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Abstract

For about 50 years, angiography represented the only
imaging method for studying carotid arteries in order
to detect the presence of pathological stenosis due to
atherosclerotic plaque. Recently, thanks to the use of
non-invasive methods, physicians are able to study and
quantify the presence of carotid atherosclerosis /n vivo.
These procedures have enabled the introduction of new
concepts: (1) the degree of carotid stenosis is approxi-
mate to the volume and extension of carotid plaque;
and (2) a set of parameters, easily identifiable by com-
puted tomography angiography, magnetic resonance
angiogram and ultra-sound echo-color Doppler, are
closely linked to the development of ischemic symptoms
and can significantly increase the risk of stroke regard-
less of the degree of stenosis. In light of these findings,
vulnerable plaques should be identified early, and the
role of Digital Subtraction Angiography which is a purely
technical luminal technique should be determined.

© 2011 Baishideng. All rights reserved.

Key words: Carotid arteries; Computed tomography an-
giography; Digital Subtraction Angiography
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INTRODUCTION

The term atherosclerosis is derived from the Greek words
“atheroma” and “sclerosis” which mean “mush” and “hard-
ening”, respectively. These two words indicate the hardening
of the vascular wall and lumen reduction of the same vessel.
Atherosclerosis remains the commonest cause of death in
the Western world. A degree of carotid artery narrowing has
been reported in up to 75% of men and 62% of women
aged 65 years'"!. The first study to identify an association
between carotid artery lesions and the incidence of stroke
is attributed to Savory, who in 1856 reported the case of
a woman with cerebrovascular symptoms and where the
autopsy examination revealed an occlusion of the distal tract
of the left internal carotid artery associated with a bilateral
obstruction of the subclavian artery. Since this first report
many others have been described”™ providing evidence of
a strong cortelation between carotid pathology and cerebral
symptoms. Currently, this pathology is the third leading cause
of severe disability in the Western world causing 4.5 million
deaths®”. Tt has been demonstrated that the majority of cer-
ebrovascular events appeat be a consequence of emboli from
an atherosclerotic plaque of, acute occlusion of the carotid
artery, with distal propagation of the thrombus. Therefore,
the identification and charactetization of atherosclerotic dis-
ease affecting the carotid arteries is fundamental.

June 28, 2011 | Volume 3 | Issue 6 |
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DIGITAL SUBTRACTION ANGIOGRAPHY
OF CAROTID ARTERIES

The history of intra-arterial angiography is glorious and
from the first study published in 1924 by Brooks', tech-
niques have continuously improved and ultrasoft cath-
eters, high-resolution biplane angiography equipment
and Digital Subtraction Angiography (DSA) are currently
used. DSA is an imaging technique used in interventional
and diagnostic radiology that requires femoral artery
puncture and intra-arterial injection of contrast medium,
usually into the aortic arch or the common carotid artery.
It is possible to obtain images of the carotid stenotic lu-
men with high spatial resolution and an estimation of
low dynamics, such as slow and delayed blood flow.

DSA was previously considered the gold standard
for the study of carotid artery pathology, because of its
high spatial (50 um) and temporal resolution (10 ms).
This method allows us to obtain optimal definition of
the opacified lumen, as well as plaque characteristics such
as lumen irregularity or plaque ulcerations” ", However,
DSA has some limitations, it is invasive, expensive (com-
pared to Computed Tomography and Magnetic Reso-
nance), time expensive and requires a period of bed rest.
It is important to underline that with current technologi-
cal improvements (use of small catheter sizes) DSA can
now be considered a minimally-invasive procedure and
that the period of bed rest, with the use of a closure de-
vice, is limited. The main concern with DSA is the risk
of neurological complications, however, this point is de-
bated: in 1990 the risk of permanent neurological com-
plications reached approximately 0.9% and transient neu-
rological complications approximately 2%, However, in
the last few years the risk of neurological complications
after DSA is low; Thiex ez @/ in a paper published in the
American Journal of Neuroradiology in 2010, evaluated
the safety of DSA provided by a dedicated neurointer-
ventional team in a high-volume university hospital. They
analyzed a cohort of 1715 patients from 2000 to 2008
and observed that no strokes or permanent neurologic
deficits were seen in any of the 1715 patients undergoing
diagnostic neuroangiography and only one patient experi-
enced a transitory ischemic attack (TTIA). This study dem-
onstrated that within a high-volume neurointerventional
practice, the risk of neurologic complications related to
DSA can approach zero.

For about 50 years, angiography has represented the
only imaging method for studying carotid arteries in or-
der to detect the presence of pathological stenosis due to
atherosclerotic plaque™'"™. Conventional angiography was
considered the most accurate technique for the diagnosis
of carotid bifurcation stenosis and remains the standard
against which other methods ate compared.

Carotid endarterectomy (CEA) trials were undertaken
during the 1980s up to the mid-1990s"", and the benefit
of CEA according to the degree of stenosis measured
by angiography was graded. Nowadays, conventional an-
giography, always considered the gold standard imaging
technique, plays a role only when there is no agreement
between different imaging modalities or when endovascu-
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lar treatment (carotid artery stenting) is needed. For these
reasons, non-invasive and less risky carotid imaging tech-
niques have gradually replaced intra-arterial angiography
in the quantification of the degree of carotid stenosis.

STENOSIS DEGREE QUANTIFICATION

Three multi-centric randomized studies, North American
Symptomatic Carotid Endarterectomy Trial (NASCET),
European Carotid Surgery Trial (ECST) and Asympto-
matic Carotid AtheroSclerosis Group (ACAS), provided
cut-off values for stenosis degree indicating the possible
benefits of CEA"™". In particular, for those patients
with symptomatic high-grade stenosis (70%-99%) after
5 years of follow-up, the pooled analysis of these three
trials proved the benefits (70%-99% NASCET stenosis
with a risk reduction of 16%, P < 0.001) of undergoing
endarterectomy.

NASCET, ECST and ACAS proposed that when the
only imaging technique available was DSA, the degree of
stenosis was evaluated as the percentage reduction in the
luminal diameter of the artery. Differences existed in the
evaluation of stenosis degree between NASCET, ECST
and CSI. With the NASCET criteria, the ratio between
the lumen diameter at the stenosis and distal normal lu-
men diameter with no stenosis was calculated. With the
ECST criteria, the ratio between the lumen diameter at
the stenosis and the total carotid diameter (including the
plaque) was calculated, whereas with the CSI-index crite-
ria, the ratio between the lumen diameter at the stenosis
and normal lumen of the proximal common carotid
artery first multiplied by 1.2 was calculated. It was dem-
onstrated by Saba ef a/*” that the NASCET and ECST
methods showed a strong correlation and that inter-
observer and intra-observer agreement values were high
for both NASCET and ECST.

The methodology for carotid stenosis quantification
is widely debated because the NACET, ECTS and CSI-
index are indirect ratio-percent methods. These trials im-
aged carotid arteries using conventional angiography, and
methods of deriving ratio-percent were adopted because
standardized stenosis measurements were not consist-
ent with film (in conventional angiography) and because
when used, digital angiography demonstrated different
degrees of magnification and a lack of millimetre (mm)
calibration.

