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Abstract

In the past few years, there have been multiple ad-
vances in magnetic resonance (MR) instrumentation,
in vivo devices, real-time imaging sequences and in-
terventional procedures with new therapies. More re-
cently, interventionists have started to use minimally
invasive image-guided procedures and local therapies,
which reduce the pain from conventional surgery and
increase drug effectiveness, respectively. Local therapy
also reduces the systemic dose and eliminates the toxic
side effects of some drugs to other organs. The suc-
cess of MR-guided procedures depends on visualization
of the targets in 3D and precise deployment of abla-
tion catheters, local therapies and devices. MR contrast
media provide a wealth of tissue contrast and allows
3D and 4D image acquisitions. After the development
of fast imaging sequences, the clinical applications of
MR contrast media have been substantially expanded
to include pre- during- and post-interventions. Prior to
intervention, MR contrast media have the potential to
localize and delineate pathologic tissues of vital organs,
such as the brain, heart, breast, kidney, prostate, liver
and uterus. They also offer other options such as label-
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ing therapeutic agents or cells. During intervention,
these agents have the capability to map blood vessels
and enhance the contrast between the endovascular
guidewire/catheters/devices, blood and tissues as well
as direct therapies to the target. Furthermore, labeling
therapeutic agents or cells aids in visualizing their de-
livery sites and tracking their tissue distribution. After
intervention, MR contrast media have been used for as-
sessing the efficacy of ablation and therapies. It should
be noted that most image-guided procedures are under
preclinical research and development. It can be con-
cluded that MR contrast media have great value in pre-
clinical and some clinical interventional procedures. Fu-
ture applications of MR contrast media in image-guided
procedures depend on their safety, tolerability, tissue
specificity and effectiveness in demonstrating success
of the interventions and therapies.

© 2012 Baishideng. All rights reserved.

Key words: Magnetic resonance imaging; Contrast me-
dia; Magnetic resonance-guided interventions; Tissue
ablation; Local therapy
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INTRODUCTION

Image-guided procedures are a minimally invasive form
of treatment for diseased vessels and organs. Catheters,
devices and therapies are introduced into internal or-
gans via different routes and can be guided by real-time
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imaging. Image-guided procedures are consequently less
invasive than surgical procedures and demonstrate similar
patient outcomes'”. Recent percutaneous intervention
studies showed steady increase in the usage of contrast
media. lodinated contrast media are routinely utilized in
procedures guided by X-ray fluoroscopy and computed
tomography, but these agents have nephrotoxic effects
and require ionizing radiation to be visualized, which el-
evates cancer risk™”.

In the early 1980 magnetic resonance (MR) contrast
media were introduced. MR contrast media exhibit para-
magnetic properties that lead to contrast enhancement by
shortening the longitudinal (T1) or transverse (T2) relax-
ation times. These agents rapidly pass to the extracellular
compartment and ate quickly eliminated by glomerular
filtration. Unlike iodinated contrast media, they do not
require ionizing radiation to be visualized. These agents
are pivotal for accurate disease detection, pathology char-
acterization and treatment planning. MR contrast media
provide a wealth of tissue contrast that can be manipulat-
ed by the acquisition sequences. Refinements in imaging
sequences can reduce the requited dose of MR contrast
media. This editorial summarizes the important applica-
tions of MR contrast media in MR-guided interventions
and therapies.

MR CONTRAST MEDIA

MR contrast media represent alternative diagnostic op-
tions in patients at risk for adverse reactions to iodinated
contrast media. In the early phase of using MR contrast
media, the main problem was their toxicity because inves-
tigators used pure paramagnetic heavy metal ions. Later
paramagnetic ions were chelated with DTPA, DOTA or
BOPTA to reduce their toxicity. The chelation, however,
reduced some of the paramagnetic properties of free
ions. MR contrast media improve diagnostic accuracy,
tissue contrast and visibility of inflammation, necrosis,
tumor and vascular plaques.

In the late 1980 and early 1990 the first gadolinium-
chelate was approved for clinical routine. Currently, the
FDA has approved several extracellular gadolinium-che-
lates and only one gadolinium-based intravascular agent
(gadofosveset trisodium)". Other preclinical gadolinium-
based intravascular media, which are used to extract
physiologic and morphologic information are Gadomer
17 and P792%. Extravasation and elimination of in-
travascular contrast media are very slow compared with
extracellular contrast media.

In general extracellular gadolinium chelate and blood
pool iron oxide particle MR contrast media have been
safely and successfully used in patients. In 2005 the obser-
vation of nephrogenic systemic fibrosis (NSF), however,
cautioned the handling of gadolinium-based MR contrast
media™. NSF describes a systemic body collagenosis,
most likely evoked by the deposition of gadolinium ions
in the tissue. NSF was observed in patients with reduced
renal function (eGFR < 30 ml./min) after the repeated
injection of high doses of gadolinium—chelatesm. Besides
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the dose, the chemical structure of the chelate (defining
the complex stability) has a major impact in increasing
the risk of developing NSE Thus, there is a strong need
to minimize the dose of MR contrast media, especially in
interventional procedures, where patients are subjected to
repeated contrast injections.

Classification of MR contrast media is based on: (1)
their distribution in the tissue compartments, namely
the extracellular compartment (low molecular weight; <
2 kDa), intravascular compartment (high molecular weight;
> 50 kDa), or intracellular compartment or (2) their effects
on longitudinal (T1), transverse (T2) relaxation times and
susceptibility shift (T2*) of tissues and thereby change
tissue signal intensityp’loj. While T1shortening increases
signal intensity, T2 shortening does the opposite. Extra-
cellular or low molecular weight MR contrast media were
widely used in interventional procedures, while intravas-
cular or high molecular weight media, such as iron oxide
particles, were used for cell labeling;

Iron oxide particles have been used as T1 and T2*
MR contrast media to increase and decrease signal in-
tensity of the region of interest on magnetic resonance
imaging (MRI). Due to their size and composition, the
particles remain in the intravascular compartment for a
prolonged period. This class of agents has a high safety
index and is not associated with NSE. There are two
types of iron particles: (1) superparamagnetic iron oxide
particles; and (2) ultrasmall superparamagnetic iron oxide
particles. These agents are promising since their proper-
ties can be tuned for specific applications, such as cell
labeling, drug targeting ", tissue ablation" and cancer
therapy“sl. They have also become MR markers of in-
flammatory and degenerative disorders associated with a

high macrophage phagocytic activitylmj.

APPLICATIONS OF MR CONTRAST
MEDIA IN BODY INTERVENTIONS

Endovascular catheters and devices
A considerable research effort is directed at improving
the detection of vascular disease with different imag-
ing modalities, such as X-ray, computed tomography,
intravascular ultrasound and MR angiography. Because
of lack of harmful radiation and high soft tissue con-
trast, MR angiography is considered the most patient-
friendly among these techniques. The main challenge for
MR angiography is derived from the fact that the signal
originates from water protons, which are abundant in the
body. Inevitably, this leads to a background signal in the
image and the blood pool cannot exclusively be seen.
Clinical and experimental studies showed that con-
trast enhanced MR angiography is possible for a selective
and exclusive visualization of the vasculature. Delivering
MR contrast media during catheter navigation can reduce
image blurring and artifacts resulting from the movement
of flowing blood, which allows for reaching the steady
state eatlier. Endovascular catheters and devices appear
as dark objects in these cases. Furthermore, intravenous
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Figure 1 Selected magnetic resonance-guided images of the abdominal aorta prior to the administration of intravascular gadolinium-based (T1 enhancing
agent) magnetic resonance contrast medium, the inflated balloon on the catheter is evident (arrow), but suffers substantial downstream signal loss (A).
After a blood pool magnetic resonance (MR) contrast medium administration (B), the MR dysprosium-chelate (markers placed on the catheter shaft) becomes evident
(arrows, B) and, following inflation, the spatial extent of the balloon is better delineated (arrow, C).

Figure 2 Gadolinium-based magnetic resonance contrast media (T1 enhancing agent) have been used for multiple purposes in cardiac interventions. A:
These agents (at a low concentration) have been used to create a target in the myocardium; B: Gadolinium oxide powder was used to coat the endovascular catheter
to facilitate navigation into the LV (white arrowhead); C: Magnetic resonance (MR) contrast medium was also used for enhancing and measuring the target (myocardial
infarct) (white arrows); D: Selected MR-guided images show an active catheter hitting the infarcted target.

injection of MR contrast media during vascular interven-
tion ensures procedure safety by enhancing the contrast
between the vascular wall and endovascular catheter"”
(Figure 1) and may prevent vascular perforation'”. In-
vestigators coated the shaft and tip of endovascular
catheters with either T>* or Ti"”*” MR contrast media
to enhance the contrast between the blood pool and en-
dovascular catheter, in which the devices appear either
hypoenhanced or hyperenhanced based on the sequence
and contrast media.

(49
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Defining targets

A central challenge for the field of local therapy in tu-
mors and cardiovascular diseases is the capability to vi-
sualize the catheter, target and targeting penumbra. MR
contrast media showed promising results in visualizing,
sizing and targeting penumbra (Figure 2), thereby allow-
ing the interventionalists to determine the dose of the
therapy based on size of the pathology. Furthermore,
mixing MR contrast media with therapies may assist in
ensuring tissue delivery and track its distribution over
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Figure 3 Selected magnetic resonance-guided images showing the advancement of a passive injecting catheter (arrowheads) in the left ventricle prior to
(A) and after injecting dysprosium-chelate (T2* enhancing agent) magnetic resonance contrast medium (B, arrowhead) to ensure delivery in the targeted

myocardium.

time (Figures 2 and 3).

MR contrast media are useful in evaluating the ef-
ficacy of therapy by allowing the determination of tissue
perfusion, blood volume, vascular permeability, angiogen-
esis and cellular integritymzz]. For example, after effective
chemotherapy there is a decrease in the size of the lesion
and number of microvessels, which can be detected on
contrast enhanced MR images.

Body Interventions
Transcatheter embolization of the uterine artetries for
treatment of uterine fibroids was introduced 1995 in
France and has been performed in the United States
since 1996. This technique is currently used for treatment
of symptomatic uterine fibroids™ and hepatocellular tu-
mors”Y. The standard protocol for evaluation of this in-
tervention consists of dynamic gadolinium-enhanced 3D
pelvic MR angiography and delayed contrast enhanced
MRI™. Prior to transcatheter embolization of the uterine
arteries, contrast enhanced MRI is performed to confirm
the diagnosis, map (determine the size, number and loca-
tion of the pathology), predict treatment response (high
signal intensity associated with poor response) and road-
map the pelvic vasculature”™. Embolization follow up
showed that the procedure was successful when fibroids
were unenhanced and the uterine arteries were invisible
on perfusion MRI®". In a rabbit tumor model, Chung
et al”® used intra-arterial bolus injection of gadolinium-
based MR contrast medium to measure uterine fibroid
perfusion before and after uterine artery embolization.
After positioning a catheter within the uterine artery and
injecting the microemboli, they found that uterine tumor
perfusion decreased by 76% on MRI. Others found that
patchy perfusion suggests incomplete uterine artery oc-
clusion and treatment failure™ ", This contrast enhanced
MRI technique could be used to determine an optimal
embolic endpoint with the long-term goals of improving
uterine artery embolization success rates and minimizing
procedure-related ischemic pain.

A major limitation of transcatheter arterial emboli-
zation is the inability to image and determine the 7 vivo
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fate of the injected emboli. Assessment of embolization
relies on interpretation of visual blood flow informa-
231 and operator inferences. The limitations of
transcatheter arterial embolization were demonstrated in
a study probing the perceived and real completeness of
uterine fibroid embolization. Investigators found incom-
plete embolization in 20% of cases despite indications
by angiography of complete occlusion. They also found
that incomplete embolization of uterine fibroids has led
to tumor recurrence and persistence of symptoms”™”,
while exceeding the endpoint by injecting too much em-
bolic material increases the chances of uterine damagem.
Until recently, there has been no noninvasive technique
to track/map the distribution of embolic materials after
intervention, which represents a significant disadvantage.
Therefore, Fidelman e a/”” impregnated the embolic
materials (300-500 and 500-700 um in diameters) with
gadolinium-chelate by diffusion of the contrast medium
into the core of the porous particles to visualize their
distribution. Wilson e¢# @/ used these impregnated em-

bolic materials in visualizing the obstruction of different

tion

diameter blood vessels in the kidneys. These materials
provided wave-front renal enhancement for > 1 h after
injection. Large microemboli preferentially deposited in
the medulla, while small microemboli deposited in the
cortex. Renal blood flow was significantly reduced after
the administration of 300-500 pm microspheres (from 3.9
to 1.0 mL/min per gram) and 500-700 um microspheres
(from 3.5 to 0.2 mL/min per gram)™* (Figure 4).

