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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-

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[1]. Recent percutaneous intervention 
studies showed steady increase in the usage of  contrast 
media. Iodinated 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[2,3].

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 are 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 required 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)[4]. Other preclinical gadolinium-
based intravascular media, which are used to extract 
physiologic and morphologic information are Gadomer 
17[5] and P792[6]. 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[7,8]. 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-chelates[7]. Besides 

the dose, the chemical structure of  the chelate (defining 
the complex stability) has a major impact in increasing 
the risk of  developing NSF. 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 intensity[9,10]. While T1 shortening 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 NSF. 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[11-13], tissue ablation[14] and cancer 
therapy[15]. They have also become MR markers of  in-
flammatory and degenerative disorders associated with a 
high macrophage phagocytic activity[16].

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 earlier. Endovascular catheters and devices appear 
as dark objects in these cases. Furthermore, intravenous 
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injection of  MR contrast media during vascular interven-
tion ensures procedure safety by enhancing the contrast 
between the vascular wall and endovascular catheter[17] 
(Figure 1) and may prevent vascular perforation[18]. In-
vestigators coated the shaft and tip of  endovascular 
catheters with either T2* or T1

[19,20] 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.

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 

� January 28, 2012|Volume 4|Issue 1|WJR|www.wjgnet.com

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).
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C

BA

D

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. 
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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 integrity[21,22]. 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 arteries 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[23] and hepatocellular tu-
mors[24]. The standard protocol for evaluation of  this in-
tervention consists of  dynamic gadolinium-enhanced 3D 
pelvic MR angiography and delayed contrast enhanced 
MRI[25]. 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[26]. Embolization follow up 
showed that the procedure was successful when fibroids 
were unenhanced and the uterine arteries were invisible 
on perfusion MRI[27]. In a rabbit tumor model, Chung 
et al[28] 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[29,30]. 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 in vivo 

fate of  the injected emboli. Assessment of  embolization 
relies on interpretation of  visual blood flow informa-
tion[23,31] 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[32], 
while exceeding the endpoint by injecting too much em-
bolic material increases the chances of  uterine damage[31]. 
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 et al[33] impregnated the embolic 
materials (300-500 and 500-700 μm in diameters) with 
gadolinium-chelate by diffusion of  the contrast medium 
into the core of  the porous particles to visualize their 
distribution. Wilson et al[34] used these impregnated em-
bolic materials in visualizing the obstruction of  different 
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 μm microspheres (from 3.9 
to 1.0 mL/min per gram) and 500-700 μm microspheres 
(from 3.5 to 0.2 mL/min per gram)[34] (Figure 4). 

In 2008, Cilliers et al[35] 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 et al[36] presented embolization con-
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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.
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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 MRI. 

An important clinical application of  MR contrast me-
dia is that shown by Wilson et al[34], where patients with 
inoperable hepatocellular carcinoma were successfully 
treated using iron particles bound to doxorubicin. The 
particles ranged from 0.5-5.0 μm 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 

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, etc. Contrast enhanced MRI has been suc-
cessfully used to assess the success of  ablation[37-39]. The 
diagnostic benefits of  MR contrast media in differentiat-
ing ablated from non-ablated tissue have been confirmed 
in multiple centers[40,41]. 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-
jection[42]. Similarly, Goldberg and Dupuy observed a lack 
of  contrast enhancement after gadolinium injection in 
ablated liver metastasis[43]. Accordingly, changes in signal 
intensity, size, and internal contours of  ablated tissue on 
contrast enhanced MRI gives important clues about the 
success of  therapy[44].