With the introduction of MDCTA, thanks to its high
spatial resolution (with an isotropic voxel of 0.5 mm),
Bartlett ¢z al”"™ proposed a new direct mm-method in
order to overcome the limitations of the classical per-
cent-methods. It was demonstrated that the simple mm
measurement of stenosis can reliably predict NASCET-
type, ECST-type and CSI-type percent stenosis’

In an editorial by Forsting e/ a/”) published in Stroke
2003, the Editors suggested that, from a clinical point of
view, DSA could be replaced by non-invasive methods for
the quantification of carotid artery stenosis degree. How-
evet, in a meta-analysis published by the Lancet in 20006,
Wardlaw e @/ suggested caution because, even if non-
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Figure 1 Digital Subtraction Angiography (A), CTA (B) and MRA (C-F) of
the right carotid artery of a 74-year-old patient with right transitory isch-
emic attack. The blue arrows indicate the point of maximum stenosis degree.

invasive tests could probably replace DSA for 70%-99%
of stenoses, insufficient data to determine their accuracy
were provided, mostly in the presence of 50%-69% ste-
nosis. These data have been confirmed in a paper recently
published in Radiology by the same research group”,
where the authors stated that “Combinations of non-in-
vasive tests do not improve both sensitivity and specificity
but rather improve one at the expense of another”.

On the basis of these data it is reasonable to assume
that the measurement of carotid stenosis can be ad-
equately performed with non-invasive techniques, bearing
in mind that the diagnostic accuracy of DSA is still unsur-
passed and represents the gold standard. Nevertheless, the
relevance of and interest in imaging tests for carotid artery
occlusive disease remains high. On the basis of data from
randomized clinical trials, we know that accurate diagnosis
of stenosis severity is critical for clinicians to sensibly rec-
ommend patients for subsequent intervention.

K
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THE CAROTID ARTERY VULNERABLE
PLAQUE

In the past few years, the degree of luminal stenosis has
been used as a measure of atherosclerotic disease sever-
ity. Recent studies demonstrated that moderate carotid
artery stenosis may lead to acute cerebral infarction and
subsequent histopathology results showed that plaque
erosion and disruption were common morphologic fea-
tures found in symptomatic lesions indicating that Juminal
narrowing was not the sole predictor of cerebrovascular
events” .,

These studies have enabled the introduction of new
concepts: (1) the degree of carotid stenosis is approxi-
mate to the volume and extension of carotid plaquepo’s“;
and (2) a set of parameters, easily identifiable by CTA,
MRA and US-ECD, ate closely linked to the development
of ischemic symptoms and can significantly increase the
risk of stroke regardless of the degree of stenosis’>>.

At the same time, a greater understanding of the patho-
physiology of cerebrovascular events has been reached
and it is understood that stroke/TIA originating from the
carotid arteries can be determined by the presence of ele-
ments of the plaque’s embolization™, Another important
parameter recently underlined in the literature is plaque
volume. In fact, accumulation of atherosclerotic plaque
in the carotid artery may lead to positive remodelling in
which the artery enlarges to preserve the luminal area. In
addition, a certain amount of atherosclerosis needs to be
present in the carotid bulb before it causes stenosis. Some
researchers have proposed that plaque volume is a better
descriptor of the severity of atherosclerotic disease than
the degree of stenosis””. Another interesting observa-
tion is that plaque composition changes with increasing
plaque volume. According to the AHA criteria, which
describe advanced atherosclerotic lesions in the carotid
artery as containing more lipid and more calcium, an in-
crease in the proportions of lipid and calcification were
found with increasing plaque volume. Obviously, DSA
does not provide information on plaque volume, because
it is a purely “luminal” technique and for this type of
analysis non-invasive techniques such as CTA, MRA or
US are necessary.

CAROTID DIAGNOSTIC FLOW-CHART

The choice of a specific imaging modality to assess the
carotid artery depends on several parameters and de-
pends largely on the clinical indication for imaging and
the skills available in individual centres. Recently, Jaff and
collezl,g_);uesp()J proposed a diagnostic algorithm for the cor-
rect use of imaging modalities according to the different
clinical indication of the patients. In this paper published
in 2008, it was proposed that for patients with a high
likelihood of vascular disease, CTA may represent an ap-
propriate first exam. On the other hand, for the screen-
ing of patients with a lower likelihood of neurovascular

June 28, 2011 | Volume 3 | Issue 6 |
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pathology, US-ECD should be selected. If significant
stenotic disease of the ICA is detected, CTA as well as
MRA (Figure 1) can be used to confirm the diagnosis and
to accurately determine the precise degree of stenosis.
DSA is necessary infrequently and only in cases of severe
multiple vessel disease, for which assessment of flow di-
rection and collateral patterns may be important or when
the image quality of a non-invasive procedure is of lim-
ited value.

CONCLUSION

Gradually, we have evolved from the concept of risk aris-
ing from the degree of stenosis to the concept of vulner-
able plaque””. Tdentification of high risk atherosclerotic
plaque and quantification of biological markers, especially
inflammation, have considerably boosted the prediction
potential of vascular risk. As a result, we can assume that
stenosis may be considered only one among several indi-
rect signs of a plaque showing embolic risk.

In light of these findings, vulnerable plaques should
be identified early, and the role of DSA which is a purely
technical luminal technique should be determined.

DSA should not be regarded as a reference method
in the assessment and risk stratification of the carotid
artery. In fact, the degree of stenosis can be adequately
assessed with non-invasive techniques allowing evaluation
of all structural parameters of the plaque, which cannot
be obtained with angiography.

New trials are now required, in order to incorporate
the potential of new imaging techniques to determine
which patients require treatment, whether medical, surgi-
cal or interventional. Moreover, non-invasive imaging
techniques should help to gain further insight into the
natural history of atherosclerotic carotid plaquesm].
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after duodenal stent migration: An interesting case of a rare com-

Duodenal obstruction is a late complication of pancreatic
carcinomas and occurs in 10%-15% of cases' . Pallia-
tive surgical intervention for unresectable pancreatic ma-
lignancies with a gastrojejunostomy has been associated
with increased morbidity and mortality”. Palliation with
endoscopically or fluoroscopically placed duodenal self-
Abstract expandable metal stents has been shown to be safe and
Duodenal stents are frequently used for palliating cost-effective, and improves quality of life in patients
malignant gastric outlet obstruction. Successful stent  with untesectable pancteatic carcinoma and gasttic outlet
placement relieves obstructive symptoms, is cost effec- obstruction. A meta-analysis comparing endoscopically
tive, and has a relatively low complication rate. Howev- placed enteral stents and gastroenterostomy for malignant
er, enteral stents have the potential of migrating distally gastric outlet obstruction showed that endoscopic stent-
and rarely, even lead to bowel perforation. We present ing is associated with higher clinical success, decreased
a rare case of a duodenal stent placed as a palliative length of stay, shorter time from procedure to oral intake,

measure for gastric outlet obstruction due to unresect- decreased morbidity, and less delayed gastric emptying
able pancreatic cancer that migrated distally after a  compared to the surgical group!”. This procedure is con-
gastrojejunostomy resulting in small bowel perforation. sidered by some as the procedure of choice for malignant
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gastric outlet obstruction!” and has been used increasingly
in the US. Currently, Wallstent® (Boston Scientific, Natick,
MA), an uncovered duodenal stent, is the only stent ap-
proved by the Food and Drug Administration in the US.

