows)
and periosteal reaction, without interruption of cortical bone (thin long
arrow). Coexisting involvement of the sternum body (thick long arrow).

Figure 3 Pre-operative “bone window” computed tomography scan with-
out contrast media: the vertebral body is devoid of bony erosion and has a
lacey appearance.

Computed tomography (Figures 1-3) and magnetic res-
onance imaging (MRI, Figures 4-0) revealed bilateral para-
vertebral soft-tissue masses at T4-L1 levels and a mass with
the same features was seen inside the vertebral canal induc-
ing spinal cord compression at T4-T9 levels. Furthermore,
a marked medullary expansion of the bony structures was
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Figure 4 Preoperative axial magnetic resonance imaging, T2 weighted,
shows paravertebral and intracanal masses, isointense with the spinal
cord, widening the ribs (short arrows) and causing cord compression (long
arrow).

Figure 5 Preoperative sagittal MRI, T2 weighted, shows masses extending
from T4 to T9 with cord compression (white arrows), embedded within the epi-
dural fat and isointense with the spinal cord.

Figure 6 Preoperative sagittal magnetic resonance imaging, T1 weighted,
without contrast media (A) (long arrows), and after Gadolinium administra-
tion (B) (short arrows) shows poor and homogeneous contrast enhance-
ment of the masses.

present. Laboratory analyses showed a haemoglobin (Hb)
level of 8.5 g/dI. and mean corpuscular volume (MCV) of
68 fL.. Hb electrophoresis revealed HbE at 45%, HbF at
30% and HbA2 at 20%.

Molecular analysis showed the patient was a com-
pound heterozygote for HbE (3-26 glutamine — lysine)
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and for B-thalassemia (B+IVS1-nt5). All these findings
appeared to be associated with compensatory extramedul-
lary haematopoiesis.

An emergency T3-T9 laminectomy was performed
with a complete excision of the masses. A morphological
and immunohistochemical analysis was then cartied out.
The masses were composed of a heterogeneous cellular
population resembling physiological haematopoiesis in all
its components.

The patient received a rehabilitation cycle and five
months after the surgery, with continuing red blood cell
transfusions, remains free of symptoms.

DISCUSSION

HbE (B26Glu — Lys) is the most common Hb variant in
Southeast Asia and the second most prevalent worldwide.

HbE, when associated with [ thalassemia (HbE/ [-tha-
lassemia) in a compound heterozygous state, results in a
clinically severe condition. HbE activates a cryptic splice
site that produces non-functional mRNAs. Hb IVS1-1 is
a Mediterranean mutation that affects mRINA processing
giving rise to 3 (0)-thalassemia. HbE/ B thalassemia has a
vety variable clinical phenotype. HbE/B-thalassemia gen-
erally manifests with severe anemia where individuals ex-
hibit B-thalassemia major with regular blood transfusions
or (3-thalassemia intermedia with periodic blood transfu-
sions. Extramedullary haematopoiesis is a consequence of
insufficient bone marrow function that is unable to meet
circulatory demands. Thalassemia major or intermedia,
congenital spherocytosis, congenital haemolytic anemia
and sickle cell anemia account for most cases of EMH. It
is rarely seen in myelofibrosis and Gaucher’s disease.

Intrathoracic EMH is most often visualized on the
chest roentgenogram or the chest computed tomography
(CT) scan as single or multiple paravertebral mass lesions.
While a paravertebral mass may represent EMH, other
disorders of the posterior mediastinum, such as neuro-
genic tumor, lymphoma, primary and metastatic malig-
nancy, paravertebral abscess, lateral meningocele, and
extrapleural cyst, must be considered.

The characteristic features observed in the chest roent-
genogram and the chest CT scan were helpful in recogniz-
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ing intrathoracic EMH. These included the fo]lowingglz )
Widening of the ribs by expansion of the medullary cavity
or by periosteal elevation, without bony erosion; (2) The
presence of a unilateral or bilateral well-circumscribed lob-
ulated, paravertebral mass lesion usually located caudal to
the sixth thoracic vertebrae; and (3) The absence of calcifi-
cation and the presence of adipose tissue within the mass.

