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INTRODUCTION
The small bowel (SB) has been a challenging organ for
clinical and radiological evaluation. Crohn’s disease (CD)
is the most common SB disease. Detection of disease
and its extent are the two clinically important questions.
Moreover, there is increasing interest in determining the
degree of inflammatory activity of the disease. For symptomatic patients, it is also important to determine whether
the symptoms are functional or due to active inflammatory activity vs fibrotic stenosis. In recent years, magnetic
resonance imaging (MRI) has emerged as a promising
technique in patients with CD. In this article, we are going
to review the role of MRI in the diagnosis of CD.

Abstract
Crohn’s disease (CD) is a chronic autoimmune disorder
that affects mainly young people. The clinical management is based on the Crohn’s Disease Activity Index
and especially on biologic parameters with or without
additional endoscopic and imaging procedures, such
as barium and computed tomography examinations.
Recently, magnetic resonance (MR) imaging has been
a promising diagnostic radiologic technique with lack
of ionizing radiation, enabling superior tissue contrast
resolution due to new pulse-sequence developments.
Therefore, MR enterography has the potential to become the modality of choice for imaging the small
bowel in CD patients.

CROHN’S DISEASE
CD is a chronic, transmural inflammatory disorder of the
entire gastrointestinal tract. It is the most common SB
disease in United States and Europe (3.1 to 14.6/100 000
in North America and 0.7 to 9.8/100 000 in Europe)[1].
The etiology of CD is unknown. It has been proposed
that the condition is immune-mediated, with an abnormal
mucosal response to unknown luminal antigens[2]. It commonly involves the SB, in particular the terminal ileum.
The initial lesion starts as a focal inflammatory infiltrate
in mucosa and submucosa leading to hyperemia and edema. As the disease progresses, superficial ulcers develop.
In severe cases, transmural inflammation and even serosal
involvement is present. In long-standing cases, chronic

© 2010 Baishideng. All rights reserved.

Key words: Crohn’s disease; Magnetic resonance enterography; Advantages; Pulse sequences; Advanced
techniques
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obstruction due to scarring, luminal narrowing, and stricture formation may arise. Extramural manifestations are
fistulae, abscesses, adhesions, creeping fat, malabsorption
and enlargement of lymph nodes.

jejunum are often missed. Moreover, the rectum and distal sigmoid cannot be visualized accurately. As the spatial
resolution is insufficient to detect superficial pathology,
it is less suitable for early diagnosis. Doppler US is useful
only to assess whether the disease is in active phase or
remission, however, it cannot give information about the
severity of active disease[15]. In a recent study, evaluating
the role of US and MRI to assess extension and inflammatory activity of CD, Martínez et al[16] reported that
both US and MRI are sensitive to localize the affected
bowel segments and to detect transmural complications.
They found a significant correlation between color Doppler flow and bowel wall enhancement on MRI.
CT is not as sensitive as barium studies in detecting
mucosal lesions but it is valuable in demonstrating intramural and extraluminal findings. CT enterography (CTE)
is a fast, noninvasive technique that uses thin sections
and large volumes of enteric contrast material to better
delineate the wall and lumen of the SB[17,18]. The use of
neutral enteric contrast agents, such as water, combined
with intravenous (IV) contrast material allows excellent
visualization of hypervascular lesions and hyperenhancing segments[7,8,19]. However, due to repetitive use for
follow-up in young CD patients, its role is limited by
the amount of ionizing radiation. CTE is less suitable
for detecting mild disease, as superficial lesions are not
accurately visualized[9]. Extramural complications are
well demonstrated on CTE[20] but exposure to ionizing
radiation with repeated tests in a relatively young patient
population is a matter of concern. MRI has been introduced as an alternative method to detect CD, and it can
be performed as either MRE or enteroclysis[21-23]. MRE
has been shown to be useful to detect active ileitis, to
assess disease activity and to identify extraenteric complications[21,23,24]. In a recent series, which systematically
reviewed the evidence on the accuracy of MRI for grading CD activity, MRI was found to correctly grade 91%
of patients with frank disease, 62% of patients with mild
disease and 62% of patients in remission. Thus, it was
concluded that MRI correctly graded disease activity in a
large proportion of patients with frank disease[25].

DIAGNOSTIC MODALITIES
More than 70% of CD patients develop disease in the
SB. Since endoscopic techniques are often limited to
more proximal segments of the SB, either enteroclysis or
SB follow-through (SBFT) has been the gold standard for
the diagnosis of CD[3,4]. SB enteroclysis has been shown
to be more reliable when compared to SBFT in demonstrating early mucosal changes[5,6]. It has been claimed that
SBFT is inaccurate in detecting active CD of the SB[7-9].
Both methods give limited and indirect information about
the bowel wall and extraluminal extension of disease
and their diagnostic accuracy is dependent on examiner
experience. Additionally, these techniques require an extensive bowel preparation, and their indication is limited
in young patients due to the amount of ionizing radiation
exposure. Newer techniques, such as video capsule endoscopy (VCE), push endoscopy and double-balloon endoscopy (DBE), have been developed to compensate for
the above-mentioned disadvantages. VCE demonstrates
the mucosal surface of the SB wall. However, tissue
sampling and therapeutic interventions are not possible
and it is contraindicated in patients with obstruction. In
a recent study comparing VCE and magnetic resonance
enterography (MRE), it has been claimed that VCE can
depict and characterize subtle mucosal lesions missed at
MRE, whereas MRE gives additional information about
mural, perienteric and extraenteric involvement[10]. DBE
provides visualization of the entire SB and endoscopic
therapy and, moreover, it allows obtaining tissue sample
for analysis[11]. Ileocolonoscopy has been a most valuable
tool for diagnosis and follow-up of CD in the colon and
terminal ileum, but inspection of the terminal ileum fails
in up to 27.8% of examinations[12].

CROSS-SECTIONAL IMAGING
MODALITIES

ADVANTAGES OF MRE

Transmural and extramural extent of disease cannot be
visualized with SB barium examinations (enteroclysis or
SBFT), VCE, DBE or ileocolonoscopy. Recent advances
in computer technology have furthered the usefulness of
cross-sectional imaging, leading to improved spatial and
temporal resolution to obtain high-resolution imaging.
Ultrasonography, computed tomography (CT) and
MRI are the three techniques often used in abdominal
examination. While CT is the modality of choice in the
USA, in Europe MRI and US are preferred[11]. US is
mostly performed without using enteric contrast medium. However, there are some studies reporting a higher
sensitivity following the enteric contrast medium administration[13,14]. Although US can be used to assess both
small and large bowel, diseases of the duodenum and

WJR|www.wjgnet.com

MRE is currently used as an alternative modality to CTE
due to its potential advantages. Lack of ionizing radiation is an important feature of MRE. MRE has improved
soft tissue contrast, which is important for detecting
subtle pathologic areas. It is particularly helpful for detection, staging and follow-up of perianal fistulae. MRE
also enables static and dynamic studies that provide realtime and functional imaging. By using multiphase imaging techniques, bowel peristalsis and distensibility can be
evaluated. MRE helps to determine the cause of bowel
narrowings, i.e. whether they are due to contractions or
to fixed strictures. Due to the safety profile of gadolinium contrast agents, the technique may be preferred in
patients who are allergic to iodine contrast medium.
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content of the solutions, they will also be seen as hyperintense on T2W images. Wall thickening is well delineated
on T1W images but, due to the increased intensity of
the bowel lumen, they may hinder evaluation of inflammatory enhancement or intraluminal lesions. Negative
contrast agents reduce intraluminal signal (hypointense
on both T1W and T2W images). They include superparamagnetic particles such as perfluorooctyl bromide, iron
oxides and oral magnetic particles[31,34-36]. Barium sulfate
can also be used as a negative contrast agent, when administered at high concentrations. These agents induce
local dishomogeneity in the magnetic field affecting both
T1 and T2 relaxation time. They are helpful in the detection of bowel wall thickening on T1W images and, due to
their decreased signal intensity, bowel wall enhancement
will be more remarkable on T1W images. These agents
are preferred for the visualization of inflamed bowel wall
and surrounding fat on T2W images. In fact, since the
bowel lumen will be seen as hypointense, the hyperintense inflammation will be more conspicuous. Biphasic
contrast agents demonstrate different signal intensities on
different sequences[37,38]. Water, hyperosmolar (mannitolbased solutions) and iso-osmolar watery solutions and
barium sulfate are seen as low intensity signal on T1W
and high intensity signal on T2W images[31]. Following IV
contrast administration, the low signal intensity on T1W
images provide a better resolution between bowel lumen
and hyperenhancing wall inflammation or masses. Water
is readily available, better accepted by the patients and
cheap, but it is rapidly absorbed from distal bowel. Therefore, adequate distension may not be obtained. Potential
limitations of these agents are gas formation and osmotic
effects. For this reason, nonosmotic agents such as methylcellulose, polyethylene glycol and locust bean gum have
also been used[37,39,40]. Manganese and gadolinium chelates
are also biphasic agents seen as low intensity signal on
T2W and high intensity signal on T1W images when
they are administered at high concentrations[31,33]. In a
recent study, alternative oral contrast agents, such as rose
hip syrup, black current extract, iron-deferoxamine and
cocoa, were investigated as oral contrast agents for MRI.
Cocoa, with its differing relaxation and signal enhancement, provided good contrast between lumen and water,
and between fat and gadolinium enhancement, and it was
found to be a promising oral contrast agent[41]. Currently,
there is no universal consensus on an optimal oral contrast agent or ingestion protocol and none of them can
be considered ideal. After the appropriate administration
of oral contrast, the patient should be placed on the MRI
table. The preferred scanning position is prone, in order
to separate bowel loops and to enable maximal bowel
coverage in coronal planes[42,43]. However, for comfort
reasons, MRI is usually performed in the supine position.
An antispasmodic agent is given immediately before the
examination, either by intramuscular or IV route. Gadolinium is infused IV as soon as noncontrast enhanced
sequences are completed. It has been shown that IV contrast contributes to the delineation of active inflammation
in CD[44]. There have also been various series evaluating
the role of rectal contrast administration in assessing the

FACTORS ASSOCIATED WITH
EXPOSURE TO DIAGNOSTIC RADIATION
Mean cumulative exposure dose (CED) to significant
levels of ionizing radiation is of particular concern in
patients with CD, as the disease presents in adolescence
and has a life-long duration. The United States National
Research Council estimates that for every 1000 patients
undergoing a 10 mSv CT examination of the abdomen,
one patient will develop a radiation-induced cancer in
their lifetime[26]. In a population-based cohort, CTE was
shown to deliver approximately 1.5-2 times the effective dose of conventional abdominopelvic CT scanning.
It was found that CD patients received a CED of 36.9
mSv over a follow-up of 10.9 years[27]. Desmond et al[28]
measured a mean CED value of 36.1 mSv and the value
exceeded 75 mSv in 15.5% of patients followed between
1992 and 2007. As there is an increased time-life risk of
developing intestinal malignancies, especially SB lymphoma and liver and biliary tract tumors[29], imaging modalities which impart no radiation dose have a definite
advantage in imaging CD patients.

WHAT CLINICIANS EXPECT FROM
RADIOLOGISTS REGARDING CD
Diagnosis of CD still remains a clinical challenge. A combination of clinical information is required, with radiologic imaging playing a key role. The radiologic information is sought for two purposes. One is to noninvasively
and accurately diagnose CD, so that gastroenterologists
may avoid treating patients who do not have true CD
with intensive medical therapies, which have a potential
for morbidity. The other role of radiologic examinations
is to evaluate the extent, activity and severity of disease,
and to exclude penetrating disease. The extent of the
disease influences the medical and surgical approach. The
presence of perienteric inflammation, fistulae and partial
SB obstruction may also alter the management decision.
A standardized reporting system and radiologic activity
index may be achieved by a detailed radiologic imaging,
and this may help assessing the disease activity[30].

PATIENT PREPARATION PROTOCOLS
As a collapsed bowel loop may obscure lesions or mimic
pathologic wall thickening, bowel distension is the single
most important factor for any method of choice. For this
purpose, a large amount of orally administered enteric
contrast material is used in MRI examination, to achieve
SB luminal distension. Oral contrast agents not only
distend the lumen but also decrease the susceptibility to
develop artifacts by displacing intraluminal air. Positive
contrast agents increase intraluminal signal [hyperintense
on both T1-weighted (T1W) and T2- weighted (T2W)
images]. They consist of paramagnetic substances such as
gadolinium chelates, ferrous and manganic ions and manganese ions[31-33]. They reduce T1 relaxation time, while
T2 relaxation time is usually not affected. Due to water
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active inflammation of the colon. It has been claimed
that rectal contrast can improve reader agreement[45,46].

that combines the advantages of conventional enteroclysis with those of cross-sectional imaging. It enables
visualization of luminal, mural and extramural abnormalities. It is performed with intubation of the duodenum
or proximal SB by subsequently administering enteric
contrast agents. It provides superior distension and improves depiction of mucosal abnormalities. However, as
placement and positioning of an intestinal tube are still
necessary for the examination, it is not well tolerated by
the patient. MRE is performed by ingestion of a large
volume of enteric contrast. It obviates the need for a nasoenteric intubation, so the technique is well tolerated by
the patients. As yet, there is no consensus about the modality of choice in the radiologic community. In a recent
prospective study performed with 40 CD patients, the
two techniques were compared and luminal distension
and visualization of superficial mucosal, mural and mesenteric abnormalities were evaluated. No statistically significant differences were found in assessing the diagnostic efficacy as to the visualization of mural stenoses and
fistulae. The number of detected mesenteric findings was
very high with both techniques[42]. The study concluded
that MRE might have a role in patients who refuse or
have failed intubation and also during follow-up.