Contrast enhanced MRI is also useful for arrhythmic 
substrate identification[45,46]. This technique has the ability 
to encompass the target volume through direct imaging 
of  signal enhancement after tissue ablation in patients[47]. 
Clinical studies have demonstrated the association be-
tween infarct scar, peri-infarcted zone and the risk of  
monomorphic ventricular tachycardia[46,48,49]. An inte-
grated 3D scar reconstruction from delayed gadolinium-
enhanced MRI was used to facilitate ventricular tachycar-
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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.
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dia ablation[50]. van Dockum et al[51] evaluated myocardial 
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 

contrast media in providing diagnostic information on 
an atrial septal defect, a congenital heart defect in which 
the wall that separates the atria does not close completely. 
Schalla et al[52] 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 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.
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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.
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closure, where contrast enhancement of  the right ventricle 
is detected simultaneously 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[53-55]. 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 electrocardiogram[56]. Recent MR and MDCT studies 
showed the effectiveness of  MR and CT contrast media 
in detecting and measuring microinfarct size[57,58].

MR contrast media showed great promise in detect-
ing specific biological processes involved in the initiation 
and progression of  atherosclerosis that may require intra-
vascular intervention[59,60]. von Bary et al[61] experimentally 
demonstrated the feasibility of  noninvasive assessment of  

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 therapies[62]. 

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. Saeed et al[63] 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-guidance[64] or intra-
coronary infusion[65,66]. Graham et al[66] were able to fol-
low the distribution of  iron oxide labeled bone marrow 
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[67]. Recent 
preclinical and clinical studies showed the importance 
of  MR contrast media in determining the efficacy of  
stem cells[68-70]. First pass MR contrast media passage 
documented the benefits of  angiogenic growth factors[71] 
and angiogenic genes[72] in increasing regional myocardial 
perfusion (Figure 9). Pearlman et al[71] 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[73,74], demonstrating 
vascular diseases and easing visualization of  endovascular 
devices[21]. These agents were delivered intravenously or 
intraarterially to enhance arterial[74,75] or venous vessels[76]. 

Inflammation is a key process in atherosclerotic pro-
gression and has been associated with increased frequen-
cy of  plaque rupture[77]. 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 properties[78].

Cell labeling
Both gadolinium and iron oxide based contrast media are 
useful for labeling different types of  cells that assist in 
cell tracking[79,80]. These agents have no negative effects 
on cell viability, proliferation or differentiation[81,82]. The 
toxicity of  iron oxide particles is less than free gado-
linium because free iron particles released from dead iron 
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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.
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labeled cells are recycled in the body and not associated 
with NSF.

MR contrast media can be introduced into the intra-
cellular compartments by endocytosis, phagocytosis or 
magnetoelectroporation. Investigators found that the 

duration of  detection of  labeled cells on MRI varies 
from 5 wk for embolic stem cells[83] to 16 wk for skeletal 
myoblasts[84]. Modo et al[85] observed that gadolinium che-
late labeling allows in vivo identification of  transplanted 
neural cells up to 1 year after transplantation in rats with 

5 wk after
infarction

10 wk after
infarction and 
5 wk after 
delivery of 
angiogenic 
genes

10 wk after
infarction

5 wk after
infarction

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).

12 s 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.
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middle cerebral artery occlusion. Bulte et al[86] 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  100 000 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[79,86,87]. 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.

Saeed et al[21] 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[22]. Others used contrast enhanced 
MRI for determining the effects of  intracoronary stem 
cell therapy on left ventricular function[88]. 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[56]. MR 
contrast media have been recently used to visualize myo-
cardial microinfarct caused by coronary microemboli[57,58] 
and in the validation of  manual thrombectomy devices[89]. 
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-

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 a 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, etc . 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, etc. 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[1-7]. 
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[8,9]. Neural invasion has been found 
at operation in 91% of  patients with pancreatic carci-
noma[10]. Nakao et al[11] 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 markedly 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)����������������������������������������������       ���������������������������������������������     nerve plexus and splenic plexus, respectively[5-7,12]. 

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[13-15]. It is likely that diagnosis of  extrapancreat-
ic neural plexus invasion by pancreatic carcinoma would 
be more precise and exact using MDCT[16]. 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[17]. 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, etc., 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[18].

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[8,18]. 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 findings[8,13,19].

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 superior pancreatic parenchy-

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-
noma and the extrapancreatic invasion[15,16]. 