MRI is currently the technique of choice in evaluating
spinal EMH. On MRI, EMH is usually characterized by
lobular masses with increased signal intensity compared to
that of the red marrow in the adjacent vertebral bodies'”.
The lack of gadolinium enhancement allows its differen-
tiation from other epidural masses such as abscesses or
metastases.

REFERENCES

1  Cappellini MD, Musallam KM, Taher AT. Insight onto the
pathophysiology and clinical complications of thalassemia
intermedia. Hemoglobin 2009; 33 Suppl 1: S145-5159

2 Gatto I, Terrana V, Biondi L. [Compression of the spinal cord
due to proliferation of bone marrow in epidural space in a
splenectomized person with Cooley's disease]. Haematologica
1954; 38: 61-76

3 Logothetis J, Constantoulakis M, Economidou ], Stefanis C,
Hakas P, Augoustaki O, Sofroniadou K, Loewenson R, Bilek
M. Thalassemia major (homozygous beta-thalassemia). A
survey of 138 cases with emphasis on neurologic and muscu-
lar aspects. Neurology 1972; 22: 294-304

4 Cario H, Wegener M, Debatin KM, Kohne E. Treatment with
hydroxyurea in thalassemia intermedia with paravertebral
pseudotumors of extramedullary hematopoiesis. Ann Hema-
tol 2002; 81: 478-482

5 Cianciulli P, Sorrentino F, Morino L, Massa A, Sergiacomi
GL, Donato V, Amadori S. Radiotherapy combined with
erythropoietin for the treatment of extramedullary hemato-
poiesis in an alloimmunized patient with thalassemia inter-
media. Ann Hematol 1996; 72: 379-381

6 Malik M, Pillai LS, Gogia N, Puri T, Mahapatra M, Sharma
DN, Kumar R. Paraplegia due to extramedullary hemato-
poiesis in thalassemia treated successfully with radiation
therapy. Haematologica 2007; 92: e28-e30

7 Dibbern DA Jr, Loevner LA, Lieberman AP, Salhany KE,
Freese A, Marcotte PJ. MR of thoracic cord compression
caused by epidural extramedullary hematopoiesis in myelo-
dysplastic syndrome. AJNR Am ] Neuroradiol 1997; 18: 363-366

8 Alam R, Padmanabhan K, Rao H. Paravertebral mass in a
patient with thalassemia intermedia. Chest 1997; 112: 265-267

S- Editor Cheng JX L-Editor Lutze M E- Editor Zheng XM

March 28, 2011 | Volume 3 | Issue 3 |



wdJ R

World Journal of
Radiology

Online Submissions: http:/ /www.wjgnet.com/1949-8470office
wjr@wjgnet.com
www.wjgnet.com

World | Radiol 2011 March 28; 3(3): 1
ISSN 1949-8470 (online)
© 2011 Baishideng. All rights reserved.

ACKNOWLEDGMENTS

Acknowledgments to reviewers of World Journal of

Radiology

Many reviewers have contributed their expertise and time
to the peer review, a critical process to ensure the quality
of World Journal of Radiology. The editors and authors of
the articles submitted to the journal are grateful to the
following reviewers for evaluating the articles (including
those published in this issue and those rejected for this
issue) during the last editing time period.

Charles Bellows, MD, Associate Professot, Chief of General
Surgery, Tulane University, Department of Surgery SL-22, 1430
Tulane Ave, New Otleans, LA 70112, United States

Filippo Cademartiri, MD, PhD, Departmento of Radiology -
c/o Piastra Tecnica - Piano 0, Azienda Ospedaliero-Universitaria di
Parma, Via Gramsci, 14 - 43100 Parma, Italy

Sergio Casciaro, PhD, Institute of Clinical Physiology - National
Research Council,Campus Universitario Ecotekne, Via Monteroni,
73100 Lecce, Italy

Chan Kyo Kim, MD, Assistant Professor, Department of Radiol-
ogy, Samsung Medical Center, Sungkyunkwan University School of
Medicine, 50 Ilwon-dong, Kangnam-gu, Seoul 135-710, South Korea