PULSE SEQUENCES
Although there is no consensus on a universal protocol,
an appropriate SB examination should consist of fast
and ultrafast T1W and T2W sequences in both axial and
coronal planes. Contrast enhanced T1W sequences are
obtained by using gradient echo technique with fat saturation. The most commonly used sequence in SB imaging
is fast low-angle shot using both 2D and 3D acquisitions.
These are routinely used to identify increased enhancement in inflamed bowel wall[47,48]. 3D imaging provides
better spatial resolution and SNR than 2D imaging and
the volumetric data can be reconstructed in any planes.
But it is more susceptible to motion which may cause
blurring in the abdominal wall. Fast T1W gradient echo
sequences without fat supression or T1W fast spin echo
sequences may also be applied before IV contrast administration. T2W sequences are generated by rapid acquisition and relaxation enhancement with ultrafast acquisition time. They are known as half-acquisition single-shot
fast spin echo (SSFSE) or SSFSE sequences, depending
on the manufacturers. They are heavily T2W sequences,
complementary to gadolinium-enhanced gradient echo
sequences, and produce high contrast between the lumen and the bowel wall. As these sequences are highly
resistant to magnetic susceptibility or chemical shift
artifacts, the wall thickness may be evaluated accurately.
Moreover, the sinus tracts and fistulas are well visualized.
These sequences are sensitive to intraluminal motion and
there may be intraluminal low intensity signal artifacts.
Visualization of the mesenteric structures is impaired
on these sequences due to k-space filtering effects. In
recent years, high resolution, ultra-fast sequences based
on steady-state free precession have emerged as the predominant technique for imaging of SB. These sequences
are called true fast imaging with steady state precession, balanced fast field echo or fast imaging employing
steady-state acquisition (FIESTA) sequences, depending
on the manufacturer. They are relatively insensitive to
motion artifacts, provide uniform intraluminal signal and
lead to a high contrast between the bowel wall, lumen
and mesentery. Mesenteric vessels and lymph nodes are
better visualized on these sequences than on the singleshot sequences. The disadvantage of the sequence is
a black-boundary artifact at the interface of the bowel
wall and mesenteric fat that may hinder small lesions[49].
Although it is claimed that this artifact is also a potential
limitation for bowel wall thickness assessment, Fidler[50]
reported that it did not represent a significant limitation
in their routine practice. There is still not a consensus on
the scan delay: it has been reported that, in normal volunteers, peak wall enhancement for MRI was at 60-70 s
(portal venous phase)[51].

MRE VS OTHER DIAGNOSTIC
MODALITIES
Various studies have been performed to compare MRE
with other techniques as a diagnostic modality in CD
patients. Lee et al[52] compared the usefulness of CTE,
MRE and SBFT in 30 patients to detect active terminal
ileitis and extraenteric complications. Differences in areas under the ROC curves for three modalities were not
significant. Sensitivity values for detection of extraenteric
complications were significantly higher for CTE and
MRE. In another recent series, MRE and CTE were
compared in follow-up of CD patients, in which polyethylene glycol was used as oral contrast medium. MRE
showed a good sensitivity in detection of CD activity
and it was suggested as an accurate method in monitoring the activity of CD compared to CT[39]. Siddiki et al[53]
compared, in a prospective study, MRE and CTE in 33
CD patients and found similar sensitivities for MRE and
CTE (90.5% vs 95.2%, respectively). Horsthuis et al[54]
performed a meta-analysis on the accuracy of US, MR,
scintigraphy, CT and positron emission tomography
(PET) in the diagnosis of inflammatory bowel disease.
They found no significant differences in the diagnostic
accuracy among the imaging techniques. Tillack et al[55]
compared the diagnostic performance of MRE and wireless VCE in detecting and classifying SB CD proximal
to the terminal ileum. As for the presence or absence of
pathology, results of MRE and VCE were in total agreement for the evaluated segments (85%). In judging lesion
severity, both yielded identical results. The researchers
concluded that both modalities were complementary
and MRE should be used in more severe cases of CD
and in patients who might have involvement beyond the

MRE VS MR ENTEROCLYSIS
MR enteroclysis is an emerging technique for SB imaging
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mucosa of the SB. In a pilot study, performed to compare double-balloon enteroscopy and MR enteroclysis in
diagnosing suspected CD, the presence of pathology and
its localization, degree and extent of involvement were
evaluated. Both techniques had the potential to become
diagnostic standards that complement each other in patients with suspected complex SB CD[56].

SAMPLE PROTOCOL
At our institution, MRI examinations are performed with
a 1.5-T GE Signa MR scanner (GE Healthcare, Milwaukee, WI). Patients fast for 6 h before the MRI examination. A total of 1350 mL of Volumen (E-Z-EM Inc.) is
administered orally over the course of 45 min prior to
scanning. Immediately prior to starting the examination,
when the patient is being placed in the scanner, 1 mg of
intramuscular glucagon (Glucagen; Bedford Laboratories,
Bedford, Ohio) is administered. After acquiring a standard three-plane scout image, the following sequences are
obtained through the abdomen and pelvis using a 4-channel phased array body coil: (1) Axial and coronal FIESTA
with and without fat suppression (TR/TE 3.4/1.4,
matrix 224 × 224, flip angle 45, slice thickness/gap: 7
mm/0 mm); (2) Axial and coronal T2W SSFSE with and
without fat suppression (TR/TE infinite/90, matrix 256
× 256, slice thickness/gap: 6 mm/0 mm); (3) Pre- and
post-contrast T1W LAVA with additional dynamic postcontrast images (TR/TE 3.5-3.9/1.6-1.9, matrix 192 ×
256, flip angle 10, interpolated slice thickness 2.2 mm);
and (4) Axial and/or coronal diffusion-weighted images (b
values, 0 and 600 s/mm2; TR, 8000 ms; TE, 75 ms; matrix, 128 × 128-224; slice thickness, 7 mm; gap, 0 mm).
A number of signals are acquired. For each sequence,
the upper abdomen and pelvis are scanned separately.
Gadodiamide (Omniscan; Nycomed-Amersham, Princeton, NJ) is administered IV at a dose of 0.1 mmol/kg,
followed by a 20-mL saline flush at the rate of 2.0 mL/s.
For the dynamic-contrast enhanced MRI (DCE-MRI)
examinations, T1W, three-dimensional, gradient-echo,
and free-breathing coronal DCE-MR images covering the
entire abdomen are acquired (repetition time, 3.5-3.9 ms;
echo time, 1.6-1.9 ms; matrix size, 160 × 256; flip angle,
10°; interpolated slice thickness, 3 mm) with temporal
resolution of 5 to 12 s for approximately 4 to 7 min. The
dynamic scans are started immediately with the injection
of contrast without delay. Post-contrast high resolution
T1W images are obtained after completion of the DCEMRI sequence acquisition. Acquisition time for each
sequence ranges from 5 to 8 min. Field of view ranges
between 32 and 40 cm and ASSET factor of 2 is used in
all sequences. Total scan time is between 35-50 min.

Figure 1 Coronal T2-weighted single-shot fast spin echo (SSFSE) image
shows wall thickening and increased mural T2-signal intensity in the
terminal ileum wall (arrows).

Figure 2 Coronal contrast-enhanced 3D GRE T1-weighted image shows
wall thickening and increased enhancement of TI wall (arrow).

flammation, given the associated histologic findings of
edema and inflammatory infiltrate. A wall thickness of
greater than 3 mm in an appropriately distended segment
should be considered abnormal (Figures 1 and 2). Increased enhancement of bowel wall is also an important
finding of active inflammation, which is associated with
mucosal hyperemia (Figure 2). The degree of bowel wall
thickening and enhancement has also a high degree of
correlation with the CD activity index and the histologic
grading. Many investigators[59,60] have suggested that a
greater degree of mural enhancement is seen when inflammatory activity increases but Punwani et al[61], in their
recent series performed with 18 CD patients, failed to
find this correlation in their study group. The enhancement pattern of the inflamed bowel has also been evaluated[24]. A layered pattern (mural stratification) of bowel
enhancement has been reported to have good correlation
with active inflammation[62,63]. Mural stratification is the
abnormal separation of the contrast-enhancing outer gut
margin (serosa/muscularis propria) from the contrast-enhancing inner gut margin (mucosa/muscularis mucosa).
The layered appearance consists of an inner enhancing
ring produced by the hyperemic mucosa and an outer
ring by enhancing muscle and serosa with an intermediate low-density ring is produced by submucosal edema. A
similar target sign may be seen due to a low intensity sig-

MR FINDINGS IN CD
There have been various MR imaging findings proposed
as imaging biomarkers of CD activity[48,57,58]. Bowel wall
thickening is a significant but yet not entirely specific
feature of CD. Mural thickness increases with acute in-
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nal ring formed by hypertrophied fat and fibrosis of the
submucosa. This sign is seen in chronic stage, and thus it
is important to distinguish between spasms and strictures
of active inflammation from fat-halo sign, as seen in the
chronic stage. There is also a strong association between
mural signal intensity on T2W images and inflammatory
activity[59,61] (Figure 1). Low signal wall thickening on
T2W images with lack of increased enhancement is indicative of chronic or inactive CD. Comb sign is another
finding of CD which is produced by distended, enhancing, mesenteric vessels supplying the inflamed bowel segment. Fibro-fatty proliferation (fat-wrapping) of the mesentery around the inflamed bowel is a secondary finding,
which leads to separation of bowel loops. Fat stranding
adjacent to thickened bowel wall may also be present in
CD patients. Introduction of ultrafast pulse sequences in
MR examination protocols has significantly improved the
identification of mesenteric lymph nodes in patients with
CD. Some investigators state that enhancement of lymph
nodes is indicative of CD activity[59]. Gourtsoyianni et al[64]
studied mesenteric lymph nodes in patients with different
subtypes of CD and they concluded that enhancement
ratio of lymph nodes identified on MR may vary across
different subtypes of CD. Such differences may be valuable in clinical practice. CD may lead to some complications such as fistulae, phlegmon, abscesses and bowel
obstruction. CD may be subgrouped into 3 categories:
fistula-forming/perforating, fibrostenotic and perianal. In
fistula-forming/perforating disease, the large sinus tracks
or fistulae may be visualized by enteric contrast agent and
they are seen as linear hyperintense tracks. Fibrostenotic
CD is seen as a fixed narrowing of the affected segment
without any bowel wall thickening or inflammation on
MRI. Chronic strictures are seen as hypointense on both
T1 and T2W images and may show minimal enhancement. In perineal CD, MRI helps in diagnosis and demonstrating the anatomy of perineal fistulae.

A

B

Figure 3 DWI and apparent diffusion coefficient (ADC) map of inflamed
bowel wall. A: Thickened inflamed bowel wall with high signal on DWI image
(arrowheads); B: On ADC map, inflamed bowel wall presents a dark signal
(arrowheads).

the follow-up of CD patients. Oto et al[65] reviewed DWI
images of 11 CD patients and measured ADC values in
a pilot study. They concluded that inflamed bowel segments showed higher signal and decreased ADC values
compared to normal segments on DWI sequence. Kiryu
et al[66] found an accuracy of 93.3% in the SB, based on
visual evaluation and lower ADC values in the diseaseactive than that in disease-inactive area in CD patients.
DCE-MRI is a method useful to investigate microvascular structure and function by tracking the pharmacokinetics of injected low-molecular weight contrast
agents. It is sensitive to alterations in vascular permeability, extracellular, extravascular and vascular volumes and
blood flow[67]. The microvasculature neoangiogenesis has
been introduced as a recent component of inflammatory
bowel disease pathogenesis[68] and local vascularization
is known to increase with the activity of the disease[23].
In clinical DCE-MRI, T1W image signals are repeatedly
measured after the IV injection of a contrast agent, typically a low-molecular weight gadolinium chelate. When
the tissue is highly permeable, the contrast agent will
rapidly leak from the vasculature into the extravascular
space and result in fast enhancement in the DCE-MRI
images. Therefore; the evaluation of the increased enhancement in the pathologic bowel wall can be useful in
determining the site and the degree of activity of CD
(Figure 4). There are some initial qualitative and semiquantitative studies on the ability of DC-MRI in assessing CD activity[60,63,23,69-71]. Horsthuis et al[72] assessed the

ADVANCED MR TECHNIQUES IN CD
New MR applications have been applied to obtain additional information about the structural organization of
tissues on bowel imaging. Diffusion-weighted imaging
(DWI) and DCE-MRI techniques are still being studied
for their potential to provide more quantitative and accurate assessment of fibrosis and active inflammation in
the bowel wall.
DWI reflects the changes in the mobility of water
molecules and yields qualitative and quantitative information reflecting tissue cellularity and cell membrane
integrity. It complements morphological information
obtained by conventional MRI. There are some studies
on the role of DWI in detection of bowel inflammation
in CD. The apparent diffusion coefficient (ADC) may
facilitate quantitative analysis of disease activity. Visual
assessment of DWI may provide higher accuracy, and
the calculation of the ADC may facilitate the quantitative analysis of disease activity (Figure 3). Considering
its relatively light patient burden, DWI may contribute to
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A