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. FRFSE 
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[20-23].

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 (early 
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 
group[22]. All the MRI pictures were taken from our hos-
pital patients, and all the examinations were 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[8,24,25] 
and pancreatic carcinoma[26]. Miura[24] 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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the SMA and celiac artery with an accuracy of  63% on 
CT using 5 mm slice table incremental CE-CT, when per-
formed on eight patients with pancreatic head carcinoma.

The main patterns of  extrapancreatic neural inva-
sion by pancreatic carcinoma on CT have been seen to 
include: (1) peripancreatic retroperitoneal adipose tissue 
space disappeared and irregular soft tissue found in adi-
pose tissue space; (2) adipose tissue space around SMA 
or superior mesenteric vein (SMV) disappeared; (3) adi-
pose tissue space around celiac trunk disappeared; and (4) 
adipose tissue space behind spleen vein became narrow 

or disappeared[8,16]. The second portion of  the extrapan-
creatic neural plexus (PLX-Ⅱ) is more susceptible to be 
invaded by carcinoma of  pancreatic head[10,27] (Figure 1). 
The coelial plexus is preferentially invaded by carcinoma 
of  the head and body of  the pancreas (Figure 2). The 
splenic neural plexus is often invaded by carcinoma of  
the pancreatic tail[6,12] (Figures 3 and 4).

Tian et al[8] studied 41 patients with carcinoma of  
pancreatic head, establishing two levels of  criteria (A and 
B) for the assessment of  neural plexus invasion on thin-
section helical CT imaging. Criterion A was with respect 
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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 ×); D: Histopathology confirmed extrapancreatic neural (asterisk) invasion by pancreatic carcinoma (arrows) (HE, 200 ×). 
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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 ×).
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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-Ⅱ: A0, no change in fat attenua-
tion; A1, 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 6)[16,28,29]. Criterion B was defined 
based on the status of  the jejunal trunk (JT) because JTs 

are exclusively visualized on thin-section helical CT and 
run across the PLX-Ⅱ: V-, normal JT; V+, stenosis or 
obstruction of  the JT[30]. 

Tian et al[8] 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 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. 
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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 ×). 

BA

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).
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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 ×; D, HE, 200 ×).
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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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95% according to criterion A; and 18%, 100% and 62% 
according to criterion B, for evaluating the PLX-Ⅱ 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 

the tumor, including the SMV and/or portal vein, SMA, 
celiac axis artery, common and/or proper hepatic artery, 
and splenic artery[22].

On MR imaging, the degree of  the extrapancreatic 
neural invasion might be classified into three grades[8,17]: 
NV0, 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 imaging[23,31-33].

18 January 28, 2012|Volume 4|Issue 1|WJR|www.wjgnet.com

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 ×; F: HE, 200 ×.
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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 ×; F: HE, 200 ×.
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The signal intensity of  the nerve invasion is similar to 
that of  pancreatic carcinoma on MR imaging[17,18], 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[31,34,35].

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, 

vascular invasion was often demonstrated in the setting 
of  nerve invasion (Figure 9), and the degree of  vascular 
invasion was correlated with that of  nerve invasion (r = 
0.58, P < 0.005)[22]. 

CONCLUSION
Extrapancreatic neural plexus invasion by pancreatic car-
cinoma on CT and MR imaging appears as streaky and 
strand-like signal intensity structures in fat tissue and ir-
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 

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[1,2], the concerns associated with 
radiation exposure have also increased in both the news 
media[3] and the medical literature[4]. 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[5-8]. 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 images[9,10]. 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[11-13]. New non-linear adaptive filters 
(NLAF) have been developed and studied using phantom 
and simulated CT images[14-19].

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 dysrhyth-
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-

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 inter-
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 Cor-
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[7,20-22].