for palliation of malignant gastric outlet obstruction®,

CASE REPORT

A 55-year-old female presented with a 2-wk history of
a “viral illness” and a recent onset of painless jaundice
with dark colored urine. Her past medical history was
significant for colon cancer resected 30 years prior. Physi-

cal examination was remarkable only for scleral icterus
and jaundice. Laboratory studies were significant for a
conjugated hyperbilirubinemia. A computed tomogra-
phy (CT) scan revealed a 1.5 cm mass in the head of the
pancreas with biliary and pancreatic ductal dilatation.
Endoscopic retrograde cholangiopancreatogram demon-
strated a 2.5 cm stricture that was stented. Brushings re-
vealed carcinoma. An endoscopic ultrasound, biopsy, and
staging laparoscopy revealed an unresectable pancreatic
carcinoma with encasement of the superior mesenteric
vessels. Fifteen months after the initial presentation, the
patient developed symptomatic gastric outlet obstruction
and underwent endoscopic placement of two 20 mm X
60 mm Wallstent® (Boston Scientific, Natick, MA) stents
across the duodenal narrowing;

With failed resolution of her gastric outlet obstructive
symptoms, a contrast study was obtained which demon-
strated both the biliary stent and the two duodenal stents
to be in proper position (Figure 1). Given the ongoing
symptoms, a loop gastrojejunostomy was performed with-
out incident. However, on postoperative day 5 the patient
developed an acute onset of abdominal pain, acidosis, and
leukocytosis. A CT scan revealed a large amount of free
fluid in the abdomen, a small amount of free ait, and a me-
tallic stent in the distal small bowel (Figure 2). The patient
was taken for an emergency exploratory laparotomy where
one of the metallic stents was found 10 cm proximal to
the ileocecal valve perforating the small bowel. The perfo-
rated segment of small bowel was resected along with the
stent. However, the patient died 3 d later from multisystem
organ failure secondary to overwhelming sepsis.

DISCUSSION

Malignant gastric outlet obstruction is most commonly
seen with pancreatic cancer”. Traditional palliation with
gastroenteric bypass has been shown to be associated
with a significant degree of morbidity and mortality™>",
In recent years, enteral stents placed undetr endoscopic or
fluoroscopic guidance has emerged as an effective, less
morbid alternative to surgical intervention. In the US, the
enteral Wallstent® (Boston Scientific, Natick, MA) has
been approved for duodenal placement for palliation of
gastric outlet obstruction!”. While these stents have many
advantages when compared with gastrojejunostomy,
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Figure 1 Contrast study prior to the gastrojejunostomy reveals a gastric
outlet obstruction with two duodenal stents and a biliary stent in proper
position.

Figure 2 Computed tomography scan reveals a stent in the small bowel
protruding intra-peritoneally with pneumoperitoneum.

. . . .. 911-13] .
including improved oral nutrition™"""”, increased cost-

O14 " and decreased morbidity and hospital
stay, there is no improvement in 30-d mortalitylo]. Despite
these advantages, enteral stents are associated with a 17%
complication rate including migration, duodenal perfo-
ration, biliary enteric fistulas, and reobstruction due to
tumor growth and stent fracture™'"".

Although the incidence of clinically significant stent
migration is rare, they can cause significant morbidity or
mortality when they occur. To our knowledge, there is
only one other known report of a palliative duodenal stent
migrating to the distal small bowel causing perforation.
Reported by Moxey e# al", it occurred 1 mo after a self-
expandable stent was placed for presumed pancreatic carci-
noma, and was thought to have migrated after the patient’s
pancreatic inflammation had resolved. The patient under-
went a surgical small bowel resection but later expired due
to bacterial endocarditis. Other reported stent-related com-
plications described in the literature include stent collapse,
bleeding, large-bowel obstruction”, reobstruction, tumor
overgrowth, jaundice, food impaction, and late duodenal
perforationm. The migration rate of uncovered stents has
been reported to be in the range of 0%-11%"""*" com-
pared to 21%-26% for covered stents™?!L,

effectiveness
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Given that the stents were confirmed to be in the
duodenum prior to the gastrojejunostomy, the migrated
stent found during the second exploration must have
migrated past the gastrojejunostomy anastomosis to
the distal ileum, soon after surgery, leading to the bowel
perforation. We presume that the migrated stent may
have been dislodged, at least partially, from manipula-
tion during the gastrojejunostomy. The time between the
endoscopic placement of the stents and the subsequent
gastrojejunostomy was too short to allow for any stabili-
zation of the stents by tumor in-growth or scarring”.

The enteral Wallstent® has an open mesh and has
been associated with insertion difficulties around acute
angles as well as damage to tissues and endoscopes by
the exposed proximal and distal wires™. Sometimes
more than one stent is necessaty when the first stent is
not deployed into the ideal location. The forward force
generated by the expanding stent may sometimes lead to
undesired forward displacement of the stent, particularly
at the site of strictures”™

In conclusion, we report a rare complication of a
duodenal Wallstent® placed for malignant gastric outlet
obstruction secondary to pancreatic cancer that migrated
to the distal ileum resulting in small bowel perforation.
Although uncommon, it is important to be aware of the
potential risk of duodenal stent migration, particularly
after any manipulation of the stomach or the duodenum
during surgery, and especially if the time between stent
placement and surgery has been short.
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Abstract

Management of patients carrying packets of drugs in
the digestive tract is a frequent medical problem. We

(4 9

;guamaﬁ.,g@ WJR | www.wjgnet.com

report on a patient who was referred by the police af-
ter ingestion of packets of cocaine. After spontaneous
elimination of 81 drug packets, the patient had three
unremarkable stools. A plain abdominal X-ray disclosed
no residual packet but computed tomography (CT) scan
showed one in the stomach. As this was not eliminated
during the 10 d following ingestion, it was removed
through gastrotomy. This case stresses the usefulness
of the CT scan to ensure that no residual packet is
present before hospital discharge.

© 2011 Baishideng. All rights reserved.

Key words: Body-packing; Cocaine; Management; Sur-
gery; Gastroscopy
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INTRODUCTION

Management of patients carrying packets of drugs is
a recurrent medical problem. Usually, patients have no
complications and current recommendations for such pa-

tients advise a conservative approach, waiting for a spon-
taneous packet’s evacuation with the bowel movement. In
case of complications such a packet stuck in the stomach,
a surgical approach seems to be safer than an endoscopic
approach.

Usually plain abdominal X-ray (AXR) is the radiologi-
cal examination used to detect packets in body-packers
and to confirm that all packages have been removed.
However, this exam can sometimes miss a packet and
bear the risk of missing a diagnosis especially if the
packet is stuck and not spontaneously expulsed. Com-
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puted tomography (CT) scan is more sensitive than plain
abdominal radiography to detect residual packets but is
also more expensive, time consuming and delivers more
radiation.