MR units

C

Figure 4 Dynamic-contrast enhanced magnetic resonance
imaging (DCE-MRI) findings in inflamed terminal ileum
and in a normal segment. A: Coronal contrast-enhanced 3D
GRE T1-weighted image shows wall thickening and increased
enhancement of TI wall (arrow); B: Dynamic contrast-enhanced
image showing ROI placed on inflamed terminal ileum (green
ROI) wall and normal ileal segment (purple ROI); C: The timeintensity curves plotted as a function of time for terminal ileum
and normal ileal segment. Perfusion parameters of TI (green
curve) is higher than the normal ileal segments (purple curve);
D: Color map generated from dynamic contrast enhanced study
shows increased perfusion in terminal ileum (arrow).
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efficacy of DCE-MRI in perianal CD in 33 patients and
found a significant correlation between time intensity
curves and perianal activity disease index.
The assessment of stenoses in CD is an important
clinical problem and observation of intestinal motility has
been of prime importance for an accurate diagnosis for
both the gastroenterologist and the radiologist. Yet, there
is no established technique that can reliably distinguish
inflammatory from scarred stenoses. The physician needs
to decide whether anti-inflammatory or surgical therapy
should be carried out. Cinematographic techniques have
recently been evaluated for this purpose[73,74]. A continuous liquid infusion through a nasojejunal probe during
data acquisition provides optimal distension of the intestinal loops and makes it possible to differentiate between
functional and scarred stenoses, even on static images.
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CONCLUSION

8

Cross-sectional imaging techniques have a crucial role in
SB imaging. MRI has many advantages over CT, including
lack of ionizing radiation, improved soft tissue contrast,
ability to provide real-time and functional imaging and
the safety profile of utilized contrast agents. Limitations
of MRI are inferior temporal and spatial resolution, difficulty in access to the scanners and cost. With increasing
awareness of radiation exposure caused by CT examinations, and improvements in MRI techniques, MRE will
emerge as a diagnostic modality of choice in CD patients.
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Diagnosis of pancreatic tumors by endoscopic
ultrasonography
Hiroki Sakamoto, Masayuki Kitano, Ken Kamata, Muhammad El-Masry, Masatoshi Kudo
nign and malignant, solid or cystic pancreatic tumors,
malignant neoplasms, and chronic pancreatitis using
EUS, even when EUS-FNA is performed. Recently,
contrast-enhanced EUS with Doppler mode (CE-EUS)
employing ultrasound contrast agents, which indicate
vascularization in pancreatic lesions, has been found
to be useful in the differential diagnosis of pancreatic
tumors, especially small pancreatic tumors. However,
Doppler ultrasonography with contrast-enhancement
has several limitations, including blooming artifacts,
poor spatial resolution, and low sensitivity to slow flow.
Consequently, an echoendoscope was developed recently that has a broad-band transducer and an imaging mode that was designed specifically for contrastenhanced harmonic EUS (CEH-EUS) with a secondgeneration ultrasound contrast agent. The CEH-EUS
technique is expected to improve the differential diagnosis of pancreatic disease in the future. This review
describes the EUS appearances of common solid and
cystic pancreatic masses, the diagnostic accuracy of
EUS-FNA, and the relative efficacies and advantages of
CE-EUS and CEH-EUS along with their relative advantages and their complementary roles in clinical practice.
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Abstract

Key words: Contrast-enhanced endoscopic ultrasonography; Endoscopic ultrasonography; EUS-guided fine
needle aspiration; Pancreas; Sonazoid

Pancreatic tumors are highly diverse, as they can be
solid or cystic, and benign or malignant. Since their
imaging features overlap considerably, it is often difficult to characterize these tumors. In addition, small
pancreatic tumors, especially those less than 2 cm in
diameter, are difficult to detect and diagnose. For characterizing pancreatic tumors and detecting small pancreatic tumors, endoscopic ultrasonography (EUS) is
the most sensitive of the imaging procedures currently
available. This technique also provides good results in
terms of the preoperative staging of pancreatic tumors.
EUS-guided fine needle aspiration (EUS-FNA) has also
proved to be a safe and useful method for tissue sampling of pancreatic tumors. Despite these advantages,
however, it is still difficult to differentiate between be-
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associated with the transabdominal US imaging of the
pancreas caused by intervening gas, bone, and fat. Since
the EUS high-frequency transducers can be positioned
via the stomach and duodenum in direct proximity to the
pancreas, this technique yields detailed high-resolution
images of the pancreas that far surpass those achieved
by computed tomography (CT) or magnetic resonance
imaging (MRI). The high resolution of these images
permits the detection of lesions as small as 2-3 mm in
diameter and their relationship with adjacent blood vessels such as the portal vein and mesenteric vasculature
to be characterized. As a result, EUS is more accurate
than other imaging techniques in terms of local staging
and predicting vascular invasion and tumor resectability,
particularly with tumors less than 2 cm in diameter[5-7].
EUS is also useful for locating occult pancreatic tumors
in patients who have liver metastases and an unknown
primary tumor. For example, when EUS was applied to
33 patients whose CT images only revealed metastatic
tumors derived from an unknown primary tumor, primary pancreatic tumors were detected in 17 patients[8].
The identification of these primary pancreatic tumors
meant that these patients could be treated with pancreasspecific chemotherapy, which improved their outcome.

World J Radiol 2010; 2(4): 122-134 Available from: URL: http://
www.wjgnet.com/1949-8470/full/v2/i4/122.htm DOI: http://
dx.doi.org/10.4329/wjr.v2.i4.122

INTRODUCTION
Although the morphology of pancreatic tumors is highly
diverse, these tumors can be classified broadly into solid
and cystic tumors. Solid pancreatic masses may be due to
the inflammation associated with chronic pancreatitis or
they may be caused by a malignancy[1,2]. Ductal pancreatic adenocarcinoma is the most common malignant pancreatic neoplasm as it accounts for more than 95% of
all malignant solid pancreatic tumors[3]. Only a minority
of pancreatic tumors are neuroendocrine tumors. Other
pancreatic tumors such as squamous cell carcinomas and
primary pancreatic lymphomas are even rarer. Cystic tumors comprise 10%-15% of all cystic masses and 1%-5%
of all pancreatic malignancies[4]. The imaging features of
benign and malignant cystic lesions overlap considerably.
Moreover, solid pancreatic tumors with cystic degeneration can mimic primary cystic tumors. Thus, it is often
difficult to differentiate benign lesions from malignant
lesions, and solid tumors from cystic pancreatic tumors.
Compared to other imaging techniques, endoscopic
ultrasonography (EUS) has been shown to be more accurate in terms of local staging and predicting vascular
invasion and tumor resectability, particularly with tumors
less than 2 cm in diameter[5-7]. Furthermore, EUS permits a pancreatic mass to be aspirated and/or biopsied
during an examination, which allows a histological diagnosis to be made and benign masses to be differentiated
from malignant masses.
EUS has also been adapted to employ an ultrasound
(US) contrast agent. This technique is termed contrastenhanced EUS (CE-EUS), and it has been used to assess
the microvascular structures of pancreatic tumors. However, because this technique is associated with several
imaging limitations, contrast-enhanced harmonic EUS
(CEH-EUS) was developed recently. This technique employs an echoendoscope with a broad-band transducer
and an imaging mode that was designed specifically for
CEH-EUS with a second generation US contrast agent.
All of these non-invasive methods have improved the
discrimination between malignant and benign masses
and the differential diagnosis of the pancreatic masses.
In this article, the EUS imaging findings of the common
pancreatic solid and cystic masses are reviewed. In addition, the diagnostic accuracy of EUS-guided fine needle
aspiration (EUS-FNA) is examined. Finally, the efficacies and relative advantages of CE-EUS, CEH-EUS,
and other diagnostic EUS adapted procedures and their
complementary role in clinical practice are discussed.

SOLID PANCREATIC LESIONS
Solid pancreatic masses include benign masses, namely
focal chronic pancreatitis, and malignancies, namely ductal adenocarcinomas, neuroendocrine tumors, lymphomas, and metastases.
Focal chronic pancreatitis
Regardless of whether CT, MRI, or even EUS is used,
it is very difficult to reliably distinguish between chronic
pancreatitis masses, namely masses that are due to advanced inflammation or fibrosis, and malignant tumors.
To diagnose chronic pancreatitis, nine EUS criteria are
currently accepted. Four are parenchymal criteria: hyperechogenic foci, hyperechogenic strands, pseudocysts, and
lobularity. Five are ductal criteria: dilated main pancreatic
ducts (MPDs), visible side branches, and hyperechogenic
walls of the MPD[9-11]. When these 4-5 diagnostic criteria are used, the diagnostic sensitivity of EUS ranges
between 84% and 100%, while its specificity ranges between 60% and 95%[12-16]. In addition, Rösch et al[17] and
Glasbrenner et al[18] independently proposed EUS criteria
that are suggestive of an inflammatory mass, namely
inhomogeneous echo pattern, calcification, peripancreatic echo-rich stranding, and cysts. Their EUS criteria of
malignant masses included: signs of invasion of adjacent
organs, enlargement of adjacent lymph nodes, and masses with irregular outer margins (Figure 1). While these
criteria markedly improved the diagnostic specificity of
EUS, the sensitivity of the technique remained rather
low, which means that the B-mode images of EUS are
still insufficient for discriminating between chronic pancreatitis and malignant tumors.

ENDOSCOPIC ULTRASONOGRAPHY
EUS was developed in the 1980s to overcome problems
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A

Mass

B
Figure 1 Focal chronic pancreatitis. Endoscopic ultrasonography (EUS)
shows a mass with an irregular, inhomogeneous echo pattern, and calcification
(arrow) at the head of the pancreas.

Figure 3 Neuroendocrine tumor. A: EUS shows a heterogeneous appearance;
cystic, with a solid component or pure fluid 31 mm in diameter; B: EUS using
Doppler mode shows a hypervascular mass at the tail of the pancreas (arrows).

CA

is highest for patients with smaller tumors, whereas helical CT is more accurate in staging larger tumors[26-29].
When all four features that are suggestive of malignant
lymph nodes, namely round shape, well-delimitated, size
> 1 cm, and hypoechogenity, are present the chance of
malignancy is 80%-100%[30].
Another benefit of EUS with regard to pancreatic tumors is that it can show the invasion of the great peripancreatic vessels with an accuracy of 67%-93%[17,31,32]. The
splenic vein, portal vein and proximal superior mesenteric
artery are easier to visualize on EUS than the other major
peripancreatic vessels[33,34]. The vascular invasion criteria
are as follows: irregularity of the interface with the vessels, intravascular tumor growth, and nonvisualization of
the vessel, with collateral circulation growth. EUS can
detect vascular invasion with a sensitivity and specificity
of 42%-91% and 89%-100%, respectively[17,31,32]. While
the accuracy can be rather low, this is because the staging
accuracy of EUS can be influenced by several factors,
including the experience of the endosonographer, the
presence of imaging artifacts, and the endosonographer’s
knowledge of the results of previous imaging tests.

Figure 2 Pancreatic adenocarcinoma. EUS shows a heterogeneous hypoechoic mass with irregular margins at the body of the pancreas, infiltrating the
celiac artery, and development of collateral vessels around the tumor (arrows).
CA: Celiac artery.

Pancreatic adenocarcinoma
Pancreatic adenocarcinomas typically have the EUS
appearance of a heterogeneous hypoechoic mass with
irregular margins (Figure 2). However, relying on these
morphological features alone only yields a diagnostic
specificity of 53% since these features can also be seen
in focal pancreatitis, neuroendocrine tumors, and metastases[19]. However, with a sensitivity of 89%-100%, EUS
has been remarkably successful in the early detection of
small adenocarcinomas[20-22]. In our institute, helical CT
and EUS can detect pancreatic carcinomas 2 cm or less
in diameter with a sensitivity of 50% and 94.4%, respectively. Thus EUS is significantly more sensitive than helical CT for detecting small pancreatic tumors[23].
Compared to other imaging techniques, EUS also
facilitates more accurate staging, which improves the
management of pancreatic cancer. Indeed, it has been
suggested that EUS is most useful for assessing peripancreatic vascular and lymph node involvement. Many large
series have found that when EUS is used for staging,
the T stage accuracy ranges between 78%-91% and the
nodal (N) stage accuracy ranges between 41%-86%[24-28].
In general, the T stage accuracy based on EUS findings
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Neuroendocrine tumors
On EUS, neuroendocrine tumors usually appear as a
hypoechogenic well-delimited lesion with intense vascularization; moreover, 60%-75% of all neuroendocrine tumors are less than 1.5 cm in diameter[35,36]. Lesions greater
than 3 cm are likely to have an increased potential for
malignancy and a heterogeneous appearance, namely cys-
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performed for malignant disease are due to pancreatic
metastases of renal cell carcinomas[42]. Most pancreatic
metastases develop from primary kidney, lung, breast,
colon, or skin tumors[43] (Figure 4A and B). Confirming
the metastatic nature of a pancreatic tumor is not an easy
task, even for pathologists. However, metastatic tumors
are more likely to have well-defined borders than primary
pancreatic cancers[44].