(4 9

;guamaﬁ.,g@ WJR | www.wjgnet.com

Stefania Romano, MD, A. Cardarelli Hospital, Department of
Diagnostic Imaging, Section of General and Emergency Radiol-
ogy, Viale Cardarelli, 9, 80131 Naples, Italy

Francesco Lassandro, MD, Department of Radiology, Monaldi
Hospital, via Leonardo Bianchi, Napoli, 80129, Italy

Kennith F Layton, MD, FAHA, Division of Neuroradiology
and Director of Interventional Neuroradiology, Department of
Radiology, Baylor University Medical Center, 3500 Gaston Av-
enue, Dallas, TX 75246, United States

Yicheng Ni, MD, PhD, Professor, Biomedical Imaging, In-
terventional Therapy and Contrast Media Research, Department
of Radiology, University Hospitals, K.U. Leuven, Herestraat 49,
B-3000, Leuven, Belgium

Yi-Xiang Wang, MMed, PhD, Associate Professor, Depart-
ment of Diagnostic Radiology and Organ Imaging, Prince of
Wales Hospital, The Chinese University of Hong Kong, Shatin,
NT, Hong Kong, China

Ying Xiao, PhD, Professor, Director, Medical Physics, Depart-

ment of Radiation Oncology, Thomas Jefferson University Hos-
pital, Philadelphia, PA 19107-5097, United States

March 28, 2011 | Volume 3 | Issue 3 |



wJ

Online Submissions: http:/ / www.wjgnet.com/1949-8470office
wjr@wjgnet.com
www.wjgnet.com

World Journal of
Radiology

World | Radiol 2011 March 28; 3(3): 1

ISSN 1949-8470 (online)

© 2011 Baishideng. All rights reserved.

Events Calendar 2011

January 23-27
Radiology at Snowbird
San Diego, Mexico

January 24-28
Neuro/ENT at the Beach
Palm Beach, FL, United States

February 28-29

MIAD 2011 - 2nd International
Workshop on Medical Image
Analysis and Description for
Diagnosis System

Rome, Italy

February 5-6
Washington Neuroradiology Review
Arlington, VA, United States

February 12-17
MI11 - SPIE Medical Imaging 2011
Lake Buena Vista, FL, United States

February 17-18

2nd National Conference Diagnostic
and Interventional Radiology 2011
London, United Kingdom

Februrary 17-18
VII National Neuroradiology Course
Lleida, Spain

February 18
Radiology in child protection
Nottingham, United Kingdom

Februrary 19-22
COMPREHENSIVE REVIEW OF
MUSCULOSKELETAL MRI

Lake Buena Vista, FL, United States

March 2-5
2011 Abdominal Radiology Course
Carlsbad, CA, United States

March 3-7

European Congress of Radiology
Meeting ECR 2011

Vienna, Austria

March 6-9

World Congress Thoracic Imaging - IV
Bonita Springs, FL, United States

(4 9

Gz
Raishideng®

March 14-18

9th Annual NYU Radiology Alpine
Imaging Symposium at Beaver
Creek

Beaver Creek, CO, United States

March 20-25
Abdominal Radiology Course 2011
Carlsbad, CA, United States

March 26-31
2011 SIR Annual Meeting
Chicago, IL, United States

March 28-April 1

University of Utah Neuroradiology
2nd Intensive Interactive Brain &
Spine Imaging Conference

Salt Lake City, UT, United States

April 3-8

1st Annual Ottawa Radiology
Resident Review

Ottawa, Canada

April 3-8

43rd International Diagnostic Course
Davos on Diagnostic Imaging and
Interventional Techniques

Davos, Switzerland

April 69

Image-Based Neurodiagnosis:
Intensive Clinical and Radiologic
Review, CAQ Preparation
Cincinnati, OH, United States

April 28-May 1

74th Annual Scientific Meeting
of the Canadian Association of
Radiologists CAR

Montreal, Canada

May 5-8

EMBL Conference-Sixth
International Congress on Electron
Tomography

Heidelberg, Germany

May 10-13
27th Iranian Congress of Radiology
Tehran, Iran

May 14-21
Radiology in Marrakech
Marrakech, Morocco

May 21-24

European Society of Gastrointestinal
and Abdominal Radiology 2011
Annual Meeting

Venice, Italy

WJR | www.wjgnet.com

May 23-25

Sports Medicine Imaging State of
the Art: A Collaborative Course for
Radiologists and Sports Medicine
Specialists