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-
gions 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 transverse 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 (CTDIvol, 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 κ 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 (κ = 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 (n = 7 lesions), abdominal lymph nodes 
(n = 5), adrenal lesions (n = 4), gall bladder stones (n = 3), 
focal liver lesions (n = 2), peri-renal stranding (n = 2), cho-
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lecystectomy (n = 1), minimal ascites (n = 1), surgical clip 
(n = 1), IVC graft (n = 1), peri IVC soft tissue stranding (n 
= 1), splenic calcification (n = 1), calcified atherosclerotic 
plaque (n = 1) and hydronephrosis (n = 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 

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 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 
(200 mAs)

Unpro 
(150 mAs)

Pro 
(150 mAs)

Unpro 
(100 mAs)

Pro 
(100 mAs)

Unpro 
(50 mAs)

Pro 
(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 150 mAs Processed 100 mAs Processed 50 mAs

Post-processed with NLAF

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.
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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).

Radiation doses
CTDIvol 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[21-23]. 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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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 
(200 mAs)

Unpro 
(150 mAs)

Pro 
(150 mAs)

Unpro 
(100 mAs)

Pro 
(100 mAs)

Unpro 
(50 mAs)

Pro 
(50 mAs)

Liver
Objective noise 15.5 ± 3.9 18.2 ± 4.9 14.4 ± 4.0  21.9 ± 5.6 15.7 ± 4.0  30.4 ± 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 17.4 ± 4.2 20.5 ± 5.4 16.0 ± 3.8  24.8 ± 6.2    18.5 ± 4.2  34.3 ± 9.3 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   5/19 19/19   0/19
   Weight (kg)   74.5 ± 14.8   95.2 ± 11.1   79.9 ± 16.5 -
   Transverse diameter (cm) 34.2 ± 4.3 42.9 ± 4.5 36.5 ± 5.8 -
100 mAs   4/19 15/19 17/19   2/19
   Weight (kg) 77.1 ± 4.0   80.7 ± 18.6   76.9 ± 14.6 106.0 ± 4.3
   Transverse diameter (cm) 32.5 ± 3.5 37.6 ± 5.9 35.7 ± 5.6   43.5 ± 0.7
50 mAs   0/19 19/19   5/19 14/19
   Weight (kg) -   79.9 ± 16.5   66.2 ± 13.0     91.4 ± 15.1
   Transverse diameter (cm) - 36.5 ± 5.8 33.0 ± 3.4   40.6 ± 6.1

Subjects with unacceptable image noise in processed images were significantly heavier and had greater transverse diameter than subjects with acceptable 
image noise. 
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other hand, image post processing filters have also been 
developed to lower image noise[12-14]. 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[12-14]. 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 et al[11-13]. 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 et al[14], who 
found that 80 to 100 mAs images were acceptable fol-
lowing post processing with a different vendor’s NLAF. 
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 et al[19] 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 Kröpil 
et al[18], 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 et al[15], also using the 

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 NLAF. 
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APPENDIX
The two dimensional NLAF used in this study are based 
on the General Operator Processor technology[24]. 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). Each 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-

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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Unprocessed image Post processed image
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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. 
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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 

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 o’clock 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 resolution, computed 
tomography angiography (CTA) with MDCT is increas-
ingly being used to identify the artery responsible for he-
moptysis[1-6]. Although in some instances non-bronchial 
arteries are involved in hemoptysis[1,7,8], the main source 
of  hemoptysis is a bronchial artery[9]. 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 early studies[10,11]. Remy-Jardin 
et al[1] 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[1-4]. 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 × 0.625 mm detector configuration in 
which interspaced helical data sets were 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���������������������������     ��������������   evaluat�������������������    ��������������  ion of  the thorax�� ��������������  . Using an auto-
matic injector (Dual Shot GX, Nemotokyorindo, Tokyo, 
Japan)����������������������������������������������������        , each patient received an �������������������������   intravenous �������������  b������������  olus of  non-
ionic contrast medium at 580 mg I/�������������������   k������������������   g of  patient body 

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 ������������������������   i�����������������������   nitially���������������   , 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, per-
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. Ar-
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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First, dividing sites of  the bronchial arteries 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 transverse 
0.5 mm thick slices. Third, the dividing directions of  the 
bronchial arteries from the descending aorta were 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 ± 66, and 353 
± 68, 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).