A

SV

CYSTIC PANCREATIC LESIONS
Cystic neoplasms of the pancreas often pose a diagnostic dilemma. They can be essentially classified according
to malignant potential into mucinous and non-mucinous
lesions with significant differences in the natural history
and survival between the two groups. Mucinous tumors
have recently been classified into mucinous cystic neoplasms (MCN) and intraductal papillary mucinous neoplasms (IPMN). Non-mucinous cysts include neoplastic
cysts [serous cyst adenomas (SCAs) and solid pseudopapillary tumors], inflammatory cysts (pseudocysts),
and epithelial cysts (adult polycystic disease and cystic
fibrosis). Mucinous lesions are premalignant or malignant tumors, and surgical resection is generally recommended on operative candidates. Of the non-mucinous
lesions, SCAs, whose potential for malignancy is low,
and pseudocysts, which are always benign, are generally
only resected if they are causing symptoms or complications[45-47].
The morphological features of cystic pancreatic lesions that can be determined by EUS include the presence of a wall, septa, solid component, the number and
size of cysts, and the dilatation and thickening of the
MPD. The presence of intracystic mucin or floating
debris, pancreatic duct dilation, echogenic ductal wall
thickening, and focal cyst wall nodularity or thickening
are distinctly usual and suggestive of a mucinous tumor.
These EUS features are thus useful for the differential
diagnosis of cystic pancreatic lesions[48-53], although the
accuracy with which they can be used to diagnose malignant cystic pancreatic tumors is rather low (51%-82%).
Their usefulness is particularly limited in the case of
large lesions (> 5-6 cm) that escape the focal field of the
transducer[18,54-56].

B

Figure 4 Metastatic pancreatic cancer from renal cell carcinoma. A:
EUS shows a heterogeneous hypoechoic mass with a central necrotic area
at the head of the pancreas; B: Contrast-enhanced Doppler EUS shows a
hypervascular mass. SV: Splenic vein.

tic, with a solid component or pure fluid[37] (Figure 3A).
The accuracy and specificity with which EUS can localize
neuroendocrine tumors are 93% and 95%, respectively[38].
Since typical neuroendocrine tumors are known to be
hypervascular tumors, EUS employing a Doppler mode
is useful for observing the vascularity of identified neuroendocrine tumors (Figure 3B).
Primary pancreatic lymphoma
Primary pancreatic lymphoma is rare, comprising
1.3%-1.5% of all malignant pancreatic tumors. It is characterized by non-specific symptoms, laboratory tests and
imaging results. Consequently, it can be very difficult to
differentiate pancreatic lymphoma from pancreatic cancer on the basis of clinical and imaging data alone[39,40].
One report has described the EUS appearance of a pancreatic lymphoma as a bulky localized tumor in the pancreas without significant dilation of the MPD. Furthermore, if enlarged lymph nodes are encountered below
the level of the renal veins, pancreatic lymphoma may
be suspected. These EUS appearances may be useful for
distinguishing between pancreatic lymphoma and other
malignant pancreatic masses[41].

Pseudocysts
The diagnosis of pseudocysts is generally not a clinical
dilemma if there is a history of pancreatitis. However,
cysts occurring in the setting of pancreatitis are not always pseudocysts; IPMN, for example may present with
pancreatitis. Mature pseudocysts often have a thick wall
surrounding a round collection of fluid, whereas early
pseudocysts have a thin wall containing a collection of
complex fluids[48] (Figure 5). To differentiate pseudocysts
from cystic malignancies, it is useful to know that internal cyst debris and pancreatic parenchymal changes are
observed more frequently in pseudocysts, and that mural
nodules and septa are present more frequently in cystic

Metastatic pancreatic cancer
While primary pancreatic adenocarcinoma is the most
common malignant tumor of the pancreas, a recent
study showed that 3% of all pancreatic resections
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Figure 7 Solid pseudopapillary tumor. EUS shows a tumor in part of the
calcified wall (dashed arrows) with acoustic shadow and inner calcifications
(arrow) at the body of the pancreas 12 mm in diameter.

Figure 5 Pseudocyst. EUS shows a cystic lesion with a thick wall surrounding
a round fluid collection at the body of the pancreas.

Solid pseudopapillary tumors
These tumors have a fairly well-defined behavior and
malignant risk and are often managed surgically. In these
cases, EUS plays a limited role because of the large size
of the lesions and the resulting limitation of the examination field. However, typical EUS images of these
tumors reveal well-delimited tumors with inner cystic
formations and calcification (Figure 7). The atypical pure
fluid forms are difficult to differentiate from the MCNs.
IPMN
IPMNs are more common in the elderly and are located
more frequently in the head of the pancreas. IPMNs are
characterized by the papillary proliferation of the ductal
epithelium that is responsible for mucus production,
which leads to the dilatation of the excretory pancreatic
ducts. In a minority of cases, an endoscopic diagnosis of
an IPMN can be established if a papulous papilla with
mucin extrusion, also sometimes referred to as a “fisheye” ampulla, is seen[61] (Figure 8A). These lesions can
progress from hyperplasia to dysplasia, then to carcinoma
in situ, and finally to invasive carcinoma. Macroscopically,
IPMN is characterized by the mucinous dilatation of the
pancreatic ducts, with involvement of either the MPD
alone (main duct type), the side branch ducts alone (side
branch type), or both (combined type)[62-64] (Figure 8B-D).
Although communication with the MPD is a feature of
side branch type IPMN and helps to exclude MCN, the
absence of communication does not exclude IPMN because the mucus can block the flow of contrast into the
abnormal side branch. EUS can: (1) visualize the communication between the MPD and a dilated side pancreatic
duct; (2) help to make a differential diagnosis between an
intraductal mucus deposit (as filaments or hyperechogenic round structures surrounded by a hyperechogenic ring)
and a hypoechogenic intraductal polypoid lesion; and (3)
visualize the thickening of the pancreatic duct wall or
mural nodes. The diagnostic accuracy of EUS for IPMN
is 92%, which is higher than that provided by US (82%)
or endoscopic retrograde cholangiopancreatography
(89%). Although not specific, an underlying malignancy

Figure 6 Serous cyst adenoma. EUS shows a mass with a “honeycomb
appearance” at the body of the pancreas 13 mm in diameter (arrows).

malignancies[57]. However, several studies have concluded
that when used in isolation, morphological features cannot reliably differentiate between malignancies and cystic
lesions including pseudocysts[58,59].
SCAs
SCAs occur predominantly in young females. Although
several reports have found that 50% to 70% are located
in the pancreatic body or tail, other studies have found
them more commonly in the head or neck region (63%).
Although there are case reports of the malignant transformation of SCAs, they are largely benign cystic lesions
and as such are often managed non-surgically[59,60]. SCAs
usually appear as focal, well-demarcated lesions that contain multiple, and small (less than 1-2 cm in diameter)
fluid-filled microcysts. The microcysts are separated by
dense fibrous septa, producing a honeycomb appearance
(Figure 6). Central fibrosis or calcification may be seen,
particularly in large lesions, and can result in sunburst
calcification. While this is a pathognomonic feature, it
is present in only about 10% of patients with SCAs. A
less common macrocystic variant contains larger (greater
than 2 cm) cysts. They are typically microcystic. A solid
variant contains numerous tiny cysts, each 1-2 mm in diameter, and appears as a homogeneous hypoechoic mass
that can be mistaken for a ductal carcinoma.
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C
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D

E
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Figure 8 Intraductal papillary mucinous neoplasms (IPMN). A: An endoscopic diagnosis of an IPMN can be established if the “fish-eye” ampulla is visualized in
minority cases; B: IPMN of main duct type. EUS shows a mural nodule within by the mucinous dilatation of the pancreatic ducts, with involvement of the main duct
at the tail of the pancreas; C: IPMN of side branch type. EUS shows a multiple dilatation of the side branch at the neck of the pancreas; D: IPMN of the combined
type. EUS show a mural nodule stretching (circle) over the main pancreatic duct and side branches (arrows) at the body of the pancreas. E: IPMN of main duct type.
Intraductal ultrasonography (IDUS) can identify tumor nodule development into the main pancreatic duct (arrows). MPD: Main pancreatic duct.

MCN
MCNs are more common in middle-aged women and are
located more frequently in the body and tail of the pancreas. Although MCNs are typically macrocystic tumors
that are > 2 cm in diameter, there are also small MCNS
that are only a few, millimeters in diameter (Figure 9). Peripheral calcifications are found in 15% of patients but
can also occur in other cystic lesions, as well as in mural
nodes or vegetations[66]. Pancreatic duct communication is seldom seen because MCNs originate within the
peripheral ductal system. Angiography, although rarely
performed on these lesions, shows that most MCNs
are hypervascular. Evidence of malignancy includes the
presence of cyst wall irregularity and thickening, intracystic solid regions, or an adjacent solid mass. The presence of “ovarian type stroma” is strongly suggestive of
an MCN lesion, although MCNs with “non-ovarian type
stroma” have also been reported[67,68].

Figure 9 Mucinous cystic neoplasms (MCN). EUS shows a separated
macrocyst 40 mm in diameter.

is suggested by an MPD diameter greater than 10 mm,
branch-duct type IPMNs that have a cystic lesion diameter greater than 40 mm and a thick, irregular septum,
and the presence of mural nodules that exceed 10 mm in
diameter[49].
In cases where the pancreatic duct is sufficiently dilated, intraductal ultrasonography (IDUS) that utilizes a
thin caliber (approximately 2 mm in diameter) ultrasonic
probe with high-frequency ultrasound (12-30 MHz) can
be useful. This technique results in images that have a
high spatial resolution and can be used to determine the
extent of a tumor along the MPD or the progression
of a tumor from a branch duct into the MPD. Thus, it
provides critical information for surgical candidates with
IPMN. It can also detect flat lesions that are less than
500 μm in height[65], but the depth of image penetration
is limited (Figure 8E).
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EUS-FNA
EUS-FNA has proved to be a safe and useful method
for tissue sampling of pancreatic masses. The safety
of EUS-FNA for evaluating pancreatic lesions is now
well established[69-71]. Several studies have reported that
the rate of complications, which include pancreatitis,
infection, and bleeding, is 0%-2%[69,72,73]. In addition, a
multicenter study evaluating the safety of EUS-FNA of
solid pancreatic masses found that, 14 of 4958 patients
developed pancreatitis[69]. The accuracy of EUS-FNA
for the diagnosis of pancreatic carcinoma and neuroendocrine tumors is reported to be 80%-95%[72-75] and
46%-83%[75,76], respectively. The low accuracy for endo-
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crine tumors may be because inadequate hemorrhagic
samples are often obtained: this reflects the vascular
nature of these tumors. In terms of the diagnostic sensitivity of EUS-FNA, a study of 282 patients with pancreatic solid tumors with and without chronic pancreatitis
found that the diagnostic sensitivity of EUS-FNA was
significantly lower for chronic pancreatitis cases (73.9%
vs 91.3%, P = 0.02)[36]. Another study of 69 patients
with chronic pancreatitis showed that compared to EUS
alone, EUS-FNA of the patients’ masses improved the
sensitivity, specificity and overall accuracy with which
inflammatory conditions could be differentiated from
pancreatic adenocarcinomas (63.6% vs 72.7%, 75.9% vs
100%, 73.9% vs 95.7%, respectively)[77]. However, the
relatively poor sensitivity of EUS-FNA means that even
this technique is insufficient for distinguishing between
inflammatory and malignant masses. If the EUS-FNA
data are suggestive of pancreatitis but other diagnostic
modalities, including EUS, point to pancreatic cancer,
close follow-up tests must be performed.
EUS-FNA of a cystic lesion may improve the accuracy of EUS since it permits the cystic fluid to be analyzed
and a cytological diagnosis to be made. The cytological
analyses include specific testing for the presence of columnar epithelial cells that stain for mucin (which is suggestive of MCNs or IPMNs), or cuboidal epithelial cells
that stain for glycogen (which is suggestive of SCAs). In
relation to this, a recent cooperative, multicenter trial in
the United States studied 112 patients with cystic lesions
of the pancreas who first underwent EUS-FNA and
then surgical resection of their masses (which provided a
histological diagnosis)[54]. The accuracy with which EUS,
cystic fluid cytology, and staining of the cyst fluid for
tumor markers such as carcinoembryonic antigen (CEA)
provided the correct diagnosis was assessed. Of the 112
patients, 68, 7, 25, 5 and 5 were found to have mucinous,
serous, inflammatory, endocrine, and other cystic lesions,
respectively. Immunostaining for CEA differentiated
between mucinous and non-mucinous cystic lesions with
significantly greater accuracy (79%) than EUS morphology (51%) or cytology (59%). The investigators concluded
that cystic lesions should be aspirated and that the fluid
should be analyzed for CEA to differentiate between
mucinous and non-mucinous lesions. In contrast, another
study found that cystic fluid aspiration and CEA analysis
did not improve diagnoses made on the basis of EUS[78].
In this study, 34 patients with a cystic lesion underwent
EUS-FNA followed by resection of the lesion. The abilities of EUS, cytology, and cystic fluid analysis to provide
a diagnosis were compared. Histological analysis revealed
that the lesions were benign (simple cysts, pseudocysts,
or SCAs) or malignant/potentially malignant (MCAs,
IPMNs, cystic islet cell tumors, or cystic adenocarcinomas). The diagnostic sensitivities of EUS, cytology and
CEA were 91%, 27%, and 28%, respectively (P = 0.01),
their specificities were 60%, 100%, and 25%, respectively,
and their accuracies were 82%, 55%, and 27%, respectively. If EUS was combined with cytopathology and
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Table 1 Pancreatic cyst fluid levels of amylase and tumor
markers

Amylase
CEA
CA 72-4
CA 19-9
CA 125

Serous
cystadenoma

Mucinous
cystic neoplasm

IPMN

Pseudocyst

Low
Low
Low
Variable
Low

Low
High
High
Variable
Variable

High
High
High
Variable
Low

High
Low
Low
High
Low

IPMN: Intraductal papillary mucinous neoplasia; CEA: Carcinoembryonic
antigen; CA: Carbohydrate antigen.