CASE REPORT

A 34-year-old man was referred by the police to the emer-
gency room of our hospital for suspicion of drug body
packing. The patient admitted having swallowed 82
plastic-wrapped cocaine packets. At admission, he was as-
ymptomatic, his medical history was uneventful, and vital
signs and physical exam were normal. Our “body pack”
protocol consists, in asymptomatic patients, of starting
with plain AXR to detect packets. In unclear cases, ad-
ditional abdominal CT scan is done. Neither blood tests
nor urine drug screening are carried out routinely be-
cause they are not of any diagnostic value. Management
consists of a conservative approach, waiting for patients
to evacuate packets, without use of any laxatives'™” be-
cause this use might increase complications by inducing
a rupture or small lesions of the packages. After having
passed three stools without packets we carry out a control
X-ray exam which consists of AXR. CT scan is useful
for control if there is a discrepancy between results of
AXR and the numbers of packets expected to be col-
lected. For detection, current protocols use AXR or CT
scan if needed””. Some propose to screen drugs™, but
there is no consensus with this approach®. For manage-

ment, some authors use laxatives'™™. In line with our
protocol, in this asymptomatic patient neither blood tests
nor urine drug screens were carried out. An AXR showed
multiple X-ray dense oval packets in the abdomen com-
patible with body packing (Figure 1). The patient was
kept under surveillance and he uneventfully excreted 81
packets (multi-layered machine-made plastic containers)
within 4 d. A rapid test confirmed that these packets
contained cocaine. After having passed three stools with-
out packets, the patient had two control X-ray exams: an
AXR (Figure 2) and an abdominal CT scan (Figure 3),
in accordance with our management protocol. CT scan
was performed without oral or intravenous contrast me-
dia, using a sixteen multi-row Philips MX 8000 scanner
(Philips Medical Systems, Best, The Netherlands), with a
reconstruction slice thickness of 5.0 mm, pitch of 1.25,
and 0.5-s gantry rotation period. The X-ray tube potential
was 120 kV, with a tube charge per gantry rotation of
30 mA. The scanned length was 40 cm. The CT disclosed
a single packet localised inside the stomach that was not
visible on the AXR. The patient remained asymptomatic
and a proton pump inhibitor (esomeprazole 40 mg po gd)
was administered to reduce the risk of degradation of the
bag because of the acidity of the stomach. The CT scan
was repeated 3 d later, which again disclosed the contain-
er in the stomach. The promotility drug metoclopramide
(10 mg po #d) was administered to accelerate transpyloric
passage of the packetm. The cocaine container had not
been eliminated after three additional days. A third ab-
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Figure 1 Abdominal X-ray made at patient admission, showing mul-
tiple X-ray dense oval packets in the abdomen compatible with body
packing.

Figure 2 Control abdominal X-ray after passage of three stools without
packets, showing no residual packet.

Figure 3 Control abdominal computed tomography scan showing a single
packet in the stomach that was not visible on the abdominal X-ray.

dominal CT scan was carried out which concluded that

June 28, 2011 | Volume 3 | Issue 6 |



the cocaine packet was still in the stomach. As more than
10 d had elapsed since packet ingestion, the likelthood of
spontaneous elimination was estimated to be low and the
packet was extracted through surgical gastrotomy after a
small median laparotomy. No complication ensued and
the patient was transferred to jail 10 d after surgery.

DISCUSSION

Our protocol concerning the management of body-pack-
ers has been used during the past 30 years and consists of
a conservative approach: we wait for patients to evacuate
packets by normal bowel movements, without use of any
laxatives. In 2009, 29 body packers were treated at the
prison hospital ward. According to current recommenda-
tions"”| no treatment other than surgery was adminis-
tered to the patient. Laxatives were not prescribed to ac-
celerate packets’ elimination because the most frequently
used laxative, paraffin oil, may favor packet rupture
and drug intoxication (mineral oil causes a dectrease in
strength and flexibility of latex within 15 min)*". How-
ever, we acknowledge that the risk of rupture is much
lower with modern, multilayered (type 4), packets similar
to those found in this patient, and that paraffin oil has
been systematically administered in a seties of 573 body-
packers with a low (1%) rupture rate”,

Endoscopic extraction was not attempted as endo-

scopic manipulation of such packets may result in rup-
ture and the cocaine content of a single packet exceeds
the lethal dose. To our knowledge, only three cases of
successful endoscopic extraction of cocaine packets from
the upper digestive tract have been reported, all of these
in patients who had refused surgery"""”. Our patient pro-
vided informed consent prior to surgery.

Usually, AXR is used to detect body-packers. In our
case, CT scan disclosed a remaining packet in the stomach
that was undetected at AXR. The sensitivity of AXR for
packet detection is approximately 85%-90%!"". There is
evidence that an abdominal CT scan is better than AXR to
detect residual packetsm. Management to identify residual
body-packers should balance the diagnostic superiority of
abdominal CT scan, the risks of medical complications if
containers are not detected with AXR, but also the higher
radiation delivery and cost of abdominal CT scan. There
isn’t much literature about methods to detect drug pack-
ets avoiding exposure to radiation such as ultrasound">'
and magnetic resonance imaging . Current protocols
recommend the use of AXR to confirm packet retention
and, in case of doubt, the use of abdominal CT scan with
reduced mAs, delivering a dose of radiation close to that
of an AXR™". Therefore, it is our practice to perform
an AXR after elimination of three packet-free stools, fol-
lowed by a CT scan in cases where suspicion of retained
packets is high despite a negative AXR.

In conclusion, according to our experience, manage-
ment of asymptomatic body-packers should first be con-
servative. In case of complications, such as packet rupture
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or intestinal obstruction, surgery - and not endoscopy -
is the method to use. Although newer package types used
for concealment of drugs inside the abdomen are more
resistant, we think that surgical extraction remains the saf-
est extraction procedure in cases of retention.
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Abstract

Compared to surgery, interventional and hybrid-oper-
ating-room (OR) approaches diagnose or treat pathol-
ogy with the most minimally invasive techniques pos-
sible. By minimizing the physical trauma to the patient,
peripheral or hybrid approaches can reduce infection
rates and recovery time as well as shorten hospital
stays. Minimally invasive approaches therefore are the
trend and often the preferred choice, and may even be
the only option for the patients associated with high
surgery risks. Common interventional imaging modali-
ties include 2-D X-ray fluoroscopy and ultrasound.
However, fluoroscopic images do not display the ana-
tomic structures without a contrast agent, which on
the other hand, needs to be minimized for patients’
safety. Ultrasound images suffer from relatively low im-
age quality and tissue contrast problems. To augment
the doctor’s view of the patient’s anatomy and help
doctors navigate the devices to the targeted area with
more confidence and a higher accuracy, high-resolu-
tion pre-operative volumetric data such as computed
tomography and/or magnetic resonance can be fused
with intra-operative 2-D images during interventions. A
seamless workflow and accurate 2-D/3-D registration
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as well as cardiac and/or respiratory motion compen-
sation are the key components for a successful image
guidance system using a patient-specific 3-D model.
Dr. Liao’s research has been focused on developing
methods and systems of 3-D model guidance for vari-
ous interventions and hybrid-OR applications. Dr. Liao’
s work has led to several Siemens products with high
clinical and/or market impact and a good number of
scientific publications in leading journals/conferences
on medical imaging.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION AND EDUCATIONAL
EXPERIENCE

Dr. Rui Liao is a senior research scientist at Siemens Cot-
porate Research, Princeton, NJ USA. She received a B.Sc
in Electrical Engineering and Automation from Tianjin
University (formerly known as Bei Yang University, the
first university in China) in 1997, with the highest honor.
She obtained her MSc from Nanyang Technological
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University (Singapore) in 2000, and her PhD from Duke
University (USA) in 2004, both in Electrical Engineer-
ing (minor in Biomedical Engineering). Dr. Liao was
then employed as a research scientist and later a senior
research scientist by Siemens Corporate Research, Princ-
eton, NJ, USA. Her research interests are in the broad
area of signal/image processing and biomedical imaging,
with the focus on image-guided interventions and hybrid-
OR applications.