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 arteries, 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 a 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 36) 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 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).
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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).
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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).

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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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).
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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.

Table 1  Relation between bronchial arteries ostia from aorta 
and tracheal bifurcation  n  (%)

Level from tracheal 
bifurcation (cm)

Right bronchial 
artery

Left bronchial 
artery

Common 
tract artery

≥ 4, < 4.5 0 (0) 0 (0) 2 (6)
≥ 3.5, < 4 2 (2) 0 (0) 1 (3)
≥ 3, < 3.5 0 (0) 0 (0) 0 (0)
≥ 2.5, < 3 7 (7) 5 (8) 2 (6)
≥ 2, < 2.5 7 (7) 4 (6) 2 (6)
≥ 1.5, < 2 14 (15)   9 (14) 3 (8)
≥ 1, < 1.5 17 (18) 3 (5)   6 (17)
≥ 0.5, < 1 15 (16) 10 (15) 2 (6)
≥ 0, < 0.5 14 (15) 20 (30)   7 (19)
≥ -0.5, < 0 6 (6) 6 (9) 1 (3)
≥ -1, < -0.5 7 (7) 6 (9)   6 (17)
≥ -1.5, < -1 3 (3) 0 (0)   4 (11)
≥ -2, < -1.5 1 (1) 3 (5) 0 (0)
≥ -2.5, < -2 0 (0) 0 (0) 0 (0)
≥ -3, < -2.5 2 (2) 0 (0) 0 (0)
Total (n = 197) 95 66 36
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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).

DISCUSSION
In a postmortem study, Cauldwell et al[11] 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[5], and 15% in a previous pathological manuscript 
(Table 4)[11]. Morita et al[5] 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 2  Dividing direction of bronchial arteries from descending aorta  n  (%)

Time o’clock direction

Artery 7 8 9 10 11 12 1 2 Total

Right bronchial 1 (1 ) 2 (3) 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

Table 3  Dividing direction of bronchial arteries from aortic 
arch  n  (%)

Artery Direction Total

Right caudal Left caudal Middle caudal

Right bronchial 13 (81)   2 (13) 1 (6) 16
Left bronchial     4 (100) 0 (0) 0 (0)   4
Common tract   4 (80) 0 (0)   1 (20)   5

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.
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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.

Table 4  Comparisons of bronchial artery findings between 
pathological and multi-detector row computed tomography 
studies  n  (%)

Pathological study          MDCT study

Kasai 
et al [10]

Morita 
et al [5]

Present 
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 
bronchial arteries

  n = 65 n = 38 n = 36

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. 
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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[5], 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 
nerve[10,11] and that dividing sites of  the bronchial arteries 
correspond to thoracic vertebral levels 5 to 6[10,11]. 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 
artery[7,9], 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%[10,11]; 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 arteries 
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 

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 series, Morita et al[5] 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[2,4].

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
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exact thoracic vertebral level is difficult to identify.
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Innovations and breakthroughs
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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. Of the 66 left bronchial arteries, 33 (50%) divided at a 
level 0-1 cm cranial 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.
Applications
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approximate center of the thoracic vertebrae. Therefore, during catheterization 
in BAE, the microcatheter might pass over this dividing point to avoid causing 
neurological complications.
Terminology
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Peer review
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Table 5  Numbers of bronchial arteries

Kasai 
et al [10] 

(n  = 370)

Cauldwell 
et al [11] 

(n  = 467)

The present 
study 

(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 9 (9)
   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

 COMMENTS

Ziyawudong J et al . Relation between BA ostia and tracheal bifurcation



35 January 28, 2012|Volume 4|Issue 1|WJR|www.wjgnet.com

REFERENCES
1	 Remy-Jardin M, Bouaziz N, Dumont P, Brillet PY, Bruzzi 

J, Remy J. Bronchial and nonbronchial systemic arteries at 
multi-detector row CT angiography: comparison with con-
ventional angiography. Radiology 2004; 233: 741-749