CEA, its diagnostic accuracy did not improve further. It
was concluded that cystic fluid cytology and CEA analysis does not improve the diagnostic ability of EUS.
Tumor markers other than CEA have also been used
to analyze pancreatic cystic fluids sampled by EUS-FNA.
These include CA19-9, CA125, and CA 72-4. The largest
study to date that has examined the ability of multiple
tumor markers in cystic fluid to detect benign and malignant mucinous cystic lesions in pancreatic cystic lesions
found that mucinous cystic tumors had significant CA
72-4 levels and that this marker could detect mucinous or
malignant cysts with a specificity and sensitivity of 95%
and 80%, respectively[79].
Fluid obtained during FNA of pancreatic cysts could
be sent for biochemical and cytological analysis, and
tumor marker levels, which often determines the cyst
type and the presence of malignancy[80-84]. A combined
analysis of 11 studies[85,86] found that cytology from cyst
fluid was diagnostic in 38% to 48% of cystic pancreatic
neoplasms, and the Cooperative Pancreatic Cyst Study[84]
determined the diagnostic accuracy to be 59% in this
setting. When tumor markers, amylase testing and mucin
staining are combined with cytological testing, the diagnostic accuracy increases to 80% or 90%[80-84] (Table 1).
High levels of cyst fluid amylase are more often found in
cysts that communicate with pancreatic ducts (pseudocysts and IPMN); a cyst fluid amylase level greater than
5000 U/L has a sensitivity and specificity of 61% and
58%, respectively, for distinguishing pseudocysts from
other cystic neoplasms[86,87].
With regard to the complications associated with
EUS-FNA of pancreatic cystic lesions, it has been reported that in 81 patients subjected to EUS-FNA, one
developed an infected cystadenoma[88]. This patient did
not receive prophylactic antibiotics before the procedure. The current standard of care for patients undergoing FNA of a pancreatic cystic lesion includes routine
administration of antibiotics.

CONTRAST-ENHANCED EUS
While EUS is a diagnostic method that can detect small
pancreatic lesions with high sensitivity, it remains difficult to differentially diagnose pancreatic lesions, especially malignant neoplasms in patients with chronic pancre-
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Figure 10 Focal chronic pancreatitis. A: EUS shows a mass with an irregular
and inhomogeneous echo pattern at the head of the pancreas; B: Contrastenhanced power Doppler EUS shows an isovascular nodule compared with the
surrounding pancreatic tissue. BD: Bile duct; PV: Portal vein.

atitis[89]. The introduction of EUS-FNA has made this
task easier, however, there are cases where the diagnosis
is still difficult using EUS-FNA. These include cases
where the EUS-FNA aspirant contains insufficient tumor material because the pancreatic tumor is small, and
cases with severe chronic pancreatitis that make it difficult to see the borders of the lesion, thereby hampering
the accurate insertion of the needle. Moreover, there
are cases where a non-invasive diagnostic technique is
needed because the patient is using anticoagulants. For
these reasons, CE-EUS was developed.
Contrast-enhanced techniques provide information
on vascularity and blood flow in normal and pathological
tissues. CE-US has played an important role in clinical
practice by aiding the differential diagnosis of diseases
in a wide array of organs, including the liver, gallbladder, bile duct, pancreas, kidney, thyroid, and prostate. It
has also helped to guide interventional procedures and
to evaluate treatment responses after local therapies and
chemotherapy[90-95].
Several studies that assessed the utility of CE-EUS
for diagnosing pancreatic tumors were reported recently[23,96-100]. One of these was our study comparing
the ability of power Doppler EUS (PD-EUS), CE-EUS
with power Doppler mode using first generation US
contrast agent (Levovist), and contrast-enhanced helical CT (CE-CT) to diagnose small pancreatic tumors[23].
PD-EUS and CE-EUS allowed the pancreatic tumors to
be classified according to their density of vessels rela-
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Figure 11 Pancreatic adenocarcinoma. A: EUS shows a heterogeneous
hypoechoic mass with irregular margins at the body of the pancreas and tail
side main pancreatic duct enlarged due to the infiltrating mass; B: Contrastenhanced power Doppler EUS shows a hypovascular nodule compared with the
surrounding pancreatic tissue; C: Contrast-enhanced harmonic EUS showing a
clear margin and hypovascular nodule compared with surrounding pancreatic
tissue (arrows) without blooming artifact such as that found with Doppler
imaging. Left: B-mode imaging; Right: Contrast imaging. MPD: Main pancreatic
duct; SA: Splenic artery.

tive to the vascularity of the surrounding pancreatic tissue, namely as, hypovascular, isovascular, and hypervascular (Figures 10 and 11): For small pancreatic tumors
that were ≤ 2 cm, the sensitivity with which PD-EUS,
CE-EUS and CE-CT differentiated ductal carcinoma
from other tumors was 50%, 83.3% and 11%, respectively. Thus, CE-EUS was significantly more sensitive
than PD-EUS and CE-CT, which suggests that CEEUS is particularly useful for differentially diagnosing,
pancreatic tumors, especially small pancreatic tumors.
However, such Doppler ultrasonography with contrast
enhancement has several limitations, including blooming artifacts, poor spatial resolution, and low sensitivity
to slow flow[96-99]. Indeed, in our study, these limitations
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OTHER DIAGNOSTIC EUS ADAPTED
PROCEDURES
IDUS
The list of indications of EUS is growing, which has
forced gastroenterologists to think outside the lumen.
Technological advances in EUS imaging has led to the
development of IDUS mini propes for the evaluation
of the pancreatobiliary tree and periductal structures. In
the evaluation of patients with pancreatic duct stenosis,
IDUS can be used to distinguish malignant strictures, allow for the early detection of small pancreatic adenocarcinomas, assist in local staging and to determine resectability[104,105]. IDUS may also be useful for the localization
of pancreatic neuroendocrine tumors not visualized
by other imaging modalities[104-106]. In the evaluation of
IPMN, IDUS is used to determine malignant disease and
disease extent before surgery. IDUS and pancreatoscopy
had a reported combined sensitivity, specificity and accuracy of 91%, 82% and 88%, respectively[107].

Figure 12 IPMN of side branch type. Left (B-mode image): The nodule (arrow)
in dilatation of the side branch cannot be distinguished between sediment and
tumor by B-EUS; Right (contrast image): Contrast-enhanced harmonic EUS
reveals that this nodule is sediment.

prevented vascularity from benign evaluated in 7.8% of
all patients, of whom 22.2% had carcinomas that were
≤ 2 cm in diameter.
Hocke et al[100] evaluated the ability of CE-EUS with
power Doppler mode using SonoVue, a second generation US contrast agent, to differentiate inflammation
from pancreatic carcinoma on the basis of the perfusion characteristics of the microvessels. For this study,
chronic pancreatitis without neoplasm was defined as the
lack of detectable vascularization or the regular appearance of vessels both before and after the injection of
SonoVue, and the detection of both arterial and venous
vessels in the contrast-enhanced phase. Malignancy was
defined as the lack of detectable vascularization before
the injection of SonoVue, the irregular appearance of
arterial vessels after the injection of SonoVue, and the
absence of venous vessels in the lesion. In patients with
chronic pancreatitis, combined conventional B-mode
and power Doppler EUS diagnosed pancreatic cancer
with a sensitivity and specificity of 73.2% and 83.3%,
respectively, whereas CE-EUS with power Doppler had
a sensitivity and specificity of 91.1% and 93.3%, respectively. Thus, CE-EUS is highly useful for the differential
diagnosis of pancreatic cancer.

EUS-elastography
EUS-elastography can assess tissue hardness by measuring its elasticity which might provide clinical utility in the
diagnosis of pancreatic disorders. Tissue elasticity studies
can provide information on both its pattern and distribution. EUS-elastography has introduced a new form of
pathologic analysis, that is, tissue elasticity. This parameter appears to correlate with the malignant potential of
the lesions. Importantly, the image of EUS elastography
indicates the relative value in a region of interest (ROI),
so the same lesion might display different colors in a different ROI. This is a limitation of EUS-elastography. The
other is the distribution of tissue elasticity. With the prototype image analysis software, we can now capture and
analyze features of real-time tissue elastography by using
computer software. Theoretically, this will limit interpretation bias and provide a measure of pattern distribution
that is constant and independent, regardless of ROIs[108].
More studies and greater experience are needed before it
has a place in our diagnostic armamentarium.

CONTRAST-ENHANCED HARMONIC EUS

Tridimensional-EUS
Tridimensional (3D)-EUS certainly facilitates anatomical
interpretation of the images in the pancreatobiliary area, as
well as vascular landmarks used for staging and assessment
of resectability. The method might be feasible for the assessment of venous invasion and venous compression in
focal pancreatic masses, in both chronic pancreatitis and
pancreatic cancer[109]. The acquisition of 3D volume allows
a retrospective assessment and slicing of the reconstructed
cube, with accurate depiction of focal masses, even if
missed on the initial real-time evaluation. However, further
progress of the technology is still necessary.

Kitano et al[101] recently developed an echoendoscope with
a broad-band transducer and an imaging mode specifically for CEH-EUS. This technology can detect signals
from microbubbles in vessels with a very slow flow without Doppler-related artifacts and can be used to characterize tumor vascularity in the pancreas (Figure 11C).
Second-generation US contrast agents such as SonoVue
and Sonazoid, harmonic signals at low acoustic powers
and thus are suitable for EUS imaging at low acoustic
powers[102,103]. CEH-EUS successfully creates novel perfusion images and the vascular structures of pancreatic
lesions (Figure 12). This CEH-EUS mediated evaluation
of the microvasculature of pancreas lesions is expected
to improve the differential diagnosis of pancreatic disease
in the near future.
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CONCLUSION
EUS is established as a most accurate method for stag-
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ing malignancies of the pancreas, particularly small
pancreatic lesions. EUS-FNA also allows safe tissue
sampling of pancreatic tumors. EUS and EUS-FNA are
now indispensable for the management of pancreatic
tumors. In addition, we have recently been able to use
various new EUS adapted technologies such as CE-EUS
and CEH-EUS in clinical practice, which are helpful in
the differential diagnosis of pancreatic tumors, especially
small pancreatic tumors. Further improvements in EUS
technology are expected to provide more useful modalities for the detection and diagnosis of pancreatic tumors.
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Abstract
Protons deposit most of their kinetic energy at the end
of their path with no energy deposition beyond the
range, making proton therapy a valuable option for
treating tumors while sparing surrounding tissues. It is
imperative to know the location of the dose deposition
to ensure the tumor, and not healthy tissue, is being
irradiated. To be able to extract this information in a
clinical situation, an accurate dosimetry measurement
system is required. There are currently two in vivo
methods that are being used for proton therapy dosimetry: (1) online or in-beam monitoring and (2) offline
monitoring, both using positron emission tomography
(PET) systems. The theory behind using PET is that
protons experience inelastic collisions with atoms in
tissues resulting in nuclear reactions creating positron
emitters. By acquiring a PET image following treatment,
the location of the positron emitters in the patient, and
therefore the path of the proton beam, can be determined. Coupling the information from the PET image
with the patient’s anatomy, it is possible to monitor
the location of the tumor and the location of the dose
deposition. This review summarizes current research
investigating both of these methods with promising results and reviews the limitations along with the advantages of each method.