In 2008, Cilliers e7 /™ synthesized and characterized
polyvinyl alcohol embolic particles modified with a clini-
cally approved gadolinium-chelate MR contrast media.
The investigators used these particles during transcath-
eter arterial embolization procedures. The polyvinyl alco-
hol particles are injected into tumor vessels and prevent
blood flow, which results in tumor attenuation. They
found that MRI of embolic particles facilitate determina-
tion of the endpoint of embolization, observe nontarget
embolization, and improve the success rate of the proce-
dure.

In 2011, Bartling ez al™ presented embolization con-
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Figure 4 Distribution of magnetic resonance labeled embolic materials as a function of time in the left kidney. Gadolinium-impregnated microspheres caused
a steep increase in signal intensity over the cortical and medullary regions. Less than 5 min after the injection, as excess free gadolinium was excreted in the urine,
the signal intensities began to decrease but still remained substantially above baseline for both particle sizes. Administration of magnetic resonance contrast media
after the procedure confirmed the hypothesis that the injection of microspheres halts blood flow to targeted tissues. Hyperenhanced foci corresponding to microsphere
location persisted for at least 1hr after injections. The smaller particles tended to settle more peripherally in the renal cortex, whereas the larger microspheres were
lodged in the inner cortical and medullary regions. This new labeling technique may be useful for embolotherapy procedures, such as uterine fibroid embolization,

hepatic tumor embolization, and preoperative meningioma embolization.

trast media with a property of being visible on MRI and
X-ray/computed tomography, namely iodine and iron
particles. They proposed that implementation of this new
material in clinical radiology will provide optimization of
embolization procedures with regard to prevention of
particle misplacement and direct intraprocedural visual-
ization, while improving follow-up examinations by uti-
lizing the complementary characteristics of CT and MRL

An important clinical application of MR contrast me-
dia is that shown by Wilson e# al™ where patients with
inoperable hepatocellular carcinoma were successfully
treated using iron particles bound to doxorubicin. The
particles ranged from 0.5-5.0 um in diameter and were
able to leave the vasculature under the influence of the
force provided by the external magnet. Once the particles
are outside the vasculature, doxorubicin desorbs from
them, resulting in a local response with no systemic toxic-
ity. Figures 5 and 6 show the setting of this clinical trial.
Drug-bound iron particles can be precisely directed to
selective organs by placement of an external magnet. In
this study, MR contrast media showed the need for more
therapy because of the lack of coverage of the entire
tumor in the initial administration. MR images obtained
after each dose of the chemotherapeutic agent showed
increasing areas of signal intensity loss due to a magnetic
susceptibility artifact caused by the iron.

Tissue ablation
Thermal ablation therapies (radiofrequency ablation, in-
terstitial laser thermotherapy, microwave, cryotherapy and
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high-intensity focused ultrasound) are minimally invasive
or non-invasive alternatives to conventional surgical re-
section. Ablation has been widely implemented in treating
arrhythmia in the heart and tumors in the prostate, lung,
liver, kidneys, ez. Contrast enhanced MRI has been suc-
cessfully used to assess the success of ablation” . The
diagnostic benefits of MR contrast media in differentiat-
ing ablated from non-ablated tissue have been confirmed
in multiple centers™™*"!. Prior to the administration of
MR contrast media, the appearance of thermally ablated
tissue varies between hypointense, isointense and hyper-
intense. After ablation, MR contrast media provide mod-
erate to intense enhancement of the rim surrounding the
thermally ablated tissue. In a prostate cancer study, RFA
ablated lesions appear hypoenhanced after gadolinium in-
jectionm. Similarly, Goldberg and Dupuy observed a lack
of contrast enhancement after gadolinium injection in
ablated liver metastasis'™. Accordingly, changes in signal
intensity, size, and internal contours of ablated tissue on
contrast enhanced MRI gives important clues about the
success of therapyw.

Contrast enhanced MRI is also useful for arrhythmic
U540 This technique has the ability
to encompass the target volume through direct imaging
of signal enhancement after tissue ablation in patientsm.
Clinical studies have demonstrated the association be-
tween infarct scar, peri-infarcted zone and the risk of
monomorphic ventricular tachycardia®***. An inte-
grated 3D scar reconstruction from delayed gadolinium-
enhanced MRI was used to facilitate ventricular tachycar-

substrate identification
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Magneticlly targeted carrier (MTC-DOX)

1-2 um Fe-activated carbon complexes bound to doxorubicin
Delivered through arterial catheter

Drawn into tissue by portable external magnet

Readily visible on MRI (Fe susceptibiliy artifact)
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Figure 5 This figure shows a portable magnet (left) and a diagram (right) depicts the mode of action of magnetic targeted therapy in the target. The overall
height of the magnet and holding apparatus is 1.4 m. The intra-arterial injected magnetic targeted carrier (iron particles) bound to doxorubicin (MTC-DOX), which is drawn
out of the artery into surrounding tumor and/or liver tissue by the influence of the local magnetic field (Image courtesy of FeRx.). MRI: Magnetic resonance imaging.

Figure 6 Coronal magnetic resonance images of large hepatocellular carcinoma obtained before magnetic targeted carrier bound to doxorubicin adminis-
tration (A) and after the first (B), second (C) and third (D) dose of magnetic targeted carrier bound to doxorubicin. The selective hepatic arterial catheter was
repositioned between each dose. The initial DSA image (E) was obtained during the injection of magnetic targeted carrier bound to doxorubicin (MTC-DOX) into the
left hepatic artery supplying the tumor. The next dose was injected into the hepatic artery branch segment (F), while the third dose was injected into a branch of the
right hepatic artery (G). As a result, progressively larger areas of the tumor were affected by MTC-DOX, as documented by the progressive loss of signal intensity due
to iron susceptibility artifacts (T2*) on the intra-procedural coronal magnetic resonance images obtained after each injection.

0]

. . 5 51 . .. .. . .. .
dia ablation™. van Dockum ez a/*" evaluated myocardial contrast media in providing diagnostic information on

infarction induced by percutaneous transluminal septal
myocardial ablation in symptomatic patients with hy-
pertrophic obstructive cardiomyopathy using contrast-

enhanced MRI.

Device deployment
A recent experimental study showed the value of MR
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an atrial septal defect, a congenital heart defect in which
the wall that separates the atria does not close completely.
Schalla ¢z a/™ found in an experimental study that gado-
linium-filled balloon sizing is a useful method for detect-
ing and sizing the atrial septal defects. They also used MR
contrast media to demonstrate intracardiac left-to-right
shunt prior to the placement of atrial septal defect device
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Figure 7 Bolus administration of gadolinium-chelate demonstrates atrial
septal defect on cardiac magnetic resonance four-chamber view images.
At the time of administration of the contrast medium, the right atrium was
enhanced (A, arrow). Images acquired 1-2 s later show the contrast medium
in both the pulmonary artery and left atrium (B, arrows) and subsequently in
both right (arrow) and left ventricles (C). As a sign of an intracardiac left-to-
right shunt, enhancement of the right ventricle is detected simultaneously with
enhancement of the left ventricle. The re-enhancement of the right ventricle (D,
arrow) as a result of recirculation of the contrast medium was acquired 12 s
after image A.

closure, where contrast enhancement of the right ventricle
is detected simultancously with enhancement of the LV

(Figure 7).

Therapy
Transendocardial and transvascular routes have been re-
cently used to deliver MR labeled gene and cell therapies.
The advantages of labeled therapies are: (1) targeting only
pathologic regions; (2) delivering effective doses; and (3)
reducing systemic side effects compared with IV injec-
tion” ™, Unlike intramyocardial injection, intracoronary
artery injection of stem cells causes microinfarct, which
was confirmed by increase in serum troponin I concen-
tration and electrophysiologic abnormalities detected
on electrocardiogramlssj. Recent MR and MDCT studies
showed the effectiveness of MR and CT contrast media
in detecting and measuring microinfarct size”"".

MR contrast media showed great promise in detect-
ing specific biological processes involved in the initiation
and progression of atherosclerosis that may require intra-

59,60]

. . 61 .
vascular intervention . von Bary ez al®" experimentally

demonstrated the feasibility of noninvasive assessment of
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coronary remodeling, using elastin-binding gadolinium.
Such data could facilitate the interpretation of clinical find-
ings, enhance risk stratification and provide a means for
local therapy. Monitoring extracellular matrix changes by
contrast-enhanced MRI appears promising for the assess-
ment of plaque burden in atherosclerosis or neointimal hy-
perplasia after coronary angioplasty and other t‘herapies[()2|

MR contrast media have also been used in quantifying
the sizes of the area at risk, myocardial infarct and visual-
izing therapeutic delivery in the target. Saced ez @/*” used
MR contrast media in measuring ischemic and infarcted
myocardium prior to and after transendocardial delivery
of hepatocyte growth factor gene and endothelial growth
factor gene using MR-guided procedures. They found
that gene treated animals have better perfusion and sig-
nificantly smaller infarct size than control animals on
contrast enhanced MRI (Figure 8).

MR contrast media have also been used to label cells
in order to track their distribution in myocardium after
intramyocardial injection under MR—guidancelM] or intra-
coronary infusion®*”. Graham ez a/*” were able to fol-
low the distribution of iron oxide labeled bone matrrow
progenitor cells for 42 d after intracoronary infusion.
The transendocardial delivery route has been shown to
be safe in patients with end-stage heart failure’”. Recent
preclinical and clinical studies showed the importance
of MR contrast media in determining the efficacy of

S0 First pass MR contrast media passage
[71]

stem cells!
documented the benefits of angiogenic growth factors
and angiogenic genespZI in increasing regional myocardial
perfusion (Figure 9). Pearlman ez a/’ were the first to
demonstrate the recruitment of collateral vessels after lo-
cal delivery of angiogenic genes, using perfusion MRI.

Angiography
Visualization of vascular anatomy, pathology (stenosis,
aneurism, plaque) or implants (stents, filters, atrio-septal
occluders or prosthetic heart valves) is crucial in inter-
ventional procedures. MR contrast media have been
used in road mapping blood vessels”™™ demonstrating
vascular diseases and easing visualization of endovascular
devices”". These agents were delivered intravenously or
intraarterially to enhance arterial ™™™ or venous vessels”.
Inflammation is a key process in atherosclerotic pro-
gression and has been associated with increased frequen-
cy of plaque rupture[ﬁj. Ultrasmall superparamagnetic
iron oxide particles have been used in characterizing
atherosclerotic plaques from many different perspectives.
These agents are effective markers of plaque inflamma-
tion. Different plaque tissues can then be characterized
based on their enhancement propertiesP81

Cell labeling

Both gadolinium and iron oxide based contrast media are
useful for labeling different types of cells that assist in
cell tracking”™™. These agents have no negative effects
on cell viability, proliferation or differentiation™. The
toxicity of iron oxide particles is less than free gado-
linium because free iron patticles released from dead iron
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5 wk after
infarction

10 wk after
infarction

5 wk after
infarction

10 wk after
infarction and
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delivery of
angiogenic
genes

Figure 8 Gadolinium-enhanced magnetic resonance long-axis (left column) and short-axis (right column) images illustrate the extent of myocardial infarct
(hyperenhanced myocardium) at 5 wk after infarction and 5 wk after injection of saline (top block, 4 magnetic resonance images) and angiogenic gene
(bottom block, 4 magnetic resonance images). Gadolinium-enhanced magnetic resonance (MR) images delineated myocardial infarct and showed substantial
reduction in infarct extent and transmurality 5 wk after treatment (bottom block, bottom row, white arrows) compared with control animal (top block, bottom row). The
angiogenic gene was delivered transendocardially under MR-guidance as shown in Figure 2. The histopathologic sections (right) show very few blood vessels in con-
trol animal (top right, black arrows) and the formation of abundant new blood vessels in gene treated animal (bottom right, black arrows).