New York, NY, United States

May 24-26
Russian Congress of Radiology
Moscow, Russia

May 28-31

International Congress of Pediatric
Radiology (IPR)

London, United Kingdom

June 4-8

58th Annual Meeting of the Society
of Nuclear Medicine

San Antonio, TX, United States

June 6-8

UKRC 2011 - UK Radiological
Congress

Manchester, United Kingdom

June 8-11

CIRA 2011 - Canadian Internventinal
Radiology Association Meeting
Montreal, QC, Canada

June 9-10
8th ESGAR Liver Imaging Workshop
Dublin, Ireland

June 17-19

ASCI 2011 - 5th Congress of Asian
Society of Cardiovascular Imaging
Hong Kong, China

June 22-25

CARS 2011 - Computer Assisted
Radiology and Surgery - 25th
International Congress and
Exhibition

Berlin, Germany

June 27-July 1

NYU Summer Radiology
Symposium at The Sagamore
Lake George, NY, United States

July 18-22

Clinical Case-Based Radiology
Update in Iceland

Reykjavik, Iceland

August 1-5

NYU Clinical Imaging Symposium
in Santa Fe

Santa Fe, NM, United States

September 22-25

European Society of Neuroradiology
(ESNR) XXXV Congress and 19th
Advanced Course

Antwerp, Belgium

October 12-14

International Conference Vipimage
2011 - Computational Vision and
Medical Image Processing
Algarve, Portugal

October 15-16

Essentials of Emergency and Trauma
Radiology

Ottawa, Canada

October 23-29

2011 IEEE NSS - 2011 IEEE Nuclear
Science Symposium and Medical
Imaging Conference

Valencia, Spain

October 25-28

NYU Radiology in Scottsdale - Fall
Radiology Symposium in Scottsdale
Scottsdale, AZ, United States

October 28-30

Fourth National Congress of
Professionals of Radiological
Techniques

Florianépolis, Brazil

October 28-30

Multi-Modality Gynecological &
Obstetric Imaging

Ottawa, Canada

November 3-4
9th ESGAR Liver Imaging Workshop
Taormina, Italy

November 15-19

EANM 2011 - Annual Congress of
the European Association of Nuclear
Medicine

Birmingham, United Kingdom

November 22-29

NSS/MIC - Nuclear Science
Symposium and Medical Imaging
Conference 2011

Valencia, Spain

November 26-28

8th Asia Oceaninan Congress of
Neuro-Radiology

Bangkok, Thailand

March 28, 2011 | Volume 3 | Issue 3 |



wJ

World Journal of
Radiology

Online Submissions: http:/ /www.wjgnet.com/1949-8470office
wjr@wjgnet.com
www.wjgnet.com

World | Radiol 2011 March 28; 3(3): I-V
ISSN 1949-8470 (online)
© 2011 Baishideng. All rights reserved.

Instructions to authors

GENERAL INFORMATION

World Journal of Radiology (World | Radiol, W]R, online ISSN
1949-8470, DOI: 10.4329), is a monthly, open-access (OA), peet-
reviewed journal supported by an editorial board of 319 experts in
Radiology from 40 countries.