WJR|www.wjgnet.com

INTRODUCTION
Radiation can be delivered to kill tumors in a variety of
ways. Treatments range from brachytherapy (implanting
a radioactive seed in the tumor), to radioactively tagged
molecules that are injected into the patient and are uptaken into the tumor, to external X-ray and electron
beam treatments using linear accelerators or radioactive
isotopes, to heavy ions produced in cyclotrons or synchrotrons. All of these therapies are used clinically but
proton therapy is becoming more and more popular due
to the unique dose deposition of heavy charged particles. Protons deposit almost all of their energy at the
end of their path, called the Bragg peak, and therefore it
is imperative that this Bragg peak is located in the tumor
and not in healthy tissue.
As the power of proton therapy to treat cancer is
recognized, new facilities are being constructed and commissioned worldwide. However, there are currently many
unanswered questions regarding proton therapy. One of
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the most important unknowns is the uncertainty in the
location of the dose deposition. Knowing this location
exactly is difficult due to internal motion of the patient’s
organs and the changing anatomy of the tumor over a
course of radiation therapy. Furthermore, the range of
the proton is uncertain due to tissue inhomogeneities
and complications in modeling proton transport. It is
essential to have a dosimetry system that can relate the
location of the proton dose deposition to the patient’s
anatomy at the time of treatment for verification as well
as for adaptation of the treatment plan as needed.
Investigation into devices like thermoluminescent
dosimeters[1-4] to measure the dose from proton therapy
shows potential but the emerging trend for in vivo proton therapy dosimetry is positron emission tomography
(PET)[5-11]. The theory is that, as the protons enter the
patient, they undergo inelastic collisions with atoms in
tissues, which result in nuclear reactions producing positron emitters[12]. The PET system can detect the annihilation photons produced in the patient and therefore the
location of the proton beam can be established and then
related to the patient’s anatomy.
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Figure 1 Depth dose curves for photons and protons. Notice the exponential tail seen in the photon curve that results in dose deposition through the
entire patient. The proton curve shows that there is no dose deposition after the
Bragg peak.

lisions with the nucleus; (3) elastic collisions with atomic
electrons; and (4) elastic collisions with the nucleus[15].
Protons are considered heavy charged particles (opposed
to electrons or positrons, which are light). The path of
protons tends to be straight and the energy deposited (E)
along the path ds can be calculated using Eq. 1[15].
Eq. 1:

PROTON THERAPY
History
Proton therapy was first suggested by Harvard physicist
Robert Wilson in 1946[13]. Wilson went on to support
his idea by showing that proton therapy can place the
maximum radiation dose in the tumor without harming surrounding tissues. He also showed that for larger
tumors, the normally narrow Bragg peak can be spread
out using a modulator wheel. Following this publication, research on proton therapy began. In 1954, the first
proton therapy treatment was performed on a pituitary
tumor and, by 1958, proton therapy was widely accepted
as a neurosurgery tool[14].

 2m0V 2

dE 4 e 4 z 2
=
− ln (1 − 2 )− 2 
NZ
ln
2
ds
m0V
I


In this equation, the proton has charge ze, velocity V
= βc, in a medium of N atoms/cm3 and atomic number Z,
and ionizing potential I.
Eq. 1 shows that the energy of the proton is constantly decreasing as it traverses through a medium. As
the energy decreases, the amount of ionization per unit
length increases[16]. The result of this is that most of the
proton’s energy is deposited at the end of the path in a
region called the Bragg peak. The difference between
proton dose deposition and that of photons can been
seen in the depth dose profiles in Figure 1. The shape of
the Bragg peak is determined by the average ionization
per unit length I(r) as defined in Eq. 2[15].
Eq. 2:

Theory
The physics of proton energy deposition is the driving
factor for their use in radiation therapy as opposed to
photons. The depth dose curve for photons follows a
buildup region, a peak at a depth where the dose is at a
maximum, and a long tail as the depth increases as seen
in Figure 1. The shape of this curve is result of the exponential attenuation of photons in a medium[15]. Photons are indirectly ionizing radiation, that is, they must
transfer energy to other charged particles, like electrons,
which then deposit dose. Since one goal of radiation
therapy is to spare healthy tissue, the exponential tail is
undesirable because it will deposit dose in healthy tissues
after passing through the tumor. Furthermore, the depth
of the maximum dose is relatively fixed near the surface
of the patient so treating deep tumors is inefficient since
the maximum dose cannot be located on the tumor.
Protons are directly ionizing charged particles. Charged
particles deposit energy through four interactions; (1)
inelastic collisions with atomic electrons; (2) inelastic col-
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In Eq. 2, r is the distance from the source, x is the
range of an individual particle, i(x-r) is the specific ionization along the path of an individual particle at a distance (x-r) from the end of its path, and α is the range
straggling parameter.
As seen in Figure 1, the Bragg peak is the driving
force behind using protons for radiation therapy because
beyond the range of the proton, there is no more ionization and therefore no more dose deposition. In addition,
the depth of the Bragg peak is energy dependent and
therefore the location of the dose deposition can be
controlled to be directly on the tumor. The Bragg peak
can be spread out through modulation to treat larger
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tumors. The overall result of this is a higher dose to the
tumor with a reduced dose to the surrounding healthy
tissue.

Table 1 Relevant positron emitter reactions in tissue from
proton therapy
Reaction

Problems
There are several issues with proton therapy that are
currently under investigation. One of these is the lateral
penumbra that results from the spread of the beam
from proton scatterings in the modulator wheel, the aperture, the bolus, and in the patient. This causes protons
to lose energy and have trajectories that are different
than expected, widening the beam by as much as a few
millimeters[17,18].
A second issue is that the treatment planning is done
using a computed tomography (CT) scan to determine
stopping powers in the different tissues for the protons.
The CT images have pixels that are in Hounsfield units,
which can then be related to electron density in tissue.
Because of the errors in converting between Hounsfield
units and proton stopping power, the expected range
of the protons for treatment plans based on Hounsfield
units can have errors up to several mm in bone and soft
tissue[19-21].
Other uncertainties in proton therapy result from
the treatment planning. There are three methods of
treatment planning: ray-tracing, pencil beam approximation[22], and Monte Carlo simulations. The fastest is
simple ray-tracing but this is very susceptible to errors
from tissue inhomogeneities and at tissue interfaces. The
pencil beam approximation is more accurate but this
method only convolves functions that represent the incident beam and the scattering conditions so there is still
uncertainty in the result. The most accurate is a Monte
Carlo simulation, but this is extremely time consuming.
However, physical processes like nuclear fragmentation
and energy loss straggling can be ignored to reduce computation time. With the rapid advancement of computing technology, the speed may become less of an issue.
One of the most important issues is that of accurate
delivery of dose to the patient[23]. This depends both on
the delivery of the beam and monitoring the changes in
patient anatomy from motion or deformations of targets
and structures between treatments. If one can accurately
monitor the dose delivered to the patient, the dose to
the tumor and surrounding tissues can be measured
and modified, if necessary. One of the most promising
methods of dosimetry for proton therapy is to use PET
imaging to track the positron emitters created from inelastic nuclear collisions of protons with the elements in
tissues.

16

O(p, pn)15O
O(p, α)13N
14
N(p, pn)13N
12
C(p, pn)11C
14
N(p, α)11C
16
O(p, αpn)11C
16

Half life
(min)

Positron energy
(MeV)

16.79
5.66
11.44
20.61
3.22
59.64

2.037
9.965
9.965
20.390
20.390
20.390

1.72
1.19
1.19
0.96
0.96
0.96

are short lived, but the detected signal is strong enough
to be used as a method for dosimetry. Table 1 shows the
main isotopes produced by inelastic collisions of protons in tissue.
The image obtained from a PET scan after proton
therapy is essentially the negative of the dose deposited[8,10]. Because of the energy dependence of the reaction cross sections, the inelastic scattering nuclear reactions tend to occur at higher proton energies than at the
proton energies associated with the Bragg peak. Because
of this, at the Bragg peak, the concentration of the positron emitters rapidly decreases because energy deposition happens through other interactions, not inelastic
collisions. Therefore, the PET image shows activity up
to the Bragg peak and then falls off, which is extremely
important because the location of the Bragg peak can
then be determined.
Due to scatterings in the beam delivery system, patient motion, and changes in the anatomy of the patient
throughout treatment, an ideal treatment delivery can be
difficult to achieve. The activity distribution of the positron emitters seen in the PET images provides information on where the dose was actually delivered for that
particular treatment. By tracking the delivered dose from
fraction to fraction, the treatment plan can be modified
as needed to ensure the dose is delivered to the tumor.
There are two ways to acquire a PET image from
proton therapy for dosimetry. The first of these is
what is called in-beam or online PET monitoring. This
method consists of a small field-of-view dual head PET
system that is physically attached to the proton gantry
as seen in Figure 2[24]. The advantage of this approach is
that the acquisitions are performed during or very soon
after the treatment so there is minimal decay from the
short lived positron emitters. Also, the patient remains in
the treatment position so there is no anatomical shifting.
The second approach is called offline monitoring and
the patient is moved following treatment to a dedicated
PET/CT scanner. This transfer can take up to 30 min
during which many of the positron emitters have decayed
or been transported away from their original location by
the circulatory or lymphatic system in a process called
biological washout. On the other hand, the image acquired on the dedicated PET/CT scanner is easily fused
to obtain anatomical information and the sensitivity and
spatial resolution is improved. Both approaches are cur-

PET FOR PROTON THERAPY DOSIMETRY
As stated above, the rational behind using PET for
dosimetry is that as the protons enter the patient and
interact with the elements in tissue, there are inelastic
collisions that produce positron emitters. The positron
emitters are only produced in very small quantities and
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Proton

planned to account for the change in the anatomy. This
workflow was put into clinical practice and the results
were analyzed for 48 patients with tumors in the head
and neck, liver, lungs, prostate, and brain[24]. The daily
monitoring showed that reduction in the head and neck
tumors changed the dose distribution and the plans were
adjusted accordingly. It was also found that biological
washout of the positron emitters in liver cells was slower
in necrotic cells than in non-necrotic cells. Overall, this
method of daily, online monitoring of the dose distribution from proton therapy was confirmed as feasible in a
clinical environment.
Although this method shows promise for proton
therapy dosimetry, disadvantages of using the on-line
system include reduced sensitivity of the detectors, a
small field of view, and geometrical problems from the
orientation of the beam and the detectors interferes
with 3D image acquisition[26,30,31]. The reduced sensitivity
and small field of view are in relationship to a dedicated
PET system since in a dedicated system, there are essentially multiple opposed detector heads forming a ring
around the patient, increasing both sensitivity and field
of view size. Furthermore, anatomical images are not
obtained daily with the online system. Nishio mentions
that the addition of daily cone-beam CT would alleviate
this problem.

Rotating
Detector head
Moving

γ ray
Detector
head Moving
Rotating

Figure 2 Setup of the on-line positron emission tomography (PET) system
mounted on the rotating proton gantry. The proton beam direction is shown
by the red line and the direction of the detected annihilation photons is shown in
blue. (Reprinted from[24] with permission from Elsevier Limited).

rently under investigation and show promising results in
proton therapy dosimetry.
Online monitoring
Online monitoring of positron emitters for radiation
therapy was introduced in the late 1990s for carbon ion
therapy[25,26]. More recently, two groups have applied this
method to proton therapy. The first group, led by Parodi
K, focused mainly on the feasibility of this approach for
proton therapy. The investigators compared the activity
distributions of positron emitters from carbon therapy
and proton therapy[27,28]. In carbon therapy, because of
the interaction of the heavier carbon ions, spallation
products form a peak of activity very close to the actual
Bragg peak. With protons, the activity distribution is
constant as the beam enters the patient and falls off at
the Bragg peak (due to the dependence of the reaction
cross section on energy). Although it was not as easy
as using the activity peak as with carbon therapy, it was
found that there was a correlation between the 50%
level of the fall-off region and the location of the Bragg
peak. There was also good agreement with the lateral
spread of the beam. The greatest advantage of the online system was that the acquisition was performed immediately following treatment reducing both the decay
of the short lived isotopes and also the effect of biological washout.
The second group, led by Nishio T, also performed
preliminary studies with their system and found the results to be satisfactory[29]. Along with the reduced decay
and biological washout, it was found to be much easier
to perform daily PET imaging with the online system.
With this in mind, a workflow for quality assurance was
developed where a daily PET image was acquired and
compared to the initial PET image (Figure 3[24]). It was
found that as treatment progressed, the tumor would
shrink and the patient’s anatomy would change. This
change resulted in a deformation of the activity distribution from the initial plan. When this deviation in the
daily PET image was found, the patient would be re-
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Offline monitoring
As with the on-line systems, initial research using an offline PET/CT scanner following proton therapy showed
promise for clinical investigation[17,18,32,33]. The problem
faced with this method is the time required to move the
patient from the treatment room to the PET/CT scanner resulting in time for decay causing loss of signal,
biological washout, and anatomical motion, depending
on the treatment site. The loss in signal from decay is
partially offset by the high sensitivity and spatial resolution of new PET/CT systems and that the field-ofview is much larger. Another advantage of the PET/CT
scanner is the ease of fusing anatomical information to
the activity image. Performing a full CT scan before the
PET scan allows for accurate attenuation corrections
and a co-registered image to be used with the PET scan.
Three clinical studies have recently been completed
using the offline approach for dosimetry[34-36]. The group
led by Nishio T studied about 20 patients undergoing
proton therapy to the brain, head and neck, liver, lungs,
and sacrum. One focus of this study was the effect of
the biological washout of the positron emitters during
the time it took to transport the patient to the PET/CT
scanner. This motivation was spurred by the group’s
research into the on-line PET method. Upon visual inspection of the activity images following treatment of
the different sites, it was found that activity conformed
well to the planned treatment area (treatment depth and
lateral spread). The highest activity was found in adipose
tissue and in bone. To quantify this observation, three
points were taken for each site of interest, one in the
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If comparing result
is "different"
Comparing

Ninth day
Comparing
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Figure 3 Flow diagram of the procedure for the clinical use of an on-line PET system (Reprinted from[24] with permission from Elsevier Limited).