Dr. Liao was interviewed by Siemens Picture of The
Future (PoF) Magazine (http://www.siemens.com/in-
novation/en/publications/pof_fall_2010/demographic_
change/cardio.htm) for her instrumental contribution
to the Aortic ValveGuide technology that won EACTS
Techno-College Innovation Award 2010 and Siemens
Top+ Innovation Award 2010 (http://www.chealthnews.
eu/siemens/2259-siemens-wins-2010-techno-college-
innovation-award). Dr. Liao has co-authored over 60
journal/conference papers and patent applications, and
received the Young Investigator Award on ISBI 2004, and
co-authored the runner-up of Young Scientist Award on
MICCAI 2009. Dx. Liao is currently on the editorial board
of The Open Biomedical Engineering Journal and World
Journal of Radiology, and has consistently been on the
reviewing committee for major journals and conferences
in medical imaging and image processing.

ACADEMIC STRATEGY AND GOALS

Over the last 6 years, Dr. Liao’s research has been fo-
cused on image processing and medical imaging for
image-guided interventions and hybrid-OR applications.
During interventions, patient-specific medical images
are acquired intra-operatively to monitor the procedures,
and to provide road maps that allow the interventional
radiologist to insert the interventional devices »ia small
incisions in the patient and navigate them through the
body to the target area with disease. Minimally invasive
approaches have rapidly gained popularity in recent years.
For example, percutaneous stenting has now largely re-
placed coronary artery bypass grafts (once the gold stan-
dard), and there is a huge movement from open heart
valve surgery toward minimally invasive trans-catheter
heart valve repair. Dr. Liao proposed multiple innovative
2-D/3-D registration and motion compensation tech-
nologies to bring patient-specific 3-D models into the
operating room, including learning-based, spine-based,
curve-based, graph-based, location constraint-based, las-
so-based, motion model-based, and hybrid models. The
proposed methods significantly improved the robustness
and accuracy of 2-D/3-D fusion for various applications,
which in turn provides more accurate anatomical details
and further enhances physicians’ confidence in device
navigation and deployment during interventions. Dr. Liao
has led and/or participated in multiple 2-D/3-D fusion
prototyping projects for X-ray and magnetic resonance
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(MR)-based interventions and hybrid-OR applications,
including trans-catheter aortic valve implantation (TAVI),
abdominal aortic aneurysm (AAA) stenting, electrophysi-
ology radio-frequency catheter ablation (RFCA), and
chronicle total occlusion (CTO) revascularization.

ACADEMIC ACHIEVEMENTS

2-D/3-D fusion and motion compensation for TAVI
Aortic valve disease affects 1.8% of the global popu-
lation and is the most frequent heart valve disease in
Western countries, leading to 60000 surgical aortic valve
replacements every year in Europe and even more in
the United States'. TAVI is a new and breakthrough
minimally invasive surgery. During trans-apical TAVI,
an antegrade access is used where the catheter and the
prosthesis are inserted »iz small incisions in the chest
and the apex of the left ventricle. During trans-femoral
TAVI, the catheter is inserted retrogradely viz the femo-
ral artery and the aortic arch. Both approaches require
X-ray angiographic and fluoroscopic imaging to guide
the procedure.

Prior to implantation it is important to angulate the
C-arm of the interventional X-ray machine with respect
to the patient’ aortic root anatomy. Usually, an appropri-
ate angulation is achieved with iterated C-arm angula-
tions, each followed by an angiogram with approximately
15 mL contrast agent to double-check the aortic root
position. Further angiograms are needed later on for cor-
rect prosthesis positioning and for functional control af-
ter implantation. Recently, we proposed to support TAVI
procedures using 3-D models from interventional C-arm
computed tomography (CT) volume by overlaying the
3-D aortic model onto fluoroscopy to provide anatomical
details and more automatic and accurate C-arm angula-
tion for optimal valve deployment[z].

A hybrid 2-D/3-D registration method to align the
3-D model and 2-D angiography for TAVI procedures
was proposed in” (Figure 1). The proposed hybrid meth-
od incorporates the segmentation and landmark informa-
tion of the 3-D aortic root into intensity-based registra-
tion for highly accurate and robust 2-D/3-D alignment
of the aorta. Both the 3-D volume and the 2-D images
are captured with contrast injection showing the patient’
s aortic root. 2-D angiographic images are first pre-pro-
cessed to remove the background and/or devices such as
the catheter and TEE probe. 3-D aorta segmentation and
coronary ostia landmark detection is performed on the
3-D C-arm CT volume using the learning-based method
presented in¥. Aorta segmentation is then used to pro-
duce clean digitally reconstructed radiographs (DRRs)
that show only the aorta and excludes all the peripheral
structures such as the spine. Landmarks representing the
left and right coronary ostia are further utilized in an inte-
grated fashion with the intensity-based method. A multi-
layer and multi-resolution optimization strategy is finally
deployed to find the optimal registration.
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Figure 1 Registration of 3-D volume and 2-D angiography of a patient’s aorta®. A: The original 3-D volume; B: Aorta segmentation and coronary ostia landmark

detection; C: Aortic angiography; D: Overlay of aortic angiography with the contour of the 3-D model after registration.

Figure 2 Spine-based 2-D/3-D registration examples for electrophysiology™. A: Spine-enhanced fluoroscopy with the edge contours depicted; B: Digitally
reconstructed radiographs (DRRs) before registration overlaid with the edge contours from fluoroscopy; C: DRRs after registration overlaid with the edge contours
from fluoroscopy; D: 2-D/3-D overlay used for electrophysiology procedures. The 3-D mesh model is generated from the segmentation of the left atrium and pulmo-
nary veins, and is overlaid with fluoroscopy by the proposed spine-based 2-D/3-D registration technique.

Our system needs to be set up in the complex en- day’s electrophysiology (EP) labs, especially if drug treat-
vironment of a hybrid operating room and used by a ment has become ineffective. In order to guide the pro-
physician during a highly complicated hybrid-OR appli- cess of finding the site of origin where the excess firing
cation that involves a large number of staff, equipment of cells occur, 2-D X-ray fluoroscopy has been routinely
and steps. Therefore, it is crucial for the acceptance of used to provide real-time monitoring of EP procedures.
such a system to be fast, to minimize the user interac- Unfortunately X-ray projection images cannot distinguish
tion and to allow table-side control. Fast and automatic soft tissue well. To address this issue, fused visualization
contrast detection in the aortic root on X-ray images combining pre-operative high-resolution 3-D atrial CT
facilitates a seamless workflow to utilize the 3-D models and/or MR volumes with the fluoroscopic images has
by triggering 2-D/3-D registration automatically when been developed (fluoro overlay image guidance) .
motion compensation is needed. In", we proposed a Registration between 3-D volumes and 2-D fluoro-
novel method for automatic detection of contrast injec- scopic images for EP is a challenging task due to the fact
tion in the aortic root on fluoroscopic and angiographic that there are few discernable features in a typical EP flu-
sequences. The proposed method is based on histogram oroscopic image. Rhode ¢z a/” proposed to use multimo-
analysis and likelihood ratio test, and is robust to varia- dality fiducial skin markers to register MR volumes with
tions in the background, the density and volume of the X-ray images. This method, however, requires specialized
injected contrast, and the size of the aorta. The perfor- markers as well as a specialized workflow to guarantee
mance of the proposed algorithm was evaluated on 26 that the markers are applied at the same position be-
sequences from 5 patients and 3 clinical sites, with 16 tween the pre- and intra-operative data. We further pro-
out of 17 contrast injections correctly detected and zero posed to utilize the coronary sinus (CS) and the catheter
false detections. placed inside the CS as a location constraint to perform