12s 60 s

Figure 9 First pass perfusion magnetic resonance imaging shows the hypoperfused infarct scar (arrows) after bolus administration of Gd-DTPA. The mag-
netic resonance (MR) images illustrate the delay in the enhancement of infarcted myocardium (arrows) compared with remote myocardium. The images were acquired
at 12 s (left) and 60 s (right) after bolus administration of MR contrast media.

labeled cells are recycled in the body and not associated duration of detection of labeled cells on MRI varies
with NSE from 5 wk for embolic stem cells™” to 16 wk for skeletal

MR contrast media can be introduced into the intra- myoblasts™. Modo ez 2/* observed that gadolinium che-
cellular compartments by endocytosis, phagocytosis or late labeling allows 7z vivo identification of transplanted
magnetoelectroporation. Investigators found that the neural cells up to 1 year after transplantation in rats with
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[Drng]

Direct injection through needle
Intra-arterial transcatheter injection
Porous balloon delivery into vessel wall
Encapsulated in sphere for transcatheter injection

Figure 10 Schematic representation of magnetic resonance labeled
therapy and their routes of delivery.

middle cerebral artery occlusion. Bulte ez al™ found that
the reliable detection limit of a cluster of iron oxide-
labeled cells in beating hearts at clinical field strengths is
on the order of 100000 cells. Iron labeling of stem cells
generates a hypointense signal (dark region), related to
the susceptibility effect of the particles, on T2*-weighted
images. Iron oxide particles provide T2* parametric map
for up to 3 wk™% ¥ In the future, accurate depiction of
treated regions with MR labeled cells may permit rapid
adjustments of the therapeutic regimen to improve clini-
cal outcomes.

FUTURE PERSPECTIVES

The usage of MR contrast media in MR guided proce-
dures represents a promising modality, beyond traditional

anatomical and functional indices. Figure 10 shows a
schematic presentation of MR labeled therapy and their
routes of delivery.

Saced e a/*'" demonstrated the advantageous effects
of vascular endothelial growth factor and hepatocyte
growth factor genes, delivered transendocardially under
MR-guidance, in creating new blood vessels and reducing
the size of infarcted myocardium using gadolinium-based
MR contrast media®. Others used contrast enhanced
MRI for determining the effects of intracoronary stem
cell therapy on left ventricular function™. The investi-
gators did not observe evidence of positive effects for
intracoronary stem cells compared with placebo therapy
with respect to left ventricular ejection fraction, volume
indexes or infarct size. Other investigators found in-
tracroronary cell delivery cause microinfarction®™, MR
contrast media have been recently used to visualize myo-

. . . .[57,58
cardial microinfarct caused by coronary microemboli®”*"

and in the validation of manual thrombectomy devices™
Technical developments in mid-field MR interventional
units will lead to reduction of the dose of MR contrast
media and result in better visualization of interventional

devices.

CONCLUSION

MR contrast media are useful in interventional proce-

dures and therapy evaluation. They allow for character-
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ization of tissue and vascular pathologies. In the follow-
up they allow for monitoring of treatment success that is
not available on X-ray fluoroscopy and limits the harmful
effects of iodinated contrast media. Labeling therapies
with MR contrast media may be the future development
that will hasten the deployment of effective therapies.
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Abstract

Computed tomography (CT) and magnetic resonance
imaging (MRI) are excellent modalities which have the
ability to detect, depict and stage the nerve invasion
associated with pancreatic carcinoma. The aim of this
article is to review the CT and MR patterns of pancreat-
ic carcinoma invading the extrapancreatic neural plexus
and thus provide useful information which could help
the choice of treatment methods. Pancreatic carcinoma
is @ common malignant neoplasm with a high mortality
rate. There are many factors influencing the prognosis
and treatment options for those patients suffering from
pancreatic carcinoma, such as lymphatic metastasis,
adjacent organs or tissue invasion, efc. Among these
factors, extrapancreatic neural plexus invasion is rec-
ognized as an important factor when considering the
management of the patients.
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INTRODUCTION

Pancreatic carcinoma is a common malignant neoplasm
with a high mortality rate. There are many factors in-
fluencing the prognosis and the selection of treatment
methods for those patients suffering pancreatic carci-
noma, such as lymphatic metastasis, adjacent organs or

tissue invasion, ez. Among these factors, extrapancreatic
neural plexus invasion is recognized as an important fac-
tor when considering the management of the patients.
We all know that neurotropic growth is one of the
important biologic features of pancreatic carcinoma;
cancer cells possibly spread and metastasize through the
perineural space leading to recurrence after surgery! .
Extrapancreatic neural plexus invasion can be found in
the early stage and in small sizes of tumor, even in those
less than 2 cm in size™”. Neural invasion has been found
at operation in 91% of patients with pancreatic carci-
noma'”. Nakao ez a/'" found that 90% of intrapancreatic
nerve and 69% of extrapancreatic neural plexus were in-
volved in 204 patients with pancreatic carcinoma through
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10 years of follow-up; the survival rate in the latter group
was matkedly lower than that in the former after surgical
resection.

The mechanisms of extrapancreatic nerve invasion
have been described as follows: (1) destroying perineuri-
um directly; (2) getting into the perineural space through
perineurial vessels and reticular fibers; and (3) destroying
nerve terminal synapse adventitia. In general, carcinomas
in the head, uncinate process and tail of pancreas mainly
invade the right coelial plexus, superior mesentery artery
(SMA) netve plexus and splenic plexus, respectively”™ "',

It has been reported that the application of coronal
and sagittal multiplanar reformatted images or curved
planar reformations enhances the performance of multi-
detector row computed tomography (MDCT), especially
for the evaluation of local extension of pancreatic adeno-
carcinoma™". Tt is likely that diagnosis of extrapancreat-
ic neural plexus invasion by pancreatic carcinoma would
be more precise and exact using MDCT". Furthermore,
high resolution computed tomography (CT) and dynamic
enhanced scanning are of great help to reveal the nerve
invasion.

Magnetic resonance imaging (MRI) is a valuable tool
in the assessment of the full spectrum of pancreatic
diseases, including effective detection, diagnosis, and
evaluation of the stage of pancreatic carcinoma”. The
sequences including coronal and axial single shot fast
spin-echo (SSFSE) T2-weighted MR images, spoiled
gradient-echo (SPGR) T1-weighted in- and out-of-phase
MR images; as well as fat saturation three-dimensional
enhanced SPGR dynamic MR images, axial fat-saturated
fast recovery fast spin-echo (FRFSE) T2-weighted im-
ages, ¢fr., are used routinely in the diagnosis of pancreatic
carcinoma invasion. Dynamic enhanced MRI has an ideal
sensitivity and specificity for the detection of local tumor
extension and vascular involvement!.

Currently, the techniques of enhanced CT, T1-weighted
imaging (SPGR), T2-weighted imaging (FRFSE) and MR
dynamic enhanced scanning are proving to be the most
useful methods™™. The characteristics of imaging are
listed as follows.

IMAGING TECHNIQUES

CT techniques

Plain and contrast-enhanced CT is often used to aid the
diagnosis of pancreatic carcinoma and help evaluate
the extension including the nerve and vascular invasion.
Contrast-enhanced CT can show the tumor and the mass
(nerve invasion) clearly during rapid bolus injection of
large amounts of iodinated urographic contrast. Also, the
results have shown correlation between CT and patho-
logical ﬁndingsls’m’mj.

The introduction of multidetector-row scanners has
facilitated the acquisition of images during multiple phas-
es of intravenous contrast administration. Utilization of
the arterial dominant phase (first phase), using a scan de-
lay of 40 s has resulted in supetior pancreatic parenchy-
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mal enhancement. This has led to superior tumor-to-pa-
renchymal enhancement differences, facilitating superior
tumor detection and diagnosis, when compared to portal
venous (second phase, 70 s delay) or delayed phases (third
phase, 150 s delay) of imaging. All the images obtained
are used to reconstruct and to observe pancreatic carci-

- . [15,16
noma and the extrapancreatic invasion!™"%.,

MRI techniques

Current MR techniques using phased-array torso coils,
thin slices, and dynamic gadolinium-enhanced breath-
hold gradient-echo (GRE) sequences are optimal for
imaging of pancreatic carcinoma, and each has its own
advantages in the detection of smaller tumors and the
extension of carcinoma. For a comprehensive assessment
of pancreatic carcinoma and extrapancreatic invasion, it is
necessary and important to use different series, including
T1-weighted imaging (e.g., fast spin-echo imaging with
multiple breath-hold acquisitions or single-breath-hold
gradient echo imaging); T2-weighted imaging (e.g. FRESE
or SSFSE imaging) and fat saturation three-dimensional
enhanced SPGR dynamic MR images. The most helpful
sequences are the T1-weighted fat-suppressed and fat
saturation three-dimensional gadolinium-enhanced GRE
sequences. On the T1-weighted fat-suppressed images,
the pancreatic parenchyma usually shows high signal in-
tensity due to its abundant proteinaceous element while
the tumor is of low signal intensity. On the gadolinium-
enhanced GRE images, pancreatic carcinomas enhance
less than the surrounding parenchyma due the lack of
blood supply; when the signal of adipose tissue is very
low, the enhanced pancreatic parenchyma and vessels
render the ideal setting for observation. Furthermore,
MRI has high sensitivity in the detection of small tumors,
vascular metastasis and nerve invasion”™ .

Dynamic imaging is performed with four breath-hold
sequences- before the injection (corresponding to unen-
hanced imaging), immediately after the injection (arterial
dominant phase of enhancement), 30 s afterward (eatly
venous phase of enhancement), and 1 min afterward
(late venous phase of enhancement). An additional de-
layed phase was acquired using a two-dimensional single-
section SPGR technique in a study performed by our
grouplzz]. All the MRI pictures were taken from our hos-
pital patients, and all the examinations wetre conducted
on 1.5-T MR imagers (Signa, GE Healthcare).

CT PATTERNS OF PANCREATIC
CARCINOMA INVADING
EXTRAPANCREATIC NEURAL PLEXUS

CT has been used to study the extrapancreatic neural
plexus invasion in common bile duct carcinoma®***)
and pancreatic carcinoma. Miura™! reported that a
mass-like lesion located between the medial portion of
the uncinate process and the SMA or celiac artery could
diagnose extrapancreatic neural plexus invasion around
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Figure 1 Examples of patterns of extrapancreatic neural invasion by pancreatic carcinoma visualized by computed tomography. A: Sixty-three-year-old male
with pancreatic carcinoma in the pancreas body. Contrast-enhanced computed tomography (CT) images during the arterial dominant phase show strand-like structure
(arrow) around the superior mesenteric artery; B: Sixty-seven-year-old female with pancreatic carcinoma in the pancreas head. Contrast-enhanced CT images during
the arterial dominant phase show strand-like structure (arrow) around celiac trunk; C: Histopathology confirmed extrapancreatic neural (asterisk) invasion by pancre-
atic carcinoma (arrows) (HE, 200 x); D: Histopathology confirmed extrapancreatic neural (asterisk) invasion by pancreatic carcinoma (arrows) (HE, 200 x).

Figure 2 Patterns of extrapancreatic neural invasion by pancreatic carcinoma: Computed tomography images in a 70-year-old male with pancreatic car-
cinoma in the pancreas body and tail. A: Contrast-enhanced computed tomography image shows the coelial plexus invasion (arrow) by the tumor; B: Histological
image shows the extrapancreatic perineural (asterisk) invasion by the pancreatic carcinoma (arrows) (HE, 200 x).

the SMA and celiac artery with an accuracy of 63% on or disappeared®. The second portion of the extrapan-
CT using 5 mm slice table incremental CE-CT, when per- creatic neural plexus (PLX-1I) is more susceptible to be
formed on eight patients with pancreatic head carcinoma. invaded by carcinoma of pancreatic head""”" (Figure 1).
The main patterns of extrapancreatic neural inva- The coelial plexus is preferentially invaded by carcinoma
sion by pancreatic carcinoma on CT have been seen to of the head and body of the pancreas (Figure 2). The
include: (1) peripancreatic retroperitoneal adipose tissue splenic neural plexus is often invaded by carcinoma of
space disappeared and irregular soft tissue found in adi- the pancreatic tail™'” (Figures 3 and 4).
pose tissue space; (2) adipose tissue space around SMA Tian et al” studied 41 patients with carcinoma of
or superior mesenteric vein (SMV) disappeared; (3) adi- pancreatic head, establishing two levels of criteria (A and
pose tissue space around celiac trunk disappeared; and (4) B) for the assessment of neural plexus invasion on thin-
adipose tissue space behind spleen vein became narrow section helical CT imaging. Criterion A was with respect
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Figure 3 Patterns of extrapancreatic neural invasion by pancreatic carcinoma visualized by computed tomography in a 56-year-old female with pancreatic
carcinoma in the pancreas body. Contrast-enhanced computed tomography images (A, B) show the splenic plexus invasion (arrows) by the tumor (asterisk) in the

body of pancreas. The appearance of plexus invasion is streaky structure.