soft tissue (or tumor), one in the adipose tissue, and one
in the bone tissue. The measured activity was compared
to both a calculated activity based on tissue composition,
decay, and biological washout effects, and to a simulation
of the activity that would be obtained with an on-line
system immediately following treatment. Results showed
good agreement between the measured and calculated
activity in soft tissue, an increase of two to four in the
calculated adipose tissue activity, and an increase of two
times the activity in bone. The increase in activity was
believed to be a result of inaccurate attenuation cor-
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rections for the adipose tissue near the surface and the
increase in bone tissue was believed to be from inaccuracies in the Ca-40 fragmentation cross section. The simulation of using an on-line system showed losses in activity intensity from transportation to the offline system of
up to 75%, depending on the type of tissue. Also, it was
found that the effect of biological washout was lower
than the previously estimated 50%-65%, although the
overall effect was not quantified[37,38].
The study led by Parodi K took nine patients with different types of head and neck cancers and used a PET/
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Figure 4 Top: Treatment plan (TP) and Monte
Carlo (MC) dose for a patient with pituitary adenoma
receiving two orthogonal fields. Bottom: Measured
and Monte Carlo PET images. Delay times from the
beginning of imaging were about 26 and 18 min from
the end of the first and second field applications, respectively. Range of color wash is from blue (minimum)
to red (maximum) (Reprinted from[34] with permission
from Elsevier Limited).
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CT system to verify the dose to the patient with the motivation that an on-line system can only be used for a visual
inspection of dose deposition since the activity is not
directly proportional to the dose. In this study, the measured activity from the offline PET scan was compared
to the expected activity distribution calculated using the
FLUKA Monte Carlo code accounting for biological
decay and image formation[39]. The results from a patient
with a pituitary adenoma can be seen in Figure 4[34]. With
this method, range monitoring of proton depth was accurate to within 2 mm. As with the study by T. Nishio,
the biological washout in different tissues was also examined. It was found that there was reduced biological
decay in adipose tissue and bone and increased perfusion
throughout the muscle and brain. Overall, this method
was shown to be feasible for clinical in vivo dosimetry
following proton therapy and it was suggested that new
technology such as time-of-flight PET and new filtering
methods to account for activity distributions over time
could further improve this technique[40,41].
The final study led by Hsi W and Indelicato D acquired
50 PET/CT imaging studies on 10 different prostate
cancer patients[36]. Instead of trying to quantify the dose
delivered, this study defined the activity seen in the pelvic bone as the PET-defined beam path and compared
this to the marker-defined beam path, which was calculated from seeds implanted in the prostate. The pelvic
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bone was chosen as the anatomical landmark to reduce
the activity inhomogeneities seen in other tissues. The
goal was to determine if the margins (4 mm axial, 6 mm
superior and inferior perpendicular to the beam path, 7
mm proximal to the beam path, and 5 mm distal to the
beam path) used for treatment were sufficient to account
for prostate motion throughout treatment. The deviations between the PET-defined path and the markerdefined path were analyzed for these 10 patients. The
images from one patient are seen in Figure 5[36]. Results
of this study showed that with the proper immobilization device, less than 2° of angular rotation was seen for
all patients. The motion of the prostate was also traced
in the superior-inferior direction and in the anterior-posterior direction. It was found that for 30 of the 50 cases,
motion in both of those directions was less than 6 mm,
meaning that the planning margins were sufficient. For
the other 20 cases, 13 of these were considered motionafter-treatment cases where large volumes of rectal gas
caused prostate motion of more than 6 mm in any direction. The final seven cases were deemed position-error
cases which showed no misalignment but the prostate
moved more than 6 mm. These cases showed that there
was either an error in positioning the patient or the prostate moved after positioning but before the proton beam
was turned on.
This study demonstrated that the accepted clinical
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Figure 5 Registered PET images are shown in the axial and coronal views
through the prostate. The PET images are fused with the planning computed
tomography (CT). The CAX is the central beam axis. The field edge is only
extended to the isocenter as provided by the TPS. The isocenter in the lateral
direction was set to be the location of the marker-defined path. Good alignment
between the field edge and the outer surface of the emitter distribution suggests
that no prostate motion occurred after proton beam delivery (Reprinted from[36]
with permission from Medical Physics).
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margins for treating prostate cancer are sufficient for
86% of the patients. Using this method, the patients
with insufficient margins would be noticed during treatment and the margins could be adjusted to account for
the extra prostate motion. Again, as with the other studies, offline PET/CT was shown to be a feasible option
for proton therapy dosimetry.
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CONCLUSION
What method is better, online or offline PET imaging for
proton therapy dosimetry? Does the ability to obtain daily activity images in the treatment position outweigh the
lack of anatomical data and the smaller field-of-view or
is it better to have a good fusion of anatomy and activity with a reduced signal and the possibility of anatomical motion as the patient is transported to the PET/CT
scanner? As research progresses into each of these methods, one might develop imaging devices that combine the
advantages of both methods. Overall, PET imaging is a
robust method for determining the dose to the patient
from proton therapy in a noninvasive manner.
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CASE REPORT

Caseous mitral annular calcifications: Multimodality imaging
characteristics
Jabi Shriki, Christine Rongey, Bobby Ghosh, Samuel Daneshvar, Patrick M Colletti, Ali Farvid, Alison Wilcox
ing. In all three patients, the appearances posed a
diagnostic dilemma. The appearance of caseous MAC
is dissimilar to non-caseous MAC and is usually seen
as an ovoid, mass-like structure, with homogeneous
hyperattenuation, representing a liquefied form of
calcium and proteinaceous fluid. This homogeneous
center is surrounded by peripheral, shell-like calcifications. Caseous MAC is likely an under-recognized entity
and may present a diagnostic dilemma at CT, magnetic
resonance imaging, or echocardiography.
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Abstract
The authors report herein a series of 3 patients with
caseous mitral annular calcifications (MAC). One of the
patients presented with mass-like, caseous MAC as an
incidental finding on a staging computed tomography
(CT) for metastatic colorectal carcinoma. Another patient presented with a nodule on a chest radiograph,
which was later found on CT to be due to caseous
MAC. In the third patient, caseous MAC was initially
detected on echocardiography, and was further evaluated with CT and cardiac magnetic resonance imag-
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INTRODUCTION
Mitral annular calcification (MAC) is a commonly encountered phenomenon, and is one of the most common findings in the heart in autopsy series[1]. A variant
of this entity is caseous MAC, in which an ovoid, focal
mass is found with internal, caseous fluid-like calcifications and debris[2]. Caseous MAC contains a mixture
of calcium, salts, fatty acids, and cholesterol and results
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in a soft mass in the mitral annulus[3]. Although caseous MAC can be definitively diagnosed by its imaging
features and by its classic location, it may present a
diagnostic dilemma. Several reports have described the
misdiagnosis of caseous MAC as a cardiac neoplasm or
as an abscess, resulting in unnecessary surgery[4-6].
Herein, we report 3 patients in whom a diagnosis of
caseous MAC was ultimately made. These cases and the
associated images demonstrate the characteristic appearance of caseous MAC, and the features of this entity
that differentiate it from other cardiac masses which it
may mimic.

A

B

CASE REPORT
Case 1
A 63-year-old male with a T3N2M0 sigmoid cancer underwent surgical resection and subsequent post-operative
chemotherapy. The patient had a series of non-cardiac,
non-gated contrast-enhanced computed tomography
(CT) scans of his chest, abdomen, and pelvis performed
for staging of his sigmoid cancer. During the patient’s
third restaging CT scan, an ovoid structure was detected
at the aorto-atrial septum (Figure 1). Review of the two
prior restaging CT studies in this patient also showed
this finding to be present, upon retrospective evaluation.
The mass had central, homogeneous hyperattenuation,
liquefied calcium, with a shell-like, peripheral, calcified
rim. This mass was noted to be present and stable on
two subsequent CT scans. A presumptive diagnosis of
caseous MAC was made. Because of the characteristic
appearance of the mass, further diagnostic studies were
not pursued.

Figure 1 Transverse, non-gated, post-contrast CT images at a level through
the heart with mediastinal (A) and bone (B) windows and level settings
shown (kVp = 120, mAs = 214, DFOV = 314 mm). Caseous mitral annular
calcifications are noted in the aorto-atrial septum (arrows). On the mediastinal
window and level settings, the mass shows homogeneous hyperattenuation
which cannot be differentiated from other calcific structures. When the window
and level settings are adjusted, there is a rim of peripheral calcification with
central, homogeneous hyperattenuation. This mass was stable in comparison to
CT scans before and after this study (not shown).

Case 2
This patient was an 84-year-old Hispanic female admitted to the hospital for nausea and vomiting, with a history of Type Ⅱ diabetes mellitus, dyslipidemia, hypertension, peripheral vascular disease, dementia, asthma, and
hypothyroidism. She also had a long-standing history of
dyspnea on exertion. On cardiac exam, the patient had
an S4 gallop and a grade 4/6 systolic murmur at the left
sternal border. The admission chest radiograph showed
a 2.5 cm nodule overlying the cardiac silhouette, which
was initially incorrectly interpreted as being within the
lung (Figure 2). Echocardiogram (Figure 3) showed mild
enlargement of the left atrium, and mild concentric
hypertrophy of the left ventricle with normal function.
The mitral valve annulus on echocardiogram showed
an ovoid mass which was peripherally echogenic and
centrally less so. The echocardiogram also demonstrated
mild mitral regurgitation. To further clarify the nature
of the potential lung nodule, the patient had a chest CT
scan with contrast (Figure 4). From review of the CT
scan and correlation with prior chest radiographs, it was
concluded that caseous MAC were present and the likely
reason for the radiographically apparent nodule.
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Figure 2 P-A (left) and lateral (right) views of the chest demonstrate an
ovoid nodule overlying the cardiac silhouette on both views (arrows). This
was misinterpreted as a possible pulmonary nodule. On plain radiography, its
nature is difficult to delineate.

Case 3
An 82-year-old male presented with mild, progressive
dyspnea on exertion. A chest radiograph performed at
an outside institution was unavailable, but was unremarkable by report. An echocardiogram, also performed at an
outside institution, by report demonstrated a hypoechoic
mass along the posterior annulus with some echogenic
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A

B

A

Figure 3 Slightly oblique four-chamber (A) and two-chamber (B) still frame
images are obtained from an echocardiogram. These views demonstrate
a mass along the mitral annulus (white arrows). The caseous mitral annular
calcifications are seen as an ovoid mass. A difference between the relatively
echolucent center and the more echogenic periphery of this structure is
perceptible. This is consistent with the centrally liquefied calcium and the
peripheral more dense calcium observed on other modalities.

B

components, which was felt to represent a possible myxoma with calcifications. Cardiac magnetic resonance imaging (CMR) was performed. Cine balanced steady state
free precession sequences demonstrated focal prominence of the posterolateral wall of the left ventricle.
Further sequences demonstrated an ovoid mass with low
signal on T2, but bright signal on T1 (Figure 5). Closer
inspection revealed a subtle rim of dark signal on SSFP
sequences, likely representing shell-like, peripheral calcifications. Caseous MAC were included among differential
considerations. A CT scan of the chest was subsequently
performed without contrast and demonstrated the typical
appearance of caseous MAC (Figure 5).

Figure 4 Transverse, non-gated, post-contrast CT images at a level
through the heart are shown with mediastinal (A) and bone (B) windows
and level settings (kVp = 120, mAs = 220, DFOV = 310 mm). An ovoid mass
of caseous mitral annular calcifications is seen high along the posterior portion
of the mitral annular leaflet (white arrows). Although there is motion artifact,
there is differing attenuation between the calcific rim of this structure (white
arrowhead) and the central homogeneous liquefied calcium, which is slightly
less hyperattenuating (black arrowhead). This difference is seen on the bone
window image (B), but is not demonstrable on the mediastinal window/level
settings (A). Based on correlation with the scout view (not shown), this was felt
to be the cause of the nodule seen on plain radiography (Figure 3).

DISCUSSION
Calcification of the mitral annulus is usually considered
an idiopathic, degenerative condition of the mitral annulus, occurring most commonly in older, female patients[7].
This condition is characterized by the development of
coarse calcifications along the mitral annulus, and is seldom associated with other signs of mitral valve disease[8].
Rarely, MAC have also been described in patients with
Marfan’s Syndrome[9], and in Barlow’s Disease, a disease
of MAC and severe mitral valve prolapse[10].
Several studies have demonstrated that although commonly seen in asymptomatic patients, MAC may be a risk
factor for more significant cardiovascular pathology. For
example, MAC have been associated with conduction
abnormalities[8], including atrial fibrillation[11], and with
other cardiovascular diseases including coronary artery
disease[12], and stroke risk[13]. In one study, the presence
of MAC was associated with a two-fold increase in the
risk of stroke, even in the absence of other risk factors[14].
This risk and other risks associated with MAC remain
somewhat controversial, however[15].
MAC should be differentiated from calcifications
within the mitral valve itself, which are usually related to
significant mitral valve pathology and dysfunction, and
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are commonly seen in rheumatic heart disease. Valvular
calcifications only extend to the annulus in end-stage or
in severe rheumatic disease[16]. Unlike valvular calcifications, annular calcifications are more common and are
more seldom associated with significant mitral valvular
dysfunction, although when severe, MAC may in some
cases be associated with mitral regurgitation[2,17,18]. To our
knowledge, no studies have been conducted thus far to
ascertain the clinical significance of caseous MAC specifically or differentiate the implications of caseous from
non-caseous MAC.
Although MAC are encountered commonly, especially
in the imaging of older patients, the liquefaction of MAC
is an uncommon entity, and has been reported to occur in only approximately 0.6% of patients with MAC[2].
Caseous MAC are also rarely reported in the literature.
The largest series to date of patients with caseous MAC
includes 18 patients[19]. However, a large autopsy series
reported an incidence of 2.7% of caseous MAC, suggesting that this entity may be under-recognized[1].
The distinction between MAC and caseous MAC can
be made by the different imaging features of these entities. When these calcifications liquefy and become case-
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Figure 5 A non-contrast CT image (kVp = 120, mAs = 214,
DFOV = 322 mm) (A) performed after the cardiac MRI demonstrates again, a homogeneously hyperattenuating structure in the posterolateral mitral annulus (white arrow) with
a shell of calcification (black arrow). This corresponded with
a T1 hyperintense structure in the region of the mitral annulus
(B) (TR = 5.28, TE = 2.55, FA = 12). On a screen capture from
a cine balanced steady state free precession sequence, the
mass shows low T2 signal (C) (TR = 3.19, TE = 1.15, FA = 40),
although the shell of calcification around the mass is slightly
lower in T2 intensity than the central portion of the mass (white
arrowhead). A short axis, delayed enhancement, inversion recovery image (D) (TR = 4.39, TE = 1.26, FA = 13) shows central
low signal intensity as well, although there is some peripheral
delayed enhancement around the mass (dashed arrow).