The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation
and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.e. the maximization of the value to
the readers, authors and society.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between scien-
tists and the public. As we all know, the significance of the publica-
tion of scientific articles lies not only in disseminating and com-
municating innovative scientific achievements and academic views,
as well as promoting the application of scientific achievements, but
also in formally recognizing the “priority” and “copyright” of in-
novative achievements published, as well as evaluating research per-
formance and academic levels. So, to realize these desired attributes
of WJK and create a well-recognized journal, the following four
types of personal benefits should be maximized. The maximization
of personal benefits refers to the pursuit of the maximum personal
benefits in a well-considered optimal manner without violation of
the laws, ethical rules and the benefits of others. (1) Maximization
of the benefits of editorial board members: The primary task of
editorial board members is to give a peer review of an unpublished
scientific article via online office system to evaluate its innovative-
ness, scientific and practical values and determine whether it should
be published or not. During peer review, editorial board members
can also obtain cutting-edge information in that field at first hand.
As leaders in their field, they have priority to be invited to write
articles and publish commentary articles. We will put peer review-
ers’ names and affiliations along with the article they reviewed in
the journal to acknowledge their contribution; (2) Maximization of
the benefits of authors: Since WJR is an open-access journal, read-
ers around the world can immediately download and read, free of
charge, high-quality, peer-reviewed articles from WJR official web-
site, thereby realizing the goals and significance of the communica-
tion between authors and peers as well as public reading; (3) Maxi-
mization of the benefits of readers: Readers can read or use, free of
charge, high-quality peer-reviewed articles without any limits, and
cite the arguments, viewpoints, concepts, theories, methods, results,
conclusion or facts and data of pertinent literature so as to vali-
date the innovativeness, scientific and practical values of their own
research achievements, thus ensuring that their articles have novel
arguments or viewpoints, solid evidence and correct conclusion;
and (4) Maximization of the benefits of employees: It is an iron law
that a first-class journal is unable to exist without first-class editors,
and only first-class editors can create a first-class academic journal.
We insist on strengthening our team cultivation and construction so
that every employee, in an open, fair and transparent environment,
could contribute their wisdom to edit and publish high-quality ar-
ticles, thereby realizing the maximization of the personal benefits
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of editorial board members, authors and readers, and yielding the
greatest social and economic benefits.

Aims and scope

The major task of WJR is to rapidly report the most recent improve-
ment in the research of medical imaging and radiation therapy by the
radiologists. I”JR accepts papers on the following aspects related to
radiology: Abdominal radiology, women health radiology, cardiovas-
cular radiology, chest radiology, genitourinary radiology, neuroradiol-
ogy, head and neck radiology, interventional radiology, musculoskel-
etal radiology, molecular imaging, pediatric radiology, experimental
radiology, radiological technology, nuclear medicine, PACS and
radiology informatics, and ultrasound. We also encourage papers that
cover all other areas of radiology as well as basic research.

Columns

The columns in the issues of WJR will include: (1) Editorial: To in-
troduce and comment on major advances and developments in the
field; (2) Frontier: To review representative achievements, comment
on the state of current research, and propose directions for future
research; (3) Topic Highlight: This column consists of three formats,
including (A) 10 invited review articles on a hot topic, (B) a com-
mentary on common issues of this hot topic, and (C) a commentary
on the 10 individual articles; (4) Observation: To update the develop-
ment of old and new questions, highlight unsolved problems, and
provide strategies on how to solve the questions; (5) Guidelines for
Basic Research: To provide guidelines for basic research; (6) Guide-
lines for Clinical Practice: To provide guidelines for clinical diagnosis
and treatment; (7) Review: To review systemically progress and
unresolved problems in the field, comment on the state of current
research, and make suggestions for future work; (8) Original Articles:
To report innovative and original findings in radiology; (9) Brief
Articles: To briefly report the novel and innovative findings in radiol-
ogy; (10) Case Report: To report a rare or typical case; (11) Letters to
the Editor: To discuss and make reply to the contributions published
in WJR, or to introduce and comment on a controversial issue of
general intetest; (12) Book Reviews: To introduce and comment on
quality monographs of radiology; and (13) Guidelines: To introduce
consensuses and guidelines reached by international and national
academic authorities worldwide on the research in radiology.
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SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
authors except where indicated otherwise.

Biostatistical editing

Statisital review is performed after peer review. We invite an expert
in Biomedical Statistics from to evaluate the statistical method used
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in the paper, including ~test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
ete. The reviewing points include: (1) Statistical methods should
be described when they are used to verify the results; (2) Whether
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects ().
Losses in observations, such as drop-outs from the study should be
reported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any po-
tential bias, WJR requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in trelation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requitements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors (ICMJE), which is available at: http://wwwicmje.
otg/cthical_4conflicts.html.