Figure 4 Characteristics of extrapancreatic neural invasion by pancreatic carcinoma on computed tomography image. A: Imaging shows the streaky and
strand-like structure (arrows) around the tail of pancreas; B: The histological picture confirmed the invasion (asterisk) by the carcinoma (arrows) (HE, 200 x).

Figure 5 Characteristics of extrapancreatic neural invasion by pancreatic carcinoma on computed tomography image in a 62-year-old male with pancre-
atic ductal carcinoma. Non-enhanced computed tomography (CT) imaging (A) and contrast-enhanced CT imaging (B) during the arterial dominant phase shows the
tumor was located in the head of pancreas and invaded medial to pancreas forming a mass (arrows).

to changes in the area around the SMA and inferior
pancreaticoduodenal artery (IPDA), because the IPDA
was mostly visualized on thin-section helical CT and was
included in the PLX-1II: A0, no change in fat attenua-
tion; Al, increase in fat attenuation, such as a streaky and
strand-like structure (Figures 1, 3 and 4); A2, mass for-
mation (Figures 2, 5 and 0) 103521 Criterion B was defined
based on the status of the jejunal trunk (JT) because |Ts
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are exclusively visualized on thin-section helical CT and
run across the PLX-1I: V-, normal JT; V+, stenosis or
obstruction of the JTDOJ.

Tian et al” reported that neural plexus was invaded
in 85% of pancreatic carcinoma, and that there was no
correlation between carcinoma size and the incidence of
carcinoma invasion to the PLX-II. The sensitivity, speci-
ficity and accuracy were, respectively, 100%, 91% and
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Figure 6 Contrast-enhanced computed tomography images of features of extrapancreatic neural invasion by pancreatic carcinoma. A and B: Imaging
shows tumor (arrows) forming the mass (arrowhead) in the space around abdominal aorta, superior mesenteric artery, superior mesenteric vein and inferior vena cava
(A) and in the space between superior mesenteric artery and inferior vena cava (B); C and D: Histological pictures demonstrate the peripancreatic invasion (asterisk)
by the carcinoma (arrows) (C, HE, 40 x; D, HE, 200 x).

Figure 7 Example of patterns of extrapancreatic neural invasion by pancreatic carcinoma and the characteristics as visualized by magnetic resonance
imaging. Fifty-seven-year-old female with pancreatic body carcinoma: magnetic resonance images. The tumor (short arrows) was located at the body of the pancreas
which showed hypointensity on T1-weighted imaging (A), arterial phase (C) and venous phase (D), while it showed hyperintensity on T2-weighted imaging (B); there
was streak-like signal intensity structure (long arrows) between pancreatic body and abdominal aorta.
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Figure 8 Characteristics of tumor and the extrapancreatic neural invasion by pancreatic carcinoma on magnetic resonance images in an 80-year-old fe-
male. The tumor was located at the region between head and body of the pancreas and invaded medial to pancreas forming a mass (arrows). A: 3D gradient-echo (GRE)
T1-weighted precontrast image; B: Fat-saturated fast recovery fast spin-echo T2-weighted image; C and D: 3D GRE T1-weighted Gd-enhanced arterial and venous
phases. Histopathology confirmed extrapancreatic neural invasion by pancreatic carcinoma (arrows); E: HE, 40 x; F: HE, 200 x.

95% according to criterion A; and 18%, 100% and 62%
according to criterion B, for evaluating the PLX-1I inva-
sion. They concluded that criterion A had higher sensitiv-
ity and accuracy, while criterion B had higher specificity.

MR IMAGING PATTERNS OF
PANCREATIC CARCINOMA INVADING
EXTRAPANCREATIC NEURAL PLEXUS

The potential invasion to the extrapancreatic neural re-
gion near to pancreatic carcinoma on MR imaging was
seen to include regions posterior and media to the pan-
creatic head, posterior to body of the pancreas, and also
included the involvement of major vessels adjacent to
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the tumor, including the SMV and/or portal vein, SMA,
celiac axis artery, common and/or proper hepatic artery,
and splenic artery™,

On MR imaging, the degree of the extrapancreatic
neural invasion might be classified into three gradesls’m:
NVO, no change in fat signal intensity; NV1, streaky and
strand-like signal intensity structure in fat tissue (Figure 7);
NV2, irregular masses (diameter larger than 10 mm) adja-
cent to the lesions (Figure 8).

Pancreatic carcinoma local invasion or extension has
been shown as irregular signal intensity in the peripancre-
atic fat layer, spicular formations with hypointensity on
the pancreatic surface, streaky and strand-like signal in-
tensity structures, and mass forming in the peripancreatic
fat space on MR imagingm’%m.
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Figure 9 Magnetic resonance imaging characteristics of extrapancreatic neural invasion by pancreatic carcinoma in a 48-year-old male. The tumor (arrows)
was located at the body of the pancreas and invaded the extrapancreatic neural plexus, forming a mass (curved arrows), and the adjacent celiac trunk. A: 3D gradient-
echo (GRE) T1-weighted non-enhanced image; B: Fat-saturated fast recovery fast spin-echo T2-weighted image; C and D: 3D GRE T1-weighted Gd-enhanced arte-
rial and venous phases. Histopathological images showed extrapancreatic neural (asterisk) invasion by pancreatic carcinoma (arrows); E: HE, 40 x; F: HE, 200 x.

The signal intensity of the nerve invasion is similar to
that of pancreatic carcinoma on MR irnagingm’w], mostly
showing hypointensity on T1-weighted, isointensity or
a little hyperintensity on T2-weighted, hypointensity on
arterial phase, and isointensity on delayed phase images
after Gd-DTPA contrast enhancement” "

We have previously studied 20 patients with pancre-
atic carcinoma by MR imaging, and found the signs of
extrapancreatic neural plexus invasion in 16 of the 20 pa-
tients (80%); 50% of patients showed streaky and strand-
like signal intensity structures in fatty tissue, and 30%
showed masses near the tumor. The signal intensity of
the nerve invasion was hypointense on T1-weighted im-
aging and isointense on T2-weighted imaging in 88% of
the patients, hypointense on arterial phase and isointense
on delayed phase in 94% of the patients. Furthermore,
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vascular invasion was often demonstrated in the setting
of nerve invasion (Figure 9), and the degree of vascular
invasion was cortelated with that of nerve invasion (r =

0.58, P < 0.005)*.

CONCLUSION

Extrapancreatic neural plexus invasion by pancreatic cat-
cinoma on CT and MR imaging appears as streaky and
strand-like signal intensity structures in fat tissue and it-
regular masses adjacent to the tumor, with accompanying
vascular invasion. CT and MRI are excellent modalities
which are of great importance to detect, depict and stage
the nerve invasion associated with pancreatic carcinoma.
Imaging is beneficial to the management of patients with
pancreatic carcinoma.
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Abstract

AIM: To evaluate the effect of non-linear adaptive fil-
ters (NLAF) on abdominal computed tomography (CT)
images acquired at different radiation dose levels.

METHODS: Nineteen patients (mean age 61.6 =
7.9 years, M:F = 8:11) gave informed consent for an
Institutional Review Board approved prospective study
involving acquisition of 4 additional image series (200,
150, 100, 50 mAs and 120 kVp) on a 64 slice multide-
tector row CT scanner over an identical 10 cm length in
the abdomen. The CT images acquired at 150, 100 and
50 mAs were processed with the NLAF. Two radiologists
reviewed unprocessed and processed images for image
quality in a blinded randomized manner. CT dose index
volume, dose length product, patient weight, trans-
verse diameters, objective noise and CT numbers were
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recorded. Data were analyzed using Analysis of Vari-
ance and Wilcoxon signed rank test.

RESULTS: Of the 31 lesions detected in abdominal
CT images, 28 lesions were less than 1 cm in size.
Subjective image noise was graded as unacceptable
in unprocessed images at 50 and 100 mAs, and in
NLAF processed images at 50 mAs only. In NLAF proc-
essed images, objective image noise was decreased by
21% (14.4 £ 4/18.2 £ 4.9) at 150 mAs, 28.3% (15.7
+ 5.6/21.9 £ 4) at 100 mAs and by 39.4% (18.8 £
9/30.4 £ 9.2) at 50 mAs compared to unprocessed im-
ages acquired at respective radiation dose levels. At
100 mAs the visibility of smaller structures improved
from suboptimal in unprocessed images to excellent in
NLAF processed images, whereas diagnostic confidence
was respectively improved from probably confident to
fully confident.

CONCLUSION: NLAF lowers image noise, improves
the visibility of small structures and maintains lesion
conspicuity at down to 100 mAs for abdominal CT.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

As the use of computed tomography (CT) is increasing,
with an estimated 62 million scans per year in the United
States in the year 2006, the concerns associated with
radiation exposure have also increased in both the news
media”™ and the medical literature™. The primary concern
of radiation dose associated with CT scanning is radia-
tion-induced carcinogenesis. The probability of radiation-
induced cancer is directly related to the radiation dose

absorbed by tissues and organs and hence the reduction
of dose is of paramount importance.

In CT, reduction of dose results in images with larger
image noise or mottle and hence raises the possibility of
missing lesions or other diagnostic findings. Efforts have
been made to reduce radiation dose while maintaining
image quality, which have led to several changes in CT
hardware and software technologies[sfgl. From the soft-
ware point of view, image post-processing with linear and
non-linear filters have been developed and assessed for
lowering image noise and improving or maintaining le-
sion conspicuity on low dose imagesw’w]. Previous clinical
studies have reported the use of non-linear image filters
for reducing radiation dose for chest and abdominal CT
examinations. However, some of these filters lower im-
age noise at the expense of image contrast or visibility
of smaller structures . New non-linear adaptive filters
(NLAF) have been developed and studied using phantom
and simulated CT images“zm].

The purpose of our prospective clinical study was to
evaluate the effect of a NLAF on abdominal CT images
acquired at different dose levels.

MATERIALS AND METHODS

Patients

This prospective clinical study was approved by the Hu-
man Research Committee of our Institutional Review
Board and was conducted in compliance with Health In-
surance Portability and Accountability Act guidelines. All
19 patients (mean age 61.6 = 7.9 years, male:female = 8:11)
gave written informed consent for the acquisition of four
additional sets of research images for this study, in addition
to their standard-of-care, clinically indicated abdominal CT
examinations.

The inclusion criteria for the study included: patients
scheduled for clinically indicated abdominal CT ex-
aminations, older than 50 years, hemodynamic stability
(conscious, oriented, regular respiration rate of 12-40
breaths/min, pulse rate of 60-90 bpm without dysthyth-
mia, systolic blood pressure of 100-140 mmHg), able to
provide written informed consent, able to hold breath
for a duration of at least 10 s, and able to understand
and follow verbal commands for breath-holding and to
remain still for the scanning duration.

Scanning techniques
For all patients included in this study a standard abdomi-
nal CT examination was initially performed on a commer-
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cially available 64 channel multidetector row CT' scanner
(Discovery CT750 HD, GE Healthcare, Waukesha, WI.)
with administration of an intravenous contrast medium
(80-100 mL of Iopamidol 370 mg % Bracco Diagnostics,
Princeton, NJ). Subsequently, four additional sets of imag-
es were acquired in each patient, through an identical scan
length of 10 cm in the abdomen. Selection of the location
of the acquisition of these additional image datasets was
based on review (by Singh S) of the patient’s prior (avail-
able and reviewed in 18/19 patients) and current routine
(reviewed in 1/19 patients) abdominal CT images to se-
lect the most subtle (first preference) or smallest (second
preference) lesion in the abdomen. These research image
data sets were thus acquired through the most subtle or
smallest abdominal lesion immediately after acquisition
of standard-of-care abdominal CT images. The maximum
time period between the standard-of-care abdominal CT
and the research image acquisition was less than 15-30 s.
As all research scan series were planned prior to the acqui-
sition of standard-of-care CT images, the maximum intet-
val between the acquisition of the four different research
image series was approximately 10 s.