2	 Bruzzi JF, Rémy-Jardin M, Delhaye D, Teisseire A, Khalil C, 
Rémy J. Multi-detector row CT of hemoptysis. Radiographics 
2006; 26: 3-22

3	 Yoon YC, Lee KS, Jeong YJ, Shin SW, Chung MJ, Kwon OJ. 
Hemoptysis: bronchial and nonbronchial systemic arteries at 
16-detector row CT. Radiology 2005; 234: 292-298

4	 Chung MJ, Lee JH, Lee KS, Yoon YC, Kwon OJ, Kim TS. 
Bronchial and nonbronchial systemic arteries in patients 
with hemoptysis: depiction on MDCT angiography. AJR Am 
J Roentgenol 2006; 186: 649-655

5	 Morita Y, Takase K, Ichikawa H, Yamada T, Sato A, Higano 
S, Takahashi S. Bronchial artery anatomy: preoperative 
3D simulation with multidetector CT. Radiology 2010; 255: 

934-943
6	 Battal B, Saglam M, Ors F, Akgun V, Dakak M. Aberrant 

right bronchial artery originating from right coronary artery 
- MDCT angiography findings. Br J Radiol 2010; 83: e101-e104

7	 Yoon W, Kim JK, Kim YH, Chung TW, Kang HK. Bronchial 
and nonbronchial systemic artery embolization for life-
threatening hemoptysis: a comprehensive review. Radio-
graphics 2002; 22: 1395-1409

8	 Yoon W, Kim YH, Kim JK, Kim YC, Park JG, Kang HK. Mas-
sive hemoptysis: prediction of nonbronchial systemic arte-
rial supply with chest CT. Radiology 2003; 227: 232-238

9	 Rémy J, Arnaud A, Fardou H, Giraud R, Voisin C. Treat-
ment of hemoptysis by embolization of bronchial arteries. 
Radiology 1977; 122: 33-37

10	 Kasai T, Chiba S. Macroscopic anatomy of the bronchial ar-
teries. Anat Anz 1979; 145: 166-181

11	 Cauldwell EW, Siekert RG. The bronchial arteries; an ana-
tomic study of 150 human cadavers. Surg Gynecol Obstet 
1948; 86: 395-412

S- Editor  Cheng JX    L- Editor  O’Neill M    E- Editor  Zheng XM

Ziyawudong J et al . Relation between BA ostia and tracheal bifurcation



ACKNOWLEDGMENTS

Acknowledgments to reviewers of World Journal of 
Radiology

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

Dr. Kazushi Kishi, Wakayama Medical University, Kimiidera 
811-1, Wakayama City 641-8510, Japan

Wazir Muhammad, PhD, Nuclear Energy Application Labora-
tory, Department of  Physics, Kyungpook National University, 

Sankuk-dong, Buk-gu, Daegu 702-701, South Korea

Yahya Paksoy, MD, Professor, Department of  Radiology, Selcuk 
University Meram Chool of  Medicine, 42085 Konya, Turkey

Dr. Monvadi Barbara Srichai-Parsia, Department of  Radiol-
ogy and Medicine, NYU School of  Medicine, 530 First Avenue, 
HCC-C48, New York 11211, United States

Ioannis Tsalafoutas, PhD, Medical Physics Department, Antican-
cer Hospital “Agios Savvas”, 115 22 Athens, Greece

Ender Uysal, MD, Sisli Etfal Training and Research Hospital, 
Clinic of  Radiology, Sisli Etfal Eğitim ve Araştırma Hastanesi Rady-
oloji Kliniği, Etfal sok. Sisli, Istanbul 34377, Turkey

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

World J Radiol 2012 January 28; 4(1): I
ISSN 1949-8470 (online)

© 2012 Baishideng. All rights reserved.