2-D/3-D registration”. This method is not applicable
2-D/3-D Fusion and motion compensation for RFCA when a CS catheter is not used during the procedure. In"”

Atrial fibrillation (AFIB) is a leading cause of stroke and we designed an accurate and workflow-friendly spine-
one of the most common heart thythm disorders. RFCA based 2-D/3-D registration technique to align C-Arm
has become an accepted option for treating AFIB in to- CT volume and fluoroscopic images to compensate for
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patient movement in EP (Figure 2). The spine is a natural
landmark with rich geometric variations that can be used
for accurate registration. The proposed method can be
applied when C-Arm CT volume is available for bringing
the pre-operative CT/MR volume into alignment with
the patient iz 3-D/3-D registration, or when C-Arm CT
is used in place of CT/MR for interventional guidance.
To our knowledge, this is the first fully-automatic inten-
sity-based 2-D/3-D registration method that is designed
and tested for EP, without the requirement for contrast
agent injection.

Static ovetlay techniques do not follow the heart while
it beats and moves through the breathing cycle. This ef-
fect may impair the utility of fluoroscopic overlays for
catheter navigation. By synchronizing the fluoroscopic
images with an electrocardiogram (ECG), cardiac mo-
tion can be eliminated, and respiratory motion can be
isolated for the fused visualization. While it has been
widely recognized that motion compensation is crucial
for fluoroscopic ovetlays, image-based 3-D motion-com-
pensation methods designed for EP applications are very
challenging because there are few discernible features in
EP fluoroscopic images. Motion compensated navigation
for coronary intervention using magnetic tracking was
suggested in" but it requires special catheters equipped
with an electromagnetic sensor at increased cost. Only
vertical motion in the imaging plane was compensated
in"" and"” for liver embolization and hepatic artery
catheterization, respectively. In general, though, this is
not sufficient for EP breathing motion compensation
because the left atrium undergoes three dimensional mo-
tions during respiration, as shown in".

In"*"" we described an image-based method to detect
and compensate respiratory motion in 3-D for EP proce-
dures using a biplane C-arm fluoroscopy device (Figure 3).
Such an X-ray system has two imaging planes commonly
referred to as A-plane and B-plane, respectively. To pet-
form motion estimation, we track a commonly available
EP catheter, the ring-shaped lasso catheter. Since this
device is often used for pulmonary vein (PV) ablations,
there is no need for additional instruments or fiducial
markers. In addition, the lasso catheter is a unique shape
and is one of the most prominent structures shown in
EP fluoroscopy, representing a good feature for robust
tracking. During isolation of the four PVs during AFIB
ablation, the lasso catheter is typically fixed at the ostium
of the PV that is to be ablated. By tracking the lasso cath-
eter, we can obtain a motion estimate right at the ablation
site. The motion estimation takes place directly in 3-D
and not in 2-D. Once an estimate of the 3-D motion is
available, we can apply it to the static fluoroscopic overlay
to generate an animated representation. To the best of
our knowledge, this is the first image-based method that
is specifically designed for the challenging task of 3-D
breathing motion compensation duting EP applications.
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A biplane system is less common than a monoplane
system due to its much higher cost, and involves in-
creased radiation for both the patient and the clinician™.
In""! we further investigated the feasibility of tracking
in the monoplane fluoroscopy the circumferential lasso
catheter using a B-spline-based method. The track-
ing results are then used for the estimation of the 3-D
breathing motion trajectory and for subsequent motion
compensation in a monoplane setup. The performance
of the proposed tracking algorithm was evaluated on 340
monoplane frames with an average error of 0.68 £ 0.36
mm. Our contributions to this work are two-fold. First
and foremost, we showed how to design an effective,
practical, and workflow-friendly 3-D motion compensa-
tion scheme for EP procedures in a monoplane setup. In
addition, we developed an efficient and accurate method
for model-based tracking of the circumferential lasso
catheter in low-dose EP fluoroscopy.

2-D/3-D fusion and motion compensation for CTO
revascularization

Percutaneous coronary intervention (PCI) of coronary
arteries is a common procedure in cardiology intended
to provide functional revascularization of stenosed (nat-
rowed) or occluded coronary vessels"™. Although PCI
is commonly performed on patients diagnosed with
coronary diseases, many cases remain highly challeng-
ing due to the complex 3-D topology of the coronary
arteries (e.g. tortuous vessels) and their limited visibility
due to stenosed and/or heavily calcified vessels on X-ray
fluoroscopy. Hence, navigation in the coronary pathways
can be very difficult, since the vessel’s depth is mentally
estimated by the cardiologist from a monoplane 2-D im-
age. Biplane fluoroscopic systems are actually proposed
to overcome vessel foreshortening and to provide ac-
curate navigation guidance, but their availability in today’
s clinical setting and the additional radiation exposure
for the patient are two major inconveniences. A third
inconvenience during PCI is that contrast agent injection
has to be used to highlight the targeted vessel. Ideally,
this should be minimized during the overall procedure
and used only at key steps of the intervention. Conse-
quently, guidance during PCI relies extensively on the
cardiologist’s experience to advance a guide wire with-
out perforating the boundary of the vessel wall, using a
monoplane fluoroscopic view.

Preoperative soft tissue imaging is evolving rapidly
and becoming mote accepted prior to PCI, to provide
insights about the vessel 3-D morphology. Multi-slice
computed tomography (MSCT) is proposed to delineate
in 3-D the vessel centetline, vessel wall and most impot-
tantly, the MSCT volumetric intensities corresponding
to plaque or calcification. An intra-operative overlay of
this information onto fluoroscopy could provide valuable
guidance cues to cardiologists currently unavailable on
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Figure 4 Curve-based 2-D/3-D registration for chronicle total occlusion revascularization™. A: Curves of the LCx (green) and LAD (red) identified on fluoro-
scopic images (in bold) using a semi-automatic tool based on the vesselness measure, fast marching, and B-Spline fitting. The 2-D projection of the corresponding
curve segments from the 3-D multi-slice computed tomography (MSCT) is shown with an offset (in dashed). The image frame used for registration is selected to match
the acquisition cardiac phase of the MSCT volume, expressed by a percentage of the R-R interval from the electrocardiogram; B, C: The distance transform image
obtained from the curve identified on the LCx and the LAD; D: Registration results obtained by selecting the LCx and LAD. The mesh model of the segmented MSCT

is overlaid on top of the fluoroscopic image after registration.

fluoroscopic images.