Abdominal CT images were acquired at four different
levels of radiation dose by selecting four different fixed
tube current-time products (200, 150, 100 and 50 mAs)
for abdominal CT. The acquisition sequence of the four
research CT datasets was randomized in order to avoid
contrast enhancement bias due to the delay in scanning
from start of injection. No additional intravenous con-
trast medium was administered for acquisition of the
research image series since it is not feasible to inject con-
trast media four times to a patient for acquiring images at
identical contrast enhancement phase.

With the exception of tube current, reconstruction
kernel and section thickness were held constant and in-
cluded 120 kVp, 0.984:1 pitch, 39.37 mm table speed per
gantry rotation, helical acquisition mode, 64 * 0.625 mm
detector configuration and 0.5 s gantry rotation time. All
image series were reconstructed at 5 mm section thickness
and 5 mm section interval using standard reconstruction
kernel as per our routine abdominal CT protocol.

Image post processing

Technical details of the NLAF (ContextVision AB,
Linkoping, Sweden) used in our study are described in
Appendix 1.

Of the 4 additional research abdominal series (ac-
quired at 200, 150, 100, 50 mAs), three lower dose im-
age series (150, 100 and 50 mAs) were processed with
NLAF. For post processing with NLAF, the DICOM
image series were de-identified and exported to an ex-
ternal USB storage media. These DICOM image series
were processed with NLAF to generate six series (three
low dose unprocessed series and three NLAF processed
image series). The image processing time with NLAF for
image series was less than 2 s. Thus, 7 CT image series
were available for evaluation (unprocessed 200, 150, 100,
50 mAs and processed 150, 100, 50 mAs) in each patient.
Unprocessed images at 200 mAs were used as standard
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of reference for lesion detection and image quality as-
sessment.

Each image data set was coded, de-identified and ran-
domized on Microsoft EXCEL 2003 (© Microsoft Cot-
poration, Redmond, WA) by a study co-author (Singh S)
to enable double blinded evaluation.

Subjective image quality

All CT image series were reviewed on a Picture Archiving
and Communication System diagnostic workstation
(AGFA Impax ES; AGFA Technical Imaging Systems,
Ridgefield Park, NJ, USA) for assessment of subjective
image quality in a randomized manner. All abdominal
CT image series were presented to two experienced ab-
dominal radiologists (MAB with 12 years and MKK with
8 years of experience, respectively) for evaluation of im-
age quality. Both radiologists were trained on two image
datasets for the grading of different aspects of subjective
image quality as well as lesion assessment in order to un-
derstand the evaluation system, in addition to improving
inter-observer agreement.

Subjective image quality was assessed in terms of sub-
jective image noise on a five point scale (1 = minimal im-
age noise, 2 = less than average noise, 3 = average image
noise, 4 = above average noise, 5 = unacceptable image
noise). Visibility of smaller structures for abdominal CT
(small blood vessels, adrenal glands, small lymph nodes,
ducts and walls of hollow structures) was ranked on a
five point scale (1 = excellent visualization, 2 = above
average visibility, 3 = acceptable visibility, 4 = suboptimal
visibility, and 5 = unacceptable visualization of small
structures) using abdominal soft tissue window width
400 HU and window level 40 HU. Artifacts were graded
on a four point scale (1 = no artifacts; 2 = minor artifacts
not interfering with diagnostic decision making; 3 = ma-
jor artifacts affecting visualization of major structures, di-
agnosis still possible; 4 = artifacts affecting diagnostic in-
formation), while each type of the following artifacts was
assessed (helical or windmill artifacts; streak artifacts due
to metals and leads; beam hardening artifacts due to arms
by body side; rarely, large body size and truncation due
to large body size or off centering, and blotchy pixilated
appearance). Lesion size was measured on a four point
scale (1 = focal and less than 1 cm, 2 = focal and 1-5 cm,
3 = focal and more than 5 cm, 4 = diffuse lesion), lesion
conspicuity was assessed on a five point scale (1 = well-
seen lesion with well-visualized margins, 2 = well-seen
lesion with poorly visualized margins, 3 = subtle lesions,
4 = probably an artifact mimicking a lesion and 5 = defi-
nite artifact mimicking a lesion) and diagnostic confi-
dence (1 = completely confident, 2 = probably confident,
3 = confident only for limited clinical situations such as
kidney stones, calcified lesions or a large lesion, and 4 =
poor confidence). Image quality attributes assessed in our
study have been described in the European Guidelines
on Quality Criteria for Computerized Tomography docu-
ment (EUR 16262 www.drs.dk/guidelines/ct/quality/in-
dex.htm) and have been used in multiple prior studies in
the radiology literature™?,
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Radiologists were first asked to assess the subjec-
tive image noise in the seven image sets of each patient
(unprocessed and NLAF processed) and then to assess
lesion detection starting from the image series with the
highest image noise to avoid bias in lesion detection and
characterization.

Objective measurements

Each subject was weighed on a digital weighing machine
just prior to the abdominal CT examination. Circular re-
glons of interest (20-30 mm in diameter) were drawn in
the homogenous area of the right lobe of liver. Circular
regions of interest (20-30 mm in diameter) were also
drawn in the abdominal aorta, without touching the lu-
men walls, to cover at least two thirds of its lumen. The
skin-to-skin maximum transvetrse diameter of abdomen
was measured from localizer radiographs, as transverse
images are often reconstructed with a smaller field of
view and may not include the skin. Objective image noise
(standard deviation) and CT numbers (HU) were mea-
sured for all 133 CT image series.

CT radiation dose descriptors such as CT dose index
volume (CTDlvol, described in mGy) and dose length
product (DLP, described in mGy.cm) were recorded from
the dose page following completion of the abdominal
CT examination for all image series.

Statistical analysis

Data were analyzed using analysis of variance (ANOVA)
and Wilcoxon signed rank test. Intraobserver variability
was not estimated as each radiologist assessed the images
only once. Interobserver variability was estimated using
both « statistics as well as percentage agreement between
the two radiologists for each of the assessed subjective
image quality and lesion assessment parameters.

RESULTS

There was variable interobserver agreement between the
two radiologists (k = 0.2-1) for abdominal CT. However,
the percentage agreement between the two radiologists
ranged from 68.4% (13/19 scores with agreement for
visibility of smaller structures) to 100% (19/19 scores in
perfect agreement for criteria such as image noise, lesion
conspicuity and diagnostic confidence) for the abdominal
CT.

Subjective assessment
Detailed subjective lesion detection and image quality
scores are summarized in Table 1.

All 31 abdominal lesions detected in 19 patients were
seen on both unprocessed and NLAF processed image
series at all tube current-time product levels. Twenty-eight
lesions (28/31, 90%) were less than 1 cm in maximum
dimension and 2 (2/31, 6%) lesions measured 1-5 cm in
maximum dimension. Detected lesions included renal
cysts and masses (7 = 7 lesions), abdominal lymph nodes
(n = 5), adrenal lesions (# = 4), gall bladder stones (7 = 3),
focal liver lesions (7 = 2), peti-renal stranding (7 = 2), cho-
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Table 1 Lesion detection and subjective image quality scores for abdominal computed tomography examinations for non-linear

adaptive filters processed and unprocessed image groups at four different radiation dose levels

Baseline Unpro Pro Unpro Pro Unpro Pro
(200 mAs) (150 mAs) (150 mAs) (100 mAs) (100 mAs) (50 mAs) (50 mAs)

No. of lesions 31 31 31 31 31 31 31
Lesion size (<1 cm) 28 28 28 28 28 28 28
Lesion conspicuity 1 1 1 1 1 1 1
Image noise 2 3 2 4 2 5 4
Visibility of small structures 3 3 3 4 3 4 4
Image contrast 3 3 3 3 3 3 3
Diagnostic confidence 1 1 1 2 1 4 3

Image noise was lowered and visibility of small structures was enhanced with non-linear adaptive filters processing. Since discrete values cannot be

averaged, the table presents the lowest or similar modal scores for lesion conspicuity, image noise, contrast and diagnostic confidence given by radiologists.

Unpro: Unprocessed; Pro: Processed.

Baseline 200mAs Unprocessed 150 mAs

Unprocessed 100 mAs

Unprocessed 50 mAs

Processed 50 mAs

Figure 1 Transverse abdominal computed tomography images in a 72-year-old woman who underwent radiofrequency ablation for renal cell carcinoma
showing a renal cyst (white arrow) in the left kidney at four different tube current- time product levels (200, 150, 100 and 50 mAs). Three lower tube current-
time products (150, 100 and 50 mAs) when processed with 2D-non-linear adaptive filters showed lower image noise without affecting image contrast.

lecystectomy (7 = 1), minimal ascites (# = 1), surgical clip
(n = 1), IVC graft (n = 1), peri IVC soft tissue stranding (»
= 1), splenic calcification (# = 1), calcified atherosclerotic
plaque (# = 1) and hydronephrosis (z = 1).

Subjective image noise was unacceptable in unpro-
cessed images at 50 and 100 mAs. With NLAF process-
ing, noise was lowered to below average or acceptable
at 100 mAs (P < 0.0001) but at 50 mAs was still rated
as unacceptable (Figure 1). At 50 mAs, abdominal CT
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images processed with NLAF were still rated as unac-
ceptable. Visibility of smaller structures, such as small
blood vessels, small lymph nodes, ducts or walls of hol-
low organs, was found to be suboptimal in unprocessed
image series at 100 mAs and was improved to acceptable
in processed image series. No major artifacts were seen
on any of the NLAF processed CT images. Minor beam
hardening or photon starvation artifacts were noted in
both unprocessed and processed image series in 5 out of
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Table 2 Average objective image noise and HU values in abdominal computed tomography examinations for non-linear adaptive

filters processed and unprocessed image series at four different radiation dose levels (mean + SD)

Baseline Unpro Pro Unpro Pro Unpro Pro

(200 mAs) (150 mAs) (150 mAs) (100 mAs) (100 mAs) (50 mAs) (50 mAs)
Liver
Objective noise 15,35 2 319 182+49 144+40 219+5.6 15.7£4.0 304+9.2 18.8 5.0
HU values 70.9 £15.0 70.5+16.9 70.6 £16.0 71.2+£16.0 71.0 £16.0 70.1+£16.0 70.1+£16.0
Abdominal Aorta
Objective noise 174+42 205+5.4 16.0+3.8 24.8+6.2 185+4.2 343+93 22.0+6.0
HU values 80.5 +29.0 81.6 +37.0 81.5+31.0 82.0 £33.7 82.1+33.0 80.3 +31.0 80.0 £31.0

Objective image noise was decreased in non-linear adaptive filters processed image as opposed to unprocessed image series with no significant change in

average HU values. Unpro: Unprocessed; Pro: Processed.

Table 3 Weight and maximum transverse diameter distribution of number of subjects with acceptable and unacceptable subjective

image noise in abdominal computed tomography examinations for unprocessed and non-linear adaptive filters processed image series

at 150, 100 and 50 mAs tube current-time product levels (mean + SD)

Unprocessed images

Processed images

Acceptable noise

Unacceptable noise

Acceptable noise Unacceptable noise

150 mAs 14/19
Weight (kg) 745+14.8
Transverse diameter (cm) 342+43

100 mAs 4/19
Weight (kg) 771£40
Transverse diameter (cm) F2 22815

50 mAs 0/19
Weight (kg) -

Transverse diameter (cm) -

5/19 19/19 0/19
952+11.1 79.9+16.5 -
429445 365+58 -
15/19 17/19 2/19
80.7+18.6 769+ 14.6 106.0 £4.3
37.6+59 35756 43507
19/19 5/19 14/19
79.9+16.5 66.2+13.0 914+15.1
365+58 33.0+3.4 406 +6.1

Subjects with unacceptable image noise in processed images were significantly heavier and had greater transverse diameter than subjects with acceptable

image noise.

19 image series at 50 and 100 mAs. These artifacts were
minor and did not interfere with diagnostic confidence.
Diagnostic confidence was suboptimal on unprocessed
images at 100 mAs and it improved to fully acceptable
in NLAF processed image series at 100 mAs. At 50 mAs
both unprocessed and processed images were rated as
unacceptable for diagnostic confidence. Weight distribu-
tion of subjects with acceptable and unacceptable image
noise in both unprocessed and processed images is sum-
marized in Table 2.