Sample wording: [Name of individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names
of organizations|, and has received research funding from [names of
organization|. [Name of individual] is an employee of [name of or-
ganization|. [Name of individual] owns stocks and shates in [name of
organization|. [Name of individual] owns patent [patent identification
and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee
or it should be stated cleatly in the text that all persons gave their
informed consent prior to their inclusion in the study. Details that
might disclose the identity of the subjects under study should be
omitted. Authors should also draw attention to the Code of Ethics
of the Wortld Medical Association (Declaration of Helsinki, 1964,
as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Trials) and/or the Wotld Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional review board.
If human participants were involved, manusctipts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
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Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encour-
age all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each authot’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned
to the author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing,

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http:/ /www.wjgnet.com/1949-84700office. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://www.wjgnet.com/1949-8470/g_info_
20100316162358.htm) before attempting to submit online. For
assistance, authors encountering problems with the Online Submi-
ssion System may send an email describing the problem to wjr@
wijgnet.com, or by telephone: +86-10-85381892. If you submit your
manuscript online, do not make a postal contribution. Repeated
online submission for the same manusctipt is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by International Committee of Medical Journal
Editors, based on (1) substantial contributions to conception and
design, acquisition of data, ot analysis and interpretation of data; (2)
drafting the article or revising it critically for important intellectual
content; and (3) final approval of the version to be published. Au-
thors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
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Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JE Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L. and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive foundations should be provided, e.g,, Supported by National
Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g,, Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in IWJR, reviewers of
accepted manuscripts will be announced by publishing the name,
title/position and institution of the reviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, Shanghai, China; Professor Xin-Wei Han, Department of
Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements
for structured abstracts are as follows:

An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections. AIM
(no more than 20 words): Only the purpose should be included.
Please write the aim as the form of “To investigate/study/...;
MATERIALS AND METHODS (no more than 140 words);
RESULTS (no more than 294 words): You should present P val-
ues where appropriate and must provide relevant data to illustrate
how they were obtained, e.g. 6.92 + 3.86 »s 3.61 £ 1.67, P < 0.001;
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Text
For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-

K

;guamaﬁ.,g@ WJR | www.wjgnet.com

1

Instructions to authors

DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both. The main text format of these sections, editotial,
topic highlight, case report, letters to the editors, can be found at:
http:/ /www.wignet.com/1949-8470/¢_info_20100313183720.htm.

Illustrations

Figures should be numbered as 1, 2, 3, e«., and mentioned cleatly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wijgnet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all clements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ..;B: . Gy D Bl Fr o Ge e It ds our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e, and mentioned
cleatly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05, P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other seties of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of Pvalues can be expressed as °P < 0.05 and P < 0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, 0O, A, /\, ez., in a certain se-
quence.

Acknowledgments

Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system

The author should number the references in Arabic numerals ac-
cording to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability!””, Tf references are cited directly
in the text, they should be put together within the text, for example,
“From references! "> *!, we know that...”

When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensutre
the spelling accuracy of the first author’s name. Do not list the same
citation twice.
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PMID and DOI

Pleased provide PubMed citation numbers to the reference list, e.g.
PMID and DOI, which can be found at http://www.ncbi.nlm.nih.
gov/sites/entrez?db=pubmed and http://www.crossref.org/Sim-
pleTextQuery/, respectively. The numbers will be used in E-version
of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-faced
letters. The family name of all authors should be typed with the ini-
tial letter capitalized, followed by their abbreviated first and middle
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR). The title of the cited article and italicized
journal title (journal title should be in its abbreviated form as shown
in PubMed), publication date, volume number (in black), start page,
and end page [PMID: 11819634 DOI: 10.3748 /wjg:13.5396].

Style for book references

Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.