World Journal of 
RadiologyW J R

� January 28, 2012|Volume 4|Issue 1|WJR|www.wjgnet.com



Events Calendar 2012
January 3-7, 2012
Imaging at Bachelor Gulch
Beaver Creek, CO 81620, 
United States
 
January 12-14, 2012
IROS 2012: Interventionell 
Radiologischen Olbert Symposium
Salzburg, Austria

January 26-29, 2012
American Society of Neuroimaging 
2012 35th Annual Meeting
Miami, FL 33169, United States

February 9-11, 2012
JIM joint interventional meeting 
2012
Rome, Italy

February 13-16, 2012
Emergency Radiology
Palm Beach, FL 33480, United States

February 16-19, 2012
ASSR 2012 Annual Symposium
Miami Beach, FL 33169, 
United States

February 19-23, 2012
Internal Derangements of Joints: 
Advanced and Intensive MR 
Imaging/With a Special Symposium 
on Ankle and Foot
Coronado, CA 92118, United States

February 21-24, 2012
MRI in Practice
Oslo, Norway

March 1-5, 2012
ECR 2012
Vienna, Austria

March 7-10, 2012
ISCD's 18th Annual Meeting
Los Angeles, CA 90001, 
United States
 

March 7-11, 2012
7th Annual Fundamentals of 
Musculoskeletal Ultrasound
San Diego, CA 92111, United States

March 25-30, 2012
Diseases of the Brain, Head and 
Neck Spine
Davos, Switzerland
April 13-15, 2012
ACR 35th National Conference on 
Breast Cancer
Hollywood, FL 33019, United States

April 22-24, 2012
Euroson 2012
Madrid, Spain

April 24-27, 2012
MRI in Practice
Aalst, Belgium

April 25-28, 2012
ECIO 2012 - Third European 
Conference on Interventional 
Oncology
Florence, Italy

May 15-18, 2012
EURO PCR
Paris, France

May 19-23, 2012
ECTS 2012
Stockholm, Sweden

May 28-June 01, 2012
The International Congress of 
Pediatric Radiology
Athens Greece

June 7-9, 2012
ASCI 2012 6th Congress of Asian 
Society of Cardiovascular Imaging
Bangkok, Thailand

June 14-16, 2012
ICCIR 2012 – International 
Conference on Complications in 

Interventional Radiology
Poertschach, Austria

June 16-19, 2012
2nd IDKD Hong Kong 2012, 
Diseases of the Abdomen and Pelvis
Hong Kong, China

June 17-20, 2012
14th Annual International 
Symposium on Multidetector-Row 
CT
San Francisco, CA �������94103��, 
United States

June 27-30, 2012
CARS 2012
Pisa, Italy

July 1-3, 2012
16th Symposium Mammographicum
Harrogate, United Kingdom

July 19-22, 2012
Society of Cardiovascular Computed 
Tomography 6th Annual Scientific 
Meeting
Baltimore, Maryland

August 30-2, 2012
14th Asian Oceanian Congress of 
Radiology 
Sydney, Australia

September 6-8, 2012
Update in Abdominal and 
Urogenital Imaging
Bruges, Belgium

September 12-15, 2012
ISS 2012
Rome, Italy

September 13-15, 2012
4th ESMINT Congress
Nice, France

September 13-16, 2012
18th Annual Symposium ESUR
Edinburgh, United Kingdom 

September 15-19, 2012
CIRSE 2012
Lisbon, Portugal

September 20-23, 2012
2012 SDMS Annual Conference
Seattle, WA 98113, United States
 
September 24-27, 2012
MRI in Practice
Ballerup, Denmark

October 4-6, 2012
ESMRMB congress 2012 29th Annual 
Scientific Meeting
Lisbon, Portugal
 
October 12-13, 2012
EUSOBI Annual Scientific Meeting 
2012
Barcelona, Spain

October  26-28, 2012
22th Annual Meeting of the Society 
of Radiologists in Ultrasound
Baltimore, MD 21213, United States