Objective image quality
Detailed objective image quality scores for abdominal
CT have been summarized in Table 3. Average objec-
tive image noise (£ standard deviation of the average) in
the liver was decreased by 21% (14.4 + 4/18.2 £ 4.9) at
150 mAs, by 29% (15.7 + 4/21.9 + 5.6) at 100 mAs and
by 39.4% (18.8 £ 5.7/30.4 + 9.2) at 50 mAs processed
images as compared to unprocessed image series at cor-
responding mAs levels (P < 0.0001), whereas in the ab-
dominal aorta noise decreased by 22% (16 + 3.8/20.5 £
5.4) at 150 mAs, by 26% (18.5 + 4.2/24.8 + 6.2) at 100
mAs and by 38% (22 £ 6/34.3 £ 9.3) at 50 mAs pro-
cessed images (P < 0.0001).

There was no significant change in the average CT
number (for liver and aorta) in unprocessed and processed
abdominal CT image series (P > 0.05).
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Radiation doses

CTDlvol for abdominal CT image series at 200 mAs,
150 mAs, 100 mAs and 50 mAs were 16.8, 12.6, 8.4, 4.2
mGy, respectively. The respective DLP values were 245.6,
141.8, 95.7, and 49.7 mGy-cm.

DISCUSSION

Since lowering of radiation dose increases the image
noise, an approach to reduce radiation dose associated
with CT'is to post process low dose noisy images in order
to lower image noise and enhance diagnostic confidence.
In the CT source data domain, users can change the CT
image reconstruction technique; for example, filtered
back projection with smoother or sharper reconstruction
kernel. Use of smoother kernel does entail some loss
of spatial resolution or image sharpness, whereas use of
sharper kernels increases image noise at the expense of
higher spatial resolution and improved image sharpness.
Recent studies and commercial release of iterative recon-
struction techniques allows scanning at lower radiation
dose, as these techniques provide images with less image
noise”™ *’. However, presently these iterative reconstruc-
tion techniques are somewhat slower in reconstruction
time and are only available on the latest high end (64
slices or higher) CT scanners with substantial cost incre-
ments for both hardware and software upgrades. On the
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other hand, image post processing filters have also been
developed to lower image noise!”". These filters work in
the DICOM image space domain and are less computa-
tionally intense compared to the iterative reconstruction
techniques. Unlike the iterative reconstruction techniques,
which are applied to the CT scanner user interface,
NLAF used in our study is a server-based application that
identifies and processes low dose CT images automati-
cally as they transit from CT user interface to the PACS
network. To the best of our knowledge, there is no head
to head comparison available to date between the iterative
reconstruction techniques and the image post-processing
filters.

Different types of image post processing filters have
been used to reduce image noise in low radiation dose
CT images'”". We used a NLAF for the purpose of our
study. For abdominal CT images, NLAF post process-
ing of 100 mAs image series changed image noise to
acceptable from unacceptable in unprocessed images.
However at 50 mAs, both processed and unprocessed
images were found to be suboptimal. Lowering of image
noise with NLAF did not affect the image contrast or le-
sion conspicuity in abdominal CT images. This trend was
confirmed with objective image noise measurements in
abdominal CT images. In addition to lowering of image
noise, NLAF enhanced the visibility of smaller structures
at 100 mAs. Our results are in contradiction to prior non-
linear filters described by Kalra ¢z a/'"". Contrary to the
loss of visibility of small structures and demeaned lesion
conspicuity noted on prior studies, NLAF used in our
study was not associated with these disadvantages. Hence,
application of NLAF in abdominal CT allows radiation
dose reduction while maintaining constant image quality
and diagnostic confidence.

Our findings are consistent with those reported in
a phantom study performed by Funama e# al', who
found that 80 to 100 mAs images were acceptable fol-
lowing post processing with a different vendor’s NLAFE.
We believe that the inherently high contrast in the chest
from air and fat helped in achieving greater dose reduc-
tion with NLAF. In another study, Funama ez 2/'” found
that adaptive filters can improve image noise and diag-
nostic acceptability of abdominal CT images acquired at
60 to100 mAs based on the size of the patients. We also
noted that 5/19 abdominal CT images acquired at 50
mAs in subjects weighing less than 66 kg were acceptable,
whereas the subjects with unacceptable image quality at
50 mAs were considerably heavier (weight greater than
91 kg) (P < 0.0001).

Results of our study are also in agreement with Kropil
et al™, who used the same NLAF as in our study to post
process simulated upper abdomen MDCT phantom
images and found that 50% radiation dose reduction is
possible with post processing. We also found that im-
age noise in 100 mAs abdominal CT images following
post processing is similar to image noise in unprocessed
200 mAs images. Our results are also similar to another
phantom study from Martinsen ef al™ also using the
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same NLAF, which showed acceptable lowering of tube
current-time product down to only 112 mAs for detec-
tion of 2 mm-7 mm simulated liver lesions.

Our study has limitations. Foremost, the small sample
size of our study is due to the difficulty in recruiting pa-
tients, which could be due to many reasons, such as rising
concern of radiation-induced cancer. Another limitation
of our study is that we did not use automatic exposure
technique to evaluate the effect of NLAF on radiation
dose reduction, although automatic exposure control
techniques are routinely used for dose modulation in rou-
tine clinical practice. We used fixed tube current settings
to reduce radiation dose for the following reasons: firstly,
to obtain four levels of radiation dose with automatic
exposure control, we would have been required to adjust
the noise index (desired image noise for adjusting tube
current) and minimum and maximum tube current for
each dose level as well as for different patient size, as au-
tomatic exposure control would have increased radiation
dose to larger subjects and decreased the radiation dose
for slimmer subjects. To further complicate the matter,
change in radiation dose with automatic exposure control
is non-linear to the body size in order to avoid inadver-
tent use of high tube currents in larger subjects and too
low tube currents in slimmer subjects.

Also, we did not investigate the effect of NLAF post
processing in patients of different sizes due to our small
sample size. Although it is very difficult to blind the ex-
perienced radiologist between unprocessed and processed
images due to differences in image noise, we randomized
the image sets acquired at varying dose levels (16.8-4.2
mGy). Another possible limitation of our study is the
fact that CT images were acquired in equilibrium phase
and not in non-contrast or dynamic phase. An additional
consideration with our study is the fact that we used 4
image datasets of each patient at four different radiation
dose levels and this repetitive reviewing of images may
have biased the radiologists for the lesion conspicuity as-
sessment component of our study. However, in order to
minimize this bias in image assessment, each radiologist
was asked separately to first assess the lesion conspicuity
on the image series with the greatest image noise or those
image datasets acquired at lowest dose levels and then as-
sess the other dose levels. Although NLAF works on DI-
COM images from all vendors, we did not perform side
by side comparisons for the role of NLAF on CT images
from other vendors. Also, we did not compare NLAF
filters with other available commercial CT image filters.

Implications of our study include potential for re-
ducing radiation dose by 50% with the application of
NLAF as used in our study. Further studies will however
be needed to determine the actual noise reduction effect
of NLAF on patients of different sizes, in particular for
large patients.

In conclusion, substantial CT radiation dose reduc-
tion is feasible for abdominal CT images (down to 100
mAs) following processing with NLAE
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‘ Multi frequency sub bands ‘

Figure 2 Non-linear adaptive filters divides the original image into a number of frequency bands, which are processed separately and ultimately re-com-

bined into a resultant final image. NLAF: Non-linear adaptive filters.

APPENDIX

The two dimensional NLAF used in this study are based
on the General Operator Processor technology[m. The
algorithm divides the data into several frequency bands
that are processed separately and then re-combined. The
number of frequency bands varies between cases, depend-
ing on the scanner and anatomy of intent (as described
in Figure 2, where chest image has been parsed into three
frequency bands). Hach band usually contains similar size
structures, which allows it to process anatomical structures
by size. The low-pass band on the left consists mainly of
the amplitude of the 2D signal and low frequent varia-
tions. The high-pass band contains predominantly small
structures and noise. The remaining band cover structures
of mid size and low frequency noise. After processing
each frequency band, NLAF adaptively combines the en-
hanced bands to yield a resultant filtered image.

During the filter’s hierarchical process, each pixel is
examined in relation to its surroundings. Local features
are estimated by using a set of filters in different direc-
tions. The filters are designed so that the combined filter
response is completely rotational invariant. During the
analysis of the filter responses a number of simple, com-
plex and hypercomplex features are estimated. These
features can be for example variance, orientation, phase,
energy and curvature. When a local NLAF feature has
been estimated, the feature is estimated also on a higher
abstraction level to get robust results for the neighbour-
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hood. From this information one can decide if the pixel
is part of the same structure as its neighbours. Moreover,
certainty values on the feature estimations are always
generated to further obtain robust results. One example
is two crossing lines where there is high signal energy in
the crossing point but low certainty on orientation since
there is more than one orientation present.

The compiled set of these features forms the contextual
information for every location in the image. This contex-
tual information is fused to generate a specific filtering
method, which adapts to the image signal in every loca-
tion and individually optimizes each pixel. The unique
nature of NLAF is the possibility of adapting desired
behavior to the image content, allowing for simultane-
ous noise reduction and edge enhancement. For example,
edge enhancement in high frequency areas such as lung
and bones, and selective noise reduction in other soft tis-
sue regions within a single image. Finally, the parameters
may be adjusted for the anatomical region scanned, as for
example the abdominal CT images (more noise reduc-
tion or smoothing is required) need different parameters
than those needed in chest images (where greater edge
enhancement with limited smoothing is required). The
enhancement is performed in different intensity value
ranges, corresponding to tissue-type-specific Hounsfield
Units. Also these parameters can be adjusted based on
user preference, as some radiologists prefer smooth im-
ages while others prefer sharp, crisp images.
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COMMENTS

Background

As the use of computed tomography (CT) is increasing, with an estimated 62
million scans per year in the United States in the year 2006, the concerns asso-
ciated with radiation exposure have also increased in both the news media and
the medical literature. The primary concern of radiation dose associated with
CT scanning is radiation-induced carcinogenesis. The probability of radiation-
induced cancer is directly related to the radiation dose absorbed by tissues and
organs and hence the reduction of dose is of paramount importance. In CT,
reduction of dose results in images with larger image noise or mottle and hence
raises the possibility of missing lesions or other diagnostic findings. Efforts have
been made to reduce radiation dose while maintaining image quality which
have led to several changes in CT hardware and software technologies. From
the software point of view, image post processing with linear and non-linear
filters have been developed and assessed for lowering image noise and im-
proving or maintaining lesion conspicuity on low dose images. Previous clinical
studies have reported the use of non-linear image filters for reducing radiation
dose for chest and abdominal CT examinations. However, some of these filters
lower image noise at the expense of image contrast or visibility of smaller struc-
tures. New non-linear adaptive filters (NLAF) have been developed and studied
using phantom and simulated CT images.

Innovations and breakthroughs
Substantial CT radiation dose reduction is feasible for abdominal CT images
(down to 100 mAs) following processing with NLAF.

Applications

Implications of our study include potential for reducing radiation dose by 50%
with the application of NLAF as used in our study. Further studies will however
be needed to determine the actual noise reduction effect of NLAF on patients of
different sizes, in particular for large patients.

Peer review

This study presents the results of the application of NLAF software to abdomi-
nal CT images and demonstrates the prospect of dose reduction that can be
achieved with the use of such filters. Overall, this is a very good paper. It is well
designed, well implemented and well analyzed.
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Abstract

AIM: To explore the anatomical relationships between
bronchial artery and tracheal bifurcation using com-
puted tomography angiography (CTA).

METHODS: One hundred consecutive patients (84 men,
16 women; aged 46-85 years) who underwent CTA us-
ing multi-detector row CT (MDCT) were investigated
retrospectively. The distance between sites of bronchial
artery ostia and tracheal bifurcation, and dividing direc-
tions were explored. The directions of division from the
descending aorta were described as on a clock face.