Two categoties of 2-D/3-D registration techniques
were proposed for coronary registration: landmark-based
and intensity-based registration. Intensity-based registra-
tion was previously proposed to align a full coronary
artery tree from a biplane system to fuse CT or MR to
angiogramsm]. This method can be computationally ex-
pensive and more importantly lack the flexibility to target
specific structures to align. Landmarks can be introduced
to focus the registration process on a specific anatomical
structure, but are subject to the number, spatial location
and proper identification of landmarks. For instance, bi-
furcation points of the coronary artery tree are generally
used for that purpose™”, but are not always visible due to
vessel foreshortening.

In”"] we proposed a novel registration workflow
involving specific coronary artery branches to align
MSCT acquisition with X-ray fluoroscopy (Figure 4).
Since coronary vessels are long, continuous and elon-
gated structures, a curve-based technique is appealing
for geometric representation of coronary vessels and has
been previously proposed for coronary 3-D reconstruc-
tion””, Tn addition, our proposed method incorporates
automatic ECG gating for cardiac motion compensation,
and respiratory motion is further compensated by rigid
body registration of the vessels. The coronary vessels are
first segmented from a MSCT volume and corresponding
vessel segments are identified on a single gated 2-D fluo-
roscopic frame. Registration can be explicitly constrained
using one or multiple branches of a contrast-enhanced
vessel tree or the outline of the guide wire used to navi-
gate during the procedure. Finally, the alignhment problem
is solved by the Iterative Closest Point algorithm. To be
computationally efficient, a distance transform is com-
puted from the 2-D identification of each vessel such
that distance is zero on the centerline of the vessel and
increases away from the centetline.

In™, we further proposed and validated 2 PCA-based
respiratory motion model for more robust and efficient
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breathing motion compensation during CTO revascular-
1zation. In a preparatory training phase, a preoperative 3-D
segmentation of the coronary arteries is automatically
registered with a cardiac gated biplane cineangiogram,
and then used to build a respiratory motion model. This
motion model is subsequently used as a prior within the
intra-operative registration process for motion compen-
sation to testrict the search space. Our hypothesis is that
the use of this model-constrained registration increases
the robustness and registration accuracy, especially for
weak data constraints such as low signal-to-noise ratio,
the lack of contrast information, or an intra-operative
monoplane setting. This allows for reducing radiation
exposure without compromising on registration accuracy.
Experimentally, we were able to significantly accelerate
the intra-operative registration with a 3-D error of less
than 2 mm for both monoplane images and intra-proce-
dure settings with missing contrast information based on
2-D guide wire tracking, which makes it feasible for mo-
tion correction in clinical procedures.

3-D reconstruction of the coronary artery tree from a
rotational X-ray angiography
The gold standard for diagnosis of cardiovascular disease
is X-ray coronary angiography, which gives 2-D projec-
tion images of the complex coronary artery tree. There-
fore, a significant amount of 3-D information of the
underlying coronary arteries is lost by the 2-D projection
simplification. Traditionally, several angiographic views
are taken from different angles and then are selected sub-
jectively based on the cardiologist’s experience, to mini-
mize foreshortening and vessel overlap. However, this is
associated with a high intra-observer variability and in-
creased radiation/contrast injection. Green e# al™ found
that vessel shortening was markedly greater in expert-
recommended views than in computer-generated views.
3-D symbolic reconstruction of coronary arteries
from angiographic images was investigated using two
projectionslzs’%], cither from a fixed biplane system, or
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HOCTC

Figure 5 Two examples of 3-D reconstruction of the coronary artery tree from an X-ray rotational angiography viewed at different angles®.

Figure 6 Graph-based deformable 2-D/3-D registration for abdominal aortic aneurysm stenting™”. A: An example of patient computed tomography data, with
abdominal aortic aneurysm segmented and shown in mesh; B: The 3-D graph and the ground truth with synthesized deformation for patient one; C: Registration re-
sults of (B); D: The 3-D graph and the ground truth with natural deformation for patient two; E: Registration result of (D).

from different projections on a monoplane C-Arm. How-
ever, 3-D reconstruction of the complex 3-D topology
of coronary vessels using only two 2-D projections is of-
ten not sufficient to obtain a precise reconstruction. The
extracted 2-D vessel centetlines may not be complete or
accurate due to the flow of the dye, low image contrast,
or superposition of vessels in a certain view. In addition,
whereas typically it is preferred to have two projections
orthogonal to each other, this angular distance may not
be achievable in a clinical setup when foreshortening and
vessel overlap need to be minimized for the whole coro-
nary artery tree in both projections. Another limitation is
that corresponding vessels between the two views can be
established typically only through user interaction.
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The goal of our papersm’zsj is to describe an effi-

cient and robust method for 3-D model generation of
the coronary artery tree using all the projections of a
rotational X-ray sequence that correspond to the same
cardiac phase (Figure 5). A rotational X-ray sequence is
acquited by rotating the C-arm with a constant source to
intensifier distance, a constant cranio/caudal angle, and
a varying left/right anterior oblique angle. Depending
on the rotation speed and the heart rate of the patient, a
rotational X-ray sequence may cover 5 to 8 cardiac cycles.
2-D coronary artery centerlines are extracted automatical-
ly from X-ray projection images using an enhanced multi-
scale analysis. For difficult data with low vessel contrast, a
semi-automatic tool based on a fast marching method is
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Figure 7 Learning-based 2-D/3-D registration

implemented to allow manual correction of automatical-
ly-extracted 2-D centerlines. We then formulated the 3-D
symbolic reconstruction of coronary arteries from multi-
ple views as an energy minimization problem incorporat-
ing a soft epipolar line constraint and a smoothness term
evaluated in 3-D. The proposed formulation results in the
robustness of the reconstruction to the imperfectness
in 2-D centetline extraction, as well as the reconstructed
coronary artery tree being inherently smooth in 3-D. We
further proposed to solve the energy minimization prob-
lem using o-expansion moves of Graph Cuts™ 2 power-
ful optimization technique that yields a local minimum in
a strong sense at a relatively low computational complex-
ity.

We showed experimental results on a synthetic coro-
nary phantom, a porcine data set and 11 patient data
sets. For the coronary phantom, results obtained using a
different number of views were presented. 3-D recon-
struction error evaluated by the mean plus one standard
deviation is below one millimeter when 4 or more views
are used. For real data, reconstruction using 4 to 5 views
and 256 depth labels averaged around 12 s on a computer
with 2.13 GHz Intel Pentium M and achieved a mean 2-D
back-projection error of 1.18 mm (ranging from 0.84 to
1.71 mm) in 12 cases. With significant improvements in
efficiency, our method is promising in terms of clinical
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. DRR: Digitally reconstructed radiograph.

usability. The most straightforward application of our
method in a clinical setup would be to provide the recon-
structed 3-D coronary model to the interventional cardi-
ologists at the beginning of the PCI procedures. The 3-D
model visualization will help clinicians to choose optimal
angiographic views to minimize vessel foreshortening,
select proper stent type and size, and properly plan the
stent placement 3-D locations.

Advanced 2-D/3-D registration: Deformable and learning-
based

AAA is the local expansion of the abdominal aorta.
There is a risk of rupture of the aneurysm if the expan-
sion becomes large enough, and the chance of post-
rupture survival for such patients is low. AAA is currently
ranked as the 13th leading cause of death in the US. In
recent years, minimal-invasive interventional repairs are
rapidly emerging as an alternative to open surgeries for
the treatment of AAA, especially for patients at increased
surgical risk due to age or other medical conditions. Due
to the deformable nature of the abdominal organs, there
typically exist elastic deformations between pre-operative
volumes and intra-operative X-ray images. The insertion
of the medical devices into the artery during AAA pro-
cedures can further introduce significant deformations
to the target vessel that needs to be aligned. Therefore, a
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rigid-body 2-D/3-D registration scheme is typically not
sufficient for AAA stenting applications, and an advanced
deformable 2-D/3-D registration method needs to be
developed here.