November 10-14, 2012
13th congress of WFITN
Buenos Aires, Agentina

November 14-17, 2012
BSIR Annual Meeting 2012 
Bournemouth, United Kingdom

November 27- December 03, 2012
IEEE Nuclear Science Symposium 
and Medical Imaging Conference
Anaheim, CA 92805, United States

December 2-4, 2012
ICI 2012 - Innovations in 
Cardiovascular Interventions 
Meeting
Tel Aviv, Israel

December 4-8, 2012
34rd San Antonio Breast Cancer 
Symposium, 
San Antonio, TX 78258 , 
United States
 

World Journal of 
RadiologyW J R

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

World J Radiol 2012 January 28; 4(1): I
ISSN 1949-8470 (online)

© 2012 Baishideng. All rights reserved.

� January 28, 2012|Volume 4|Issue 1|WJR|www.wjgnet.com

MEETINGS



World J Radiol 2012 January 28; 4(1): I-V
ISSN 1949-8470 (online)

© 2012 Baishideng. All rights reserved.

GENERAL INFORMATION
World Journal of  Radiology (World J Radiol, WJR, online ISSN 
1949-8470, DOI: 10.4329), is a monthly, open-access (OA), peer-
reviewed journal supported by an editorial board of  319 experts in 
Radiology from 40 countries.

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

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

ticles, thereby realizing the maximization of  the personal benefits 
of  editorial board members, authors and readers, and yielding the 
greatest social and economic benefits�.

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

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

Name of journal
World Journal of  Radiology

ISSN
ISSN 1949-8470 (online)

Editor-in-Chief
Filippo Cademartiri, MD, PhD, FESC, FSCCT, Professor, Car-
dio-Vascular Imaging Unit-Giovanni XXIII Hospital, Via Giovanni 
XXIII, 7-31050-Monastier di Treviso (TV), Italy

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

World Journal of 
RadiologyW J R

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

� January 28, 2012|Volume 4|Issue 1|WJR|www.wjgnet.com

INSTRUCTIONS TO AUTHORS



Instructions to authors

E-mail: wjr@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-59080039
Fax: +86-10-85381893

Indexed and Abstracted in
PubMed Central, PubMed, Digital Object Identifer, and Directory 
of  Open Access Journals.

Published by
Baishideng Publishing Group Co., Limited.

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

Biostatistical editing
Statisital review is performed after peer review. We invite an expert in 
Biomedical Statistics from to evaluate the statistical method used in 
the paper, including t-test (group or paired comparisons), chi-squared 
test, Ridit, probit, logit, regression (linear, curvilinear, or stepwise), 
correlation, analysis of  variance, analysis of  covariance, etc. The re-
viewing points include: (1) Statistical methods should be described 
when they are used to verify the results; (2) Whether the statistical 
techniques are suitable or correct; (3) Only homogeneous data can be 
averaged. Standard deviations are preferred to standard errors. Give 
the number of  observations and subjects (n). Losses in observations, 
such as drop-outs from the study should be reported; (4) Values such 
as ED50, LD50, IC50 should have their 95% confidence limits cal-
culated and compared by weighted probit analysis (Bliss and Finney); 
and (5) The word ‘significantly’ should be replaced by its synonyms (if  
it indicates extent) or the P value (if  it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any po-
tential bias, WJR requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indicate any 
potential conflict they might have reviewing a particular paper. Before 
submitting, authors are suggested to read “Uniform Requirements for 
Manuscripts Submitted to Biomedical Journals: Ethical Considerations 
in the Conduct and Reporting of  Research: Conflicts of  Interest” from 
International Committee of  Medical Journal Editors (ICMJE), which is 
available at: http://www.icmje.org/ethical_4conflicts.html. 

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

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

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 

in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each 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/1949-8470office. 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.

II January 28, 2012|Volume 4|Issue 1|WJR|www.wjgnet.com



Instructions to authors

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 L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

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

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

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

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

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

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 

MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P val-
ues where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 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.wjgnet.com/1949-8470/g_info_20100313183720.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
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are applicable. Figures should be either Photoshop or Illustra-
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