RESULTS: We identified ostia of 198 bronchial arteries:
95 right bronchial arteries, 67 left bronchial arteries, 36
common trunk arteries. Of these, 172 (87%) divided
from the descending aorta, 25 (13%) from the aortic
arch, and 1 (0.5%) from the left subclavian artery. The
right, left, and common trunk bronchial arteries divided
at -1 to 2 cm from tracheal bifurcation with frequen-
cies of 77% (73/95), 82% (54/66), and 70% (25/36),
respectively. The dividing direction of right bronchial

(49

T
Jaishideng®

WJR | www.wjgnet.com

29

arteries from the descending aorta was 9 to 10 o'clock
with a frequency of 81% (64/79); that of left and com-
mon tract bronchial arteries was 11 to 1 oclock with
frequencies of 70% (43/62) and 77% (24/31), respec-
tively.

CONCLUSION: CTA using MDCT provides details of
the relation between bronchial artery ostia and tracheal
bifurcation.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Following recent advances in multi-detector row comput-
ed tomography (MDCT), which enables rapid visualiza-
tion of thin-slice images with good tresolution, computed
tomography angiography (CTA) with MDCT is increas-
ingly being used to identify the artery responsible for he-
moptysis“’ﬂ. Although in some instances non-bronchial
arteries are involved in hemoptysis“’7’sj, the main source
of hemoptysis is a bronchial artery"”. Most interventional
radiologists would be familiar with the dividing sites
of the bronchial arteries based on their experience and
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on trial and error, but they may encounter difficulty in
catheterization of the bronchial artery. The relationships
between the origin of bronchial arteries and the thoracic
vertebrae are known from eatly studies""'". Remy-Jardin
et al" coded bronchial arteries originating from the de-
scending aorta between the T5 and T6 vertebral levels
as orthotopic, and those originating outside levels T5-T6
as ectopic. However, because the tracheal bifurcation is
visible fluoroscopically but the exact thoracic vertebral
level is difficult to identify, it is clinically useful to know
how the bronchial artery ostia relate to tracheal bifurca-
tion rather than to the thoracic vertebrae. Dilatation
of bronchial arteries and the development of collateral
arteries are observed in patients with hemoptysis“"”. In
the present study, we explored the intact relation between
bronchial artery ostia and tracheal bifurcation among a
population with no cause to have enlarged bronchial ar-
teries.

The purpose of this study is to explore the anatomi-
cal relationships between bronchial artery ostia and tra-
cheal bifurcation using CTA with MDCT.

MATERIALS AND METHODS

Patients

The study was approved by the Ethics Committee of
our institution, and informed consent was obtained from
all patients. One hundred consecutive patients (84 men,
16 women; mean age, 68.6 years; age range, 46-85 years)
with esophageal cancer who received dynamic CT be-
tween February 2009 and May 2010 were investigated
retrospectively. No patient had an episode of hemoptysis;
all underwent contrast-enhanced helical MDCT of the
thorax for the purpose of identifying the esophageal and
bronchial arteries prior to surgical treatment. The relation
between the tracheal bifurcation and the bronchial arter-
ies was analyzed using the same data that are obtained in
MDCT of the thorax at our institute. Care was taken to
avoid administration of contrast medium to patients with
renal insufficiency (creatinine level > 1.5 mg/L) or iodine
allergy.

MDCT protocol and contrast medium injection

CTA was conducted using an MDCT scanner (Light-
Speed VCT 64, General Electric Healthcare, Milwaukee,
WI) with a 64 mm X 0.625 mm detector configuration in
which interspaced helical data sets wete collected from 64
detector rows. The following parameters were used for
unenhanced CT and the two phases of contrast-enhanced
CT: gantry rotation speed of 0.5 s per rotation, 0.5 mm
collimation, 15 mm/s table increment with helical pitch
of 15, tube voltage of 120 kV, and tube current of 300
mA. Axial sections (0.5 mm thickness) were reconstructed
at 0.5 mm intervals. The following MDCT protocol was
employed for evaluation of the thorax. Using an auto-
matic injector (Dual Shot GX, Nemotokyorindo, Tokyo,
Japan), each patient received an intravenous bolus of non-
ionic contrast medium at 580 mg I/kg of patient body
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weight, containing 300 mg I/mL (Omnipaque, Daiichisan-
kyo Pharmaceutical, Tokyo, Japan), for a duration of 25 s,
through a 20-gauge angiocatheter placed in the antecubital
vein.

The automatic bolus tracking method was used with
Smart Prep software (GE Healthcare) to monitor con-
trast enhancement after injection of contrast medium.
Unenhanced scans were obtained initially, and a region-
of-interest cursor for bolus tracking was then placed in
the ascending aorta. Scans were obtained from the level
of the thoracic inlet to the caudal edge of the kidney.
The triggering threshold CT value was set at 200 HU,
and real-time low-dose (120 kVp, 50 mA) serial scanning
for monitoring began 6 s after the start of the contrast
medium injection. Two phases (arterial and venous) were
obtained during breath-holding in each. The arterial
phase was automatically performed after the CT value
reached the triggering threshold of 200 HU. The follow-
ing images were systematically reconstructed from the
arterial phase data: contiguous transverse scans of thick-
ness 0.5 mm viewed on mediastinal and lung window
settings, oblique coronal and sagittal maximum intensity
projections (MIPs), and three-dimensional volume-
rendered images of the thoracic vascular structures. The
venous phase was not utilized in this study.

Data analysis and image interpretation

The large number of images was interpreted at a remote
workstation and analyzed using Aquarius NET (Ter-
aRecon, Sanmateo, CA). Three radiologists, each with 3
to 15 years of experience in CT image interpretation, pet-
formed image evaluation in consensus. CT values were
measured at four points in the aorta: at the level of the
ascending aorta, arch, descending aorta, and diaphragm.
CT interpretation focused on evaluation of the bilateral
bronchial arteries. Transverse slices from thoracic CTA
were used in combination with the multiplanar reformat-
ted images to identify dividing of the bronchial artery
from the thoracic aorta and the aortic arch. The border-
line between the aortic arch and the descending aorta was
defined as the bottom of the aortic arch, as delineated on
thoracic CT. The distance between this borderline and
the line of tracheal bifurcation was measured. The level
of tracheal bifurcation was termed ‘0 level’. Positive val-
ues were defined as the cranial distance from the tracheal
bifurcation and negative values as the caudal distance. At-
teries that progressed along the bronchus were identified
as bronchial arteries. All bronchial arteries dividing from
the aortic arch and descending aorta were followed using
the transverse slice images. If the bronchial arteries could
not be identified, three-dimensional MIP reformatted im-
ages in the coronal, sagittal, and oblique planes were used
to search for tortuous bronchial arteries as they followed
the bronchial tree from their origin at the aorta or other
systemic artery. The frequency of intercosto-bronchial
trunk was explored because the anterior spinal artery can
arise from an intercosto-bronchial artery, and thus must

be identified.
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Figure 1 Common trunk of the right and left bronchial arteries from the
aortic arch is indicated by arrows on an axial computed tomography im-
age with mediastinal soft-tissue window settings (A) and on a thin-section
maximum intensity projection image of a three-dimensional volumetric
reformatted image (B).

First, dividing sites of the bronchial arteties from the
aorta, dividing style (genuine or common trunk), and the
number of bronchial arteries were explored. Second, the
distance between the site of bronchial artery dividing
and tracheal bifurcation was measured on the transvetrse
0.5 mm thick slices. Third, the dividing directions of the
bronchial arteries from the descending aorta wetre ex-
plored using the transverse slice images. The directions
of division from the descending aorta were described in
terms of positions of the numbers on a clock face. In
bronchial arteries that divided from the aortic arch, the
dividing directions were described as right caudal, middle
caudal, and left caudal.

RESULTS

CT values in the aorta

In the 100 subjects, mean CT values (HU) at the level of
the ascending aorta, aortic arch, descending aorta, and
diaphragm were 389 + 71, 364 £ 65, 374 £ 606, and 353
T 08, respectively.

Aortic sites of bronchial artery ostia

We identified 198 aortic sites of bronchial artery ostia in
the 100 subjects. Of these, 172 (87%) divided from the
descending aorta, 25 (13%) from the aortic arch (Figure 1),
and 1 (0.5%) from the left subclavian artery (Figure 2).
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Figure 2 Left bronchial artery arising from the left subclavian artery is
indicated by arrows on a reformatted coronal computed tomography im-
age with mediastinal soft-tissue lung window settings (A) and on a thin-
section maximum intensity projection image of a three-dimensional volu-
metric reformatted image (B).

Dividing style of right and left bronchial arteries, and
frequency of intercostal artery sub-branching

Of the 198 dividing sites, 95 divided as right bronchial
arteries, 67 as left bronchial arteties, and 36 as a common
trunk of right and left bronchial arteries. Of the 95 right
bronchial arteries, 28 divided independently as a genuine
right branch and 67 (71%) divided as a common trunk
of right bronchial and intercostal arteries (Figure 3). Of
the 67 left bronchial arteries, 65 divided independently as
a genuine left branch and 2 (3%) divided as a common
trunk of left bronchial and intercostals arteries. Of the
36 common trunk arteries, 34 divided as 2 common trunk
of right and left bronchial arteries, and 2 (6%) divided as
a common trunk of right and left bronchial arteries, and
intercostal arteries. No anterior spinal artery was delin-
eated from intercostal arteries that divided from either
common trunk.

Identified numbers of right and left bronchial arteries
We could not identify a right bronchial artery in 1 subject
or a left bronchial artery in 9 subjects. A total of 234
bronchial arteries were identified: 131 (95 plus 36) right
bronchial arteries, and 103 (67 plus 306) left bronchial ar-
teries.

A singular right bronchial artery was observed in 68
subjects, dual right bronchial arteries in 30 subjects, and
triple right bronchial arteries in 1 subject. The average
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Figure 3 Right bronchial artery branches with an intercostal artery (ar-
row) at the approximate ventral center of the thoracic vertebra, shown on
an axial computed tomography scan with mediastinal soft-tissue window
settings (A) and on a thin-section maximum intensity projection image of
a 3D volumetric reformatted image (B).

number of right bronchial arteries was 1.31 per subject.
A singular left bronchial artery was observed in 79 sub-
jects and dual left bronchial arteries in 12 subjects. The
average number of left bronchial arteries was 1.03 per
person.

Dividing sites of bronchial arteries related to tracheal
bifurcation and their dividing directions

Of the 234 bronchial arteries, 15 divided from the aortic
arch and 219 divided from the descending aorta. The
mean border line between the aortic arch and descending
aorta was at the level 18.4 * 7.4 mm cranial to the tra-
cheal bifurcation in the 100 subjects.

Figure 4 shows the relation between the right bron-
chial artery ostia and the tracheal bifurcation. Of the 95
right bronchial arteries, 29 (31%) divided at a level 0-1 cm
cranial to the bifurcation, 60 (64%) at 0-2 cm cranial, and
13 (13%) at -1 to 0 cm caudal to the bifurcation. A total
of 73 (77%) right bronchial arteries divided at between -1
and 2 cm from the bifurcation (Table 1).

The dividing directions of the right bronchial arteries
are shown in Figure 4. Of the 79 right bronchial arteries
that divided from the descending aorta, 64 (81%) divided
in the direction of 9 to 10 o’clock (Table 2). Of the 16
right bronchial arteries that divided from the aortic arch,
13 (81%) divided in the right caudal direction, 2 in the
left caudal direction, and 1 in the central caudal direction

(Table 3).
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Table 1 Relation between bronchial arteries ostia from aorta
and tracheal bifurcation 7 (%)

Level from tracheal Right bronchial Left bronchial Common
bifurcation (cm) artery artery tract artery
>4,<45 0 (0) 0 (0) 2 (6)
>35,<4 2(2) 0 (0) 1(3)
=3,<35 0(0) 0 (0) 0(0)
>25,<3 7 (7) 5 (8) 2 (6)
>2,<25 7(7) 4 (6) 2 (6)
>15,<2 14 (15) 9 (14) 3 (8)
>1,<15 17 (18) 3 (5) 6(17)
>05,<1 15 (16) 10 (15) 2 (6)
=0,<05 14 (15) 20 (30) 7 (19)
>.05,<0 6 (6) 69 1(3)
>-1,<-05 7 (7) 6 (9) 6 (17)
>-15,<-1 33) 0 (0) 4(11)
>2,<15 1(1) 3 (5) 0 (0)
>.25,<-2 0 (0) 0(0) 0(0)
>.3,<25 2(2) 0(0) 0(0)
Total (n = 197) 95 66 36
A B
4
3 Right eeccecccecces Left
2
1
C Ventral
/ \\:"‘ dind
1 —=] *
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Figure 4 Diagram showing the relation of the tracheal bifurcation to the
right bronchial artery ostia, coronal aspect (A), and dividing directions of
the right bronchial artery from the aortic arch (B) and from the descend-
ing aorta (C), axial aspect.