In"") we proposed to formulate the deformable
2-D/3-D registration problem on a 3-D graph, and
further provided an efficient numerical solution to the
graph-based formulation (Figure 6). In particular, a 3-D
graph is generated from the abdominal aorta segmented
from the pre-operative MSCT data, and a 2-D distance
map is generated from each of the 2-D X-ray images
used for registration. A distance map is a smooth shape
encoding of the underlying structures, and by utilizing
a distance map, explicit establishment of corresponding
points between 2-D and 3-D graphs can be avoided dut-
ing the optimization. This reduces the optimization space
to a much lower dimension. In addition, smoothness
calculation is defined on the 3-D graph, the derivative of
which can be calculated efficiently using the well-known
Laplacian matrix of a graph.

Specific to the anatomy of the abdominal aorta, a
hierarchical registration scheme was further deployed.
In particular, the 3-D graph is divided into three seg-
ments, renal arteries, iliac arteries, and abdominal aorta.
A piecewise rigid-body transformation is first applied
individually to the three segments while their connectiv-
ity is maintained. Local deformation is then estimated for
the complete graph comprising all three segments. We
further compared the registration accuracy achieved by
using one and two views. We showed that even with the
incorporation of a length-preserving term, a single pro-
jection image alone can only produce accurate registra-
tion in the imaging plane, while two views ate required in
order to achieve accurate registration in 3-D. The method
was validated using both phantom and clinical datasets,
and achieved an average error of < 1 mm within 0.1 s.
The extremely high efficiency further opens the door to
many potential applications. For example, the weight for
each term in the energy functional is data-dependent.
Our runtime of 0.1 s makes it feasible to obtain the op-
timal combination of weights interactively for a given
dataset, even during interventions. The proposed method
is of general form and has the potential to be applied in a
wide range of applications requiring efficient deformable
2-D/3-D registration of vascular structures.

In recent years, learning-based methods have been
suggested for general medical registration to impose prior
knowledge to achieve more robust and reliable registra-

on"". Learning-based methods were further extended
to 2-D non-rigid image registration in® where the Kull-
back-Leibler divergence (KLD) wir.t., a prior joint distri-
bution, was minimized together with the maximization
of the mutual information measure.

In™, we proposed a Jensen-Shannon divergence (JSD)-
based method for learning-based 2-D/3-D registration
(Figure 7). Unlike KLD, JSD is symmetric, bounded, and
a true metric, which has triggered its popularity in vatious
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applications in recent years, ranging from statistical lan-
guage analysis, image edge detection and segmentation, to
DNA sequence analysis. Therefore, JSD provides a more
suitable measure than KILD in quantifying histogram
discrepancy because some histogram bins may vanish for
the training data but not for the observed data or vice versa,
in which case KLD is undefined. Furthermore, JSD is
upper-bounded and symmetric, facilitating its easy use as
one of the factors in the driving force for registration.

Other advantages of our method include: (1) De-
pending on how well the @ priori represents the observed
data, the registration process is driven by a compounding
effect of the statistical consistency of the observed joint
histogram to the learned prior, and the statistical depen-
dence between the individual intensity distributions of
the images being registered; (2) There is no requirement
on image segmentation and labeling, whose error can
lead to further errors in subsequent registration. Instead,
automatic nonlinear histogram mapping is done itera-
tively during the matching process to handle the intensity
discrepancy between the observed data and the training
data; and (3) An intensity-based histogram is used, which
is supposed to result in a higher registration accuracy
than the case where a class-based histogram was used in
the argument of a higher computational efficiency in the
generation of DRRs. Instead we deployed highly efficient
GPU-based DRR generation for a speed-up. Experimen-
tal results demonstrated that a combination of the prior
knowledge and the low-level similarity measure between
the images being registered led to a more robust and ac-
curate registration in comparison with the cases where
cither of the two factors was used alone as the driving
force for registration.
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could contribute their wisdom to edit and publish high-quality ar-
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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. I7JR 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.
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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-
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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
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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 #test (group or paired comparisons), chi-squared
test, Ridit, probit, logit, regression (lineat, curvilinear, or stepwise),
correlation, analysis of variance, analysis of covariance, e The te-
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 (7). 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 wotk. 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
Manusctipts Submitted to Biomedical Journals: Ethical Considerations
in the Conduct and Reporting of Research: Conflicts of Interest” from
International Committee of Medical Journal Editors ICMJE), which is
available at: http:/ /wwwicmje.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 shates in [name of
organization|. [Name of individual| owns patent [patent identification
and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee or it
should be stated clearly in the text that all persons gave their informed
consent ptior 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 Wotld 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 Wotld Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee ot institutional teview boatd.
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 pet-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

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

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

Online submissions

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

MANUSCRIPT PREPARATION

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

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

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

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

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

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

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

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

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

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

Abstract

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

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

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

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

Illustrations

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

Tables

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

Notes in tables and illustrations

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

Acknowledgments

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

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

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

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

Style for journal references

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

Style for book references

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

Format

Journals

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

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

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

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

In press

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

Organization as author

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

Both personal authors and an organization as anthor

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

No anthor given

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

Volume with supplement

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

Issue with no volume

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

Books

Personal anthor(s)

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

Chapter in a book (list all anthors)

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

Author(s) and editor(s)

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

Conference proceedings

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

Conference paper

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

Electronic journal (list all authors)

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

Patent (list all authors)

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

Statistical data

Write as mean = SD or mean * SE.

Statistical expression

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

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

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

Abbreviations

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

June 28, 2011 | Volume 3 | Issue 6 |



Italics

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

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

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

Biology: H. pylori, E coli ete.

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

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

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

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

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

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

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

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

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

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

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

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

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

SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Please revise your article according to the revision policies of WJR.
The revised version including manuscript and high-resolution im-
age figures (if any) should be re-submitted or uploaded online. The
author should send copyright transfer letter, and responses to the
reviewers and science news to us zia email.
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Ocean International Center, No. 62 Dongsihuan Zhonglu,
Chaoyang District, Beijing 100025, China

E-mail: wjir@wjgnet.com

http:/ /www.wignet.com

Telephone: +86-10-8538-1892

Fax: +86-10-8538-1893

Language evaluation

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

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

Responses to reviewers

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

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

Links to documents related to the manuscript

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

Science news releases

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

Publication fee

WJR is an international, peer-reviewed, Open-Access, online jour-
nal. Articles published by this journal are distributed under the
terms of the Creative Commons Attribution Non-commercial
License, which permits use, distribution, and reproduction in any
medium, provided the original work is properly cited, the use is
non commercial and is otherwise in compliance with the license.
Authors of accepted articles must pay a publication fee. The relat-
ed standards are as follows. Publication fee: 1300 USD per article;
Reprints fee: 350 USD per 100 reprints, including postage cost.
Editorial, topic highlights, book reviews and letters to the editor
are published free of charge.
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