Format

Journals

English jonrnal article (list all anthors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
A prospective controlled two-center study. World | Gastroenterol
2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg13.
6350]

Chinese journal article (list all authors and include the PMID where applicable)

2 Lin GZ, Wang X7, Wang P, Lin |, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
rhoea. Shijie Huaren Xiaohna Zaghi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Nat! Acad Sci USA
2006; In press

Organization as author

4 Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hyperzension 2002; 40: 679-686 [PMID: 12411462
PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]

Both personal authors and an organization as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar R];
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI1:10.1097/01.ju.
0000067940.76090.73]

No anthor given

6 21st century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI:10.1046/
j.1526-4610.42.52.7 X]

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97,/00003086-200208000-00026]
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No volume or issue
9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10 Sherlock S, Dooley |. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigatot’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper

14 Christensen S, Oppacher F. An analysis of Koza's computa-
tional effort statistic for genetic programming, In: Foster JA,
Lutton E, Miller ], Ryan C, Tettamanzi AG, editors. Genetic
programming, EuroGP 2002: Proceedings of the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5;
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis setial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
1

Statistical data

Write as mean = SD or mean * SE.

Statistical expression

Express 7 test as 7 (in italics), I test as F (in italics), chi square test as
XZ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 = 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ex. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1949-8470/
g info_20100313185816.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.
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Italics

Quantities: 7 ime or temperature, ¢ concentration, 4 area, /length,
m mass, I volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EewRI, Hind1, BanHI, Kbo 1, Kpn 1, et.

Biology: H. pylori, E coli ete.

Examples for paper writing
Editorial: http://www.wjgnet.com/1949-8470/¢_info_20100313
182341.htm

Frontier: http:/ /wwwiwjgnet.com/1949-8470/g_info_2010031318
2448 htm

Topic highlight: http:/ /wwwwignet.com/1949-8470/¢_info_201003
13182639.htm

Obsetvation: http:/ /wwwwignet.com/1949-8470/¢_info_20100313
182834.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/1949-8470/
g _info_20100313183057.htm

Guidelines for clinical practice: http://www.wjgnet.com/1949-
8470/¢_info_20100313183238.htm

Review: http://www.wjgnet.com/1949-8470/¢_info_20100313
183433.htm

Original articles: http://wwwwignet.com/1949-8470/¢_info_2010
0313183720.htm

Btief articles: http://wwwwijgnet.com/1949-8470/g_info_201003
13184005.htm

Case report: http://wwwwijgnet.com/1949-8470/¢_info_20100313
184149.htm

Letters to the editor: http://wwwwignet.com/1949-8470/¢_info_20
100313184410.htm

Book reviews: http://wwwwignet.com/1949-8470/¢_info_201003
13184803.htm

Guidelines: http://wwwwijgnet.com/1949-8470/¢_info_20100313
185047 .htm

SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Please revise your article according to the revision policies of WJR.
The revised version including manuscript and high-resolution im-
age figures (if any) should be re-submitted or uploaded online. The
author should send copyright transfer letter, and responses to the
reviewers and science news to us zia email.

Editorial Office
World Journal of Radiology
Editorial Department: Room 903, Building D,
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Ocean International Center, No. 62 Dongsihuan Zhonglu,
Chaoyang District, Beijing 100025, China

E-mail: wjir@wjgnet.com

http:/ /www.wignet.com

Telephone: +86-10-85381892

Fax: +86-10-85381893

Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Copyright assignment form
Please download a Copytight assignment form from http://www.
wjgnet.com/1949-8470/¢_info_20100313185522.htm.

Responses to reviewers

Please tevise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/1949-8470/
g_info_20100313185358.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Links to documents related to the manuscript

IVJR will be initiating a platform to promote dynamic interactions be-
tween the editors, peer reviewers, readers and authors. After a manu-
script is published online, links to the PDF version of the submitted
manuscript, the peer-reviewers’ report and the revised manuscript will
be put on-line. Readers can make comments on the peer reviewer’s
report, authors’ responses to peer reviewers, and the revised manu-
script. We hope that authors will benefit from this feedback and be
able to revise the manusctipt accordingly in a timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.curekalert.org). The tite for
news items should be less than 90 characters; the summary should
be less than 75 words; and main body less than 500 words. Science
news items should be lawful, ethical, and strictly based on your
original content with an attractive title and interesting pictures.

Publication fee

WJR is an international, peer-reviewed, Open-Access, online jour-
nal. Articles published by this journal are distributed under the
terms of the Creative Commons Attribution Non-commercial
License, which permits use, distribution, and reproduction in any
medium, provided the original work is properly cited, the use is
non commercial and is otherwise in compliance with the license.
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