Figure 5 shows the relation between the left bronchial
artery ostia and the tracheal bifurcation. Of the 66 left
bronchial arteries, 33 (50%) divided at a level 0-1 cm cra-
nial to the bifurcation, 42 (64%) at 0-2 cm cranial, and 12
(18%) at -1 to 0 cm caudal to the bifurcation. A total of
54 (82%) left bronchial arteries divided at between -1 and
2 cm from the bifurcation.

The dividing directions of the left bronchial artery are
shown in Figure 5. Of the 62 left bronchial arteries that
divided from the descending aorta, 43 (70%) divided in
the direction of 11 to 1 o’clock and 18 (29%) divided at
the direction of 9 to 10 o’clock (Table 2). All 4 of the left
bronchial arteries that divided from the aortic arch did so
in the right caudal direction (Table 3).

The relation between the ostia of the aortic common
trunk bronchial arteries and the tracheal bifurcation is
shown in Figure 6. Of the 36 common tract bronchial
arteries, 9 (25%) divided at a level 0-1 cm cranial to the
bifurcation, 18 (50%) at 0-2 cm cranial, and 7 (20%) at
-1 to 0 cm caudal to the bifurcation. A total of 25 (70%)
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Table 2 Dividing direction of bronchial arteries from descending aorta 7 (%)

Time o’clock direction

Artery 7 8 9 10 11 12 1 2 Total
Right bronchial 1(1) 23) 49 (62) 15 (19) 6 (8) 1(1) 5 (6) 0 (0) 79
Left bronchial 0 (0) 0 (0) 11 (18) 7 (11) 11 (18) 21 (34) 11 (18) 1(2) 62
Common tract 0 (0) 0 (0) 4(13) 3 (10) 5 (16) 14 (45) 5 (16) 0 (0) 31
A B Table 3 Dividing direction of bronchial arteries from aortic
4 arch n (%)
3 Right s Left Artery Direction Total
2 Right caudal  Left caudal Middle caudal
Right bronchial 13 (81) 2 (13) 1(6) 16
1 C Ventral Left bronchial 4 (100) 0(0) 0(0) 4
Common tract 4 (80) 0 (0) 1 (20) 5
= I . J
-1 — /
. q . . e
g ) £ i Table 4 Comparisons of bronchial artery findings between
-2 Right 9. b Left pathological and multi-detector row computed tomography
w6 - studies n (%)
-3 Dorsal

Figure 5 Diagram showing the relation of the tracheal bifurcation to the
left bronchial artery ostia, coronal aspect (A), and dividing directions of
the left bronchial artery from aortic arch (B) and from the descending
aorta (C), axial aspect.

A B
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3
Right  ceee < Left
2
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-2 - Right =9 3 Left
W e
-3 Dorsal

Figure 6 Diagram showing the relation of the tracheal bifurcation to com-
mon trunk ostia of the right and left bronchial arteries, coronal aspect (A),
dividing directions of the common trunk from the aortic arch (B) and from
the descending aorta (C), axial aspect.

common tract bronchial arteries divided at a level be-
tween -1 and 2 cm from the bifurcation.

The dividing directions of the common tract bronchial
artery are shown in Figure 6. Of the 31 common tract
bronchial arteries that divided from the descending aorta,
24 (77%) divided in the direction of 11 to 1 o’clock and 7
(23%) divided at the direction of 9 to 10 o’clock (Table 2).
Of the 5 common tract bronchial arteries that divided from
the aortic arch, 4 (80%) divided in the right caudal direction
and 1 (20%) in the central caudal direction (Table 3).
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Pathological study MDCT study
Kasai Morita Present

et al'"” et al™! study
Right bronchial artery n =161 n =80 n=96
Direct origin from asrta 44 (27) 15 (19) 28 (29)
Intercostal bronchial trunk 86 (53) 61 (76) 67 (70)
Subclavian artery 31 (19) 4 (5) 1(1)
Left bronchial artery n=117 n=67 n=67
Direct origin from asrta 111 (95) 63 (94) 65 (97)
Intercostal bronchial trunk 1(1) 4 (6) 2 (3)
Subclavian artery 5(4) 0 0
Common trunk of both n =65 n =38 n =36
bronchial arteries
Direct origin from aorta / / 34 (94)
Intercostal bronchial trunk / / 2 (6)

Data are numbers of right, left and common trunk arteries. Numbers
in parentheses are percentages. MDCT: Multidetector row computed
tomography.

DISCUSSION

In a postmortem study, Cauldwell ¢z /' documented
that bronchial arteries divided from the aortic arch with
an incidence of 17.3%, compared with 13% in the pres-
ent study. Most bronchial arteries divide from the aorta;
however, they can also divide from sites such as the right
subclavian artery, left subclavian artery, or their branches.
The incidence of dividing from outside the aorta was
0.5% in the present study, 3.3% in a previous MDCT
series'”, and 15% in a previous pathological manuscript
(Table 4)". Morita e a/” proposed that bronchial arter-
ies arising from the subclavian arteries are likely to go
unnoticed on MDCT because of their small diameter.
Although limitations exist, the MDCT data regarding di-
viding sites, styles, and numbers of bronchial arteries are
comparable with data acquired in previous postmortem
series (Table 5). MDCT studies have the advantage of
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Table 5 Numbers of bronchial arteries

Kasai Cauldwell The present
et a'"” et a'"! study
(n=370) (n = 467) (n = 234)

No. of right bronchial arteries

0 0 0 1(1)
1 13 (13) 100 (67) 68 (68)
2 57 (57) 48 (32) 30 (30)
3 22 (22) 1(0.7) 1(1)
4 6 (6) 1(0.7) 0
No. of left bronchial arteries

0 0 0 99
1 3 (31) 47 (31) 79 (79)
2 59 (59) 93 (62) 12 (12)
3 8(8) 9 (6) 0

4 2(2) 1(0.7) 0

enabling exploration of the relation between the tracheal
bifurcation and other body components. The present
data (Table 4) regarding bronchial artery division from
the aorta are similar to the basic data obtained by Morita
et al”, but they did not focus on the relation between the
bronchial artery ostia and the tracheal bifurcation.
Previous pathological manuscripts noted that the
border between the aortic arch and the descending aorta
corresponds to the site of the left recurrent laryngeal
nervel """ and that dividing sites of the bronchial arteries
correspond to thoracic vertebral levels 5 to 6", How-
ever, this information is not always useful in the clinical
situation of catheter insertion to the bronchial arter-
ies because the position of the X-ray fluoroscopic field
changes frequently during catheterization, causing prob-
lems in identification of each thoracic vertebral level.
The tracheal bifurcation, however, is easily identified. The
information obtained in the present study can be used as
a reference regarding positioning of the bronchial artery
ostia from the aorta with respect to tracheal bifurcation.
During bronchial arterial embolization, it is important
to inhibit the migration of embolic material to the spinal
arteryw’gj, which may occur because the anterior spinal
artery communicates with the intercostal arteries. In the
present MDCT series, we observed no communication
between the anterior spinal artery and the intercostal
arteries, probably because of the small diameter of the
branches. Intercostal arteries arise from the dorsal as-
pect of the aorta, while bronchial arteries arise from
its ventral aspect. The frequency of a trunk of right
bronchial and intercostal arteries is previously reported
as 53.4%-66.8%"""; in the present study, this frequency
was 70% (67/95) (Table 4), while that of a trunk of left
bronchial and intercostal arteries was 3% (2/66), and
that of a trunk of common tract and intercostal arteties
was 6% (2/36). This difference in frequency between the
right, left, and common trunk arteries may be related to
the direction of division: i.e. the left bronchial artery and
common trunk arteries most commonly divide at 11 to 1
o’clock, while the right bronchial artery most commonly
divides at 9 to 10 o’clock. The intercostal arteries divided
dorsal to the right bronchial arteries at the approximate
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center of the thoracic vertebrae (Figure 3). Therefore,
during catheterization in BAE, the microcatheter might
pass over this dividing point to avoid causing neurologi-
cal complications.

One of the weaknesses in our MDCT study was the
failure to delineate the right bronchial artery in 1 subject
and the left bronchial artery in 9 subjects. In a previous
MDCT seties, Motita ¢ al” reported that MDCT did not
detect 6 small bronchial arteries that were later revealed
during surgery. In the present series, the mean CT values
on CTA at the level of the ascending aorta, aortic arch,
descending aorta, and diaphragm ranged from 389 to
353 HU. A greater density of contrast medium in the
aorta and thinner CT slices would improve the detection
of small bronchial arteries. Another weakness is that the
present study is restricted to patients without any episode
of hemoptysis. In contrast, in cases of hemoptysis the
responsible bronchial artery is usually dilated and easily
delineated on MDCT™,

In conclusion, although we could not demonstrate all
of the bronchial arteries on MDCT, CTA using MDCT
provides detailed information regarding the relation be-
tween bronchial artery ostia and tracheal bifurcation.

COMMENTS

Background

Although relationships between the origin of bronchial arteries and the thoracic
vertebrae are known from early studies, it is clinically useful to know how the
bronchial artery ostia relate to tracheal bifurcation rather than to the thoracic
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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 author’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@
wjgnet.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 manuscript 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.
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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, or 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
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 I, 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 I 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.
montgomety.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 W]K, 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/...;
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Instructions to authors

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-
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, editorial,
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, ex., and mentioned clearly
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.wijgnet.com/1007-9327/13/4554.pdf; http://
www.wignet.com/1007-9327/13/4891.pdf; http://www.
wignet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements 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 Er s B Ge et 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
clearly 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 ate used.
A third series of P values 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
wtitten permission to use any copyrighted text and/ot illustrations.
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Instructions to authors

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 ensure
the spelling accuracy of the first author’s name. Do not list the same
citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference list, e.g.
PMID and DO, 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 |,
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/wjg.13.
6350]

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

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diat-
rhoea. Shijie Huaren Xiaohuna Zazhi 1999; 7: 285-287

In press

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

Organization as anthor

4 Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 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 RJ;
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. BMJ
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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]

Lssue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthep
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
97/00003086-200208000-00026]

No volume or issne

9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

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

Chapter in a book (list all authors)

11 Lam SK. Academic investigator’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 serial 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
y’ (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 ug/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, ez. Arabic
numerals such as 23, 243, 641 should be read 23243 641.
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The format for how to accurately write common units and
quantums can be found at: http://www.wijgnet.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 ate 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,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

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

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, et

Restriction enzymes: EcwRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E colr, ete.

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

Frontier: http://wwwwignet.com/1949-8470/¢_info_2010031318
2448 htm

Topic highlight: http:/ /wwwwjgnet.com/1949-8470/g_info_201003
13182639.htm

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

Guidelines for basic research: http:/ /wwwwignet.com/1949-8470/
g info_20100313183057.htm

Guidelines for clinical practice: http://www.wijgnet.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

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

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

Letters to the editot: http://wwwwignet.com/1949-8470/¢g_info_20
100313184410.htm

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

Guidelines: http://wwwwignet.com/1949-8470/¢_info_20100313
185047 .htm
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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 image
figures (if any) should be re-submited online (http://www.wijgnet.
com/1949-84700ffice/). The author should send the copyright
transfer letter, responses to the reviewers, English language Grade B
certificate (for non-native speakers of English) and final manuscript
checklist to wit@wjgnet.com.

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 atticles should reach
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wijgnet.com/1949-8470/g_info_20100313185522.htm.

Responses to reviewers

Please revise your atticle 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/
¢ 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

IWJR 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 manuscript 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 title for
news items should be less than 90 characters; the summary should
be less than 75 wotds; and main body less than 500 wotds. Science
news items should be lawful, ethical, and strictly based on your
original content with an attractive title and interesting pictures.

Publication fee

IWJR 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.
Authors of accepted articles must pay a publication fee. The relat-
ed standards are as follows. Publication fee: 1300 USD per article;
Reprints fee: 350 USD per 100 reprints, including postage cost.
Editorial, topic highlights, book reviews and letters to the editor
are published free of charge.
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