C

Figure 6 In a different patient, not described herein, the more characteristic appearance of mitral annular calcifications is demonstrated (arrows). These are
seen on the P-A view (A), with window and level settings adjusted to better visualize the mitral annular calcifications. The typical C-shape of the mitral annular calcifications
is also demonstrated on the lateral view (B) and on a non-contrast CT image through the level of the heart (C) (kVp = 120, mAs = 212, DFOV = 310 mm). Note the
difference between the chunky, coarse, C-shaped calcifications seen in this patient and the ovoid, mass-like calcifications with liquefied calcium that we describe.

ous, they have a more ovoid, mass-like appearance than
non-caseous MAC. Whereas MAC seldom mimic a mass,
caseous MAC are more focal, may be tumefactive, and
should be included in differential diagnostic considerations of an intracardiac mass[20]. This entity is however,
easily differentiated from other cardiac masses by the
baseline, precontrast hyperattenuation on CT, without
enhancement. As we report, the MRI characteristics are
consistent with that of proteinaceous fluid. Identification of the shell of calcium, and classic localization
in the mitral annulus are other classic features of this
process. MAC typically have a coarse nature and form
a C-shape around the mitral valve (Figure 6). These are
most prominent along the posterolateral aspect of the
mitral annulus. In contradistinction, caseous MAC have
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a more homogeneous attenuation, and are slightly less
hyperattenuating than the non-liquefied state of calcium.
This subtle difference in attenuation is usually masked
on typical window and level settings employed for mediastinal settings. The caseous nature of MAC is however,
better recognized on “bone windows”. This is elucidated
in the first two patients presented. There is usually a shell
of peripheral calcifications around the central homogeneous hyperattenuation, which was visible in all three of
the cases presented in this study. Grossly, the caseous
material found in this entity is described as toothpastelike material[21].
On MRI, calcium is generally low in signal on all sequences. However, the calcium salts and proteinaceous
fluid in caseous MAC can generate high signal on T1
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non-contrast sequences, which was seen on the CMR of
the third patient we presented (Figure 5). Precontrast T1
weighted sequences are helpful in demonstrating the distinction between MAC which have low signal on T1, and
caseous MAC which demonstrate high signal on T1. Liquefied calcium is low in T2 signal intensity. The T2 gated
sequences in our patient showed decreased signal. Low
signal was also seen on the cine SSFP sequences. In our
patient, the calcified shell seen also demonstrated lower
signal intensity than the rest of the mass of caseous
MAC on cine SSFP. Delayed contrast enhancement has
been reported along the periphery of caseous MAC[22].
This feature was noted in the third case presentation discussed above (Figure 5D).
The authors postulate that caseous MAC might be
more common than usually recognized. This is supported by the presentations of the patients we have
described. In the case of the first patient, the abnormality was present on two previous CT scans of the chest.
In the second patient, the presence of caseous MAC
initially was a diagnostic dilemma, but was recognized
when the study was compared with a prior chest radiograph. These cases show that caseous MAC are not a
commonly recognized entity.
Caseous MAC may mimic cardiac masses, but have
a characteristic appearance which allows differentiation
from more commonly encountered, non-caseous MAC.
Although the presence of caseous MAC may pose a diagnostic dilemma, familiarity with the entity enables accurate diagnosis.
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INTRODUCTION

Abstract

Brain metastases are usually seen as a late complication
of advanced breast cancer, for which most available treatment options are generally unsatisfactory. Whole brain
radiotherapy (WBRT) provides effective but short-term
palliation, improving survival by about 6 mo and quality
of life with radiologic response in up to 60% of cases[1,2].
It was suggested that selected subgroups of patients may
benefit from more aggressive local treatment of their
intracranial disease with surgery or radiosurgery with or
without WBRT [2,3]. Providing a potential alternative to
conventional stereotactic frame systems for precision
radiotherapy, helical tomotherapy (HT) combines intensity modulated fan-beam radiotherapy with megavoltage
computed tomography imaging for patient positioning.
Its availability has recently opened new fields of exploration for radiation therapy due to its ability to tailor very
sharp dose distributions around the target volumes[4-9].
Here we report the use of HT with synchronous boost in
a breast cancer patient with multiple brain metastases.

Whole brain radiotherapy (WBRT) remains the standard
management of breast cancer patients with brain metastases, allowing for symptomatic improvement and
good local control in most patients. However, its results
remain suboptimal in terms of both efficacy and toxicity.
In highly selected breast cancer patients, stereotaxic
radiotherapy demonstrates a very good local control
with a low toxicity. With the purpose of improving the
efficacy/toxicity ratio, we report the association of integrated boost with WBRT in a breast cancer patient with
brain metastases. Two and a half years after completion
of helical tomotherapy (HT), the patient experienced
clinical and radiological complete remission of her brain
disease. No delayed toxicity occurred and the patient
kept her hair without need of radiosurgical procedure.
The HT provided a high dosimetric homogeneity, delivering integrated radiation boosts, and avoiding critical
structures involved in long-term neurological toxicity. Further assessment is required and recruitment of
breast cancer patients into clinical trials is encouraged.

CASE REPORT

© 2010 Baishideng. All rights reserved.

In October 2007, a 40-year-old female presented with
multiple brain metastases from breast cancer measuring
17 mm in greatest dimension, discovered at systemic

Key words: Brain metastases; Radiotherapy; Breast
cancer; Tomotherapy
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magnetic resonance imaging (Figure 1A). She had a history of infiltrative ductal carcinoma with lymph nodes,
bone, and lung metastases treated since 2005. She received
only one systemic regimen used for brain metastases
(vinorelbine) prior to radiotherapy. The patient refused
to accept the long period hair lost.
The patient was deferred for HT, delivering 30 Gy
using 6 MV photons, at 3 Gy per daily fraction, in the
whole brain for 14 d, concurrently with vinorebine.
The only acute toxicity observed was nausea. Integrated
synchronous boost treatments were used, in order to deliver 36 Gy in the growth tumoral volumes (Figure 1B).
The dose delivered to the scalp was less than 15 Gy. Six
months after HT, the metastases were stable in size, with
intra-tumoral necrosis and rounded with an edema that
accurately drew the shape of isodoses (Figure 1B). The
dose volume histograms are given in Figure 2.
Two and a half years after completion of HT, the
patient experienced clinical and radiological complete
remission of her brain disease. No delayed toxicity occurred and the patient kept her hair without need of
radiosurgical procedure.

DISCUSSION
Since the progress of systemic regimens allowed for a
prolonged survival time of some patients with metastatic
breast cancer[2], it has become an ordinate challenge for
radiation oncologists to make an attempt to reduce the
radiation-induced toxicity of WBRT, including progressive neurocognitive disorders. Highly conformational
HT allows for efficient target coverage and critical organs sparing, including the scalp. A recent assessment of
HT for metastatic brain tumors has suggested comparable normal tissue sparing and target coverage compared
with other precision radiotherapy techniques[5]. With HT,
multiple targets can be easily treated at different dose
levels in the course of rotational delivery[1]. This specificity allows for integrated synchronous boost treatments
that may be efficiently used to increase the radiation
dose delivered to the brain metastases, thus preserving
the patient quality of life.
Our patient well tolerated the radiotherapy without
any early toxicity. Two and a half years after the treat-
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Figure 2 Dose-volume histograms and dose distribution.

ment, the patient was still alive at the time when we
wrote this paper, without any sequels associated with
radiotherapy treatment.
The association of chemotherapy permitted the continuing systemic treatment during the radiotherapy. We
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have already published our experience with concurrent radiotherapy - Xeloda regimen[2], as well as vinorelbine-5FUradiotherapy for breast cancer patients. These regimens
were well tolerated without any alopecia and adapted to
the patient’s desires.
In conclusion, the doses of HT used in brain tissue
are significantly lower than those of conventional WBRT.
Moreover, HT may contribute to the prevention of definitive alopecia which is a universal complication of WBRT,
and to patient anxiety over treatment. This is an acceptable treatment option in such patients.
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Clinical Osteoporosis 2010: An
ISCD-NOF Symposium

February 21-27
Snowmass, CO, United States
16th Annual Snowmass 2010:
Clinical Ultrasound

March 11-13
Barcelona, Spain
EORTC Group Meeting: EORTC
Radiation Oncology Group

February 22-26
Bethesda, MD, United States
48th Annual Dr. Kenneth M. Earle
Memorial Neuropathology Review

March 11-13
Hannover, Germany
40. Kongress der Deutschen
Gesellschaft für Endoskopie und
Bildgebende Verfahren e.V.

January 25-29
Maui, HI, United States
Musculoskeletal & Neuroradiology
MR Imaging Update in Maui

February 24-27
Lake Buena Vista, FL, United States
ACRO 2010 American College of
Radiation Oncology Symposium:
Clinical Radiation Oncology
Challenges

January 27-February 2
Albuquerque, NM, United States
2010 SNM Conjoint Mid-Winter
Meetings

February 25-27
Chandler, AZ, United States
Multidisciplinary Head and Neck
Cancer Symposium

March 14-17
Park City, UT, United States
14th Annual Park City 2010: MRI in
Clinical Practice

January 29-30
Barcelona, Spain
7th European Congress: Perspectives
in Gynecologic Oncology

February 26-27
Brussels, Belgium
10èmes Mises au Point en Imagerie
Ostéo-Articulaire

March 22-26
Beaver Creek, CO, United States
NYU Radiology Spring Skiing
Symposium in Beaver Creek

February 7-12
Vail, CO, United States
15th Annual Vail 2010: Multislice CT
in Clinical Practice

February 27-March 1
Cairo, Egypt
7th Gastroenterology Hepatology &
Endoscopy Symposium

March 22-26
Maui, HI, United States
18th Annual Spring Diagnostic
Imaging Update
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September 8-12
Guangzhou, China
Chinese Society of Interventional
Radiology, 2010 CSIR

March 13-18
Tampa, FL, United states
Society of interventional radiology
35th Annual Scientific Meeting
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articles have novel arguments or viewpoints, solid evidence
and correct conclusion; and (4) Maximization of the benefits
of employees: It is an iron law that a first-class journal is
unable to exist without first-class editors, and only first-class
editors can create a first-class academic journal. We insist on
strengthening our team cultivation and construction so that
every employee, in an open, fair and transparent environment,
could contribute their wisdom to edit and publish high-quality
articles, thereby realizing the maximization of the personal
benefits of editorial board members, authors and readers, and
yielding the greatest social and economic benefits.
The major task of WJR is to rapidly report the most recent
improvement in the research of medical imaging and radiation
therapy by the radiologists. WJR accepts papers on the following
aspects related to radiology: Abdominal radiology, women
health radiology, cardiovascular radiology, chest radiology,
genitourinary radiology, neuroradiology, head and neck
radiology, interventional radiology, musculoskeletal 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.
The columns in the issues of WJR will include: (1) Editorial:
To introduce and comment on major advances and develop
ments 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 commentary on common
issues of this hot topic, and (C) a commentary on the 10
individual articles; (4) Observation: To update the development
of old and new questions, highlight unsolved problems, and
provide strategies on how to solve the questions; (5) Guidelines
for Basic Research: To provide guidelines for basic research; (6)
Guidelines 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 radiology; (10) Case Report:
To report a rare or typical case; (11) Letters to the Editor:
To discuss and make reply to the contributions published in
WJR, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment
on quality monographs of radiology; and (13) Guidelines: To
introduce consensuses and guidelines reached by international
and national academic authorities worldwide on the research in
radiology.

Instructions to authors
GENERAL INFORMATION

World Journal of Radiology (World J Radiol, WJR, online ISSN
1949-8470, DOI: 10.4329), is a monthly, open-access (OA),
peer-reviewed journal supported by an editorial board of 307
experts in Radiology from 39 countries.
The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle that
traditional journals possess and usually delays the speed of the
propagation and communication of scientific research results.
The open access model has been proven to be a true approach
that may achieve the ultimate goal of the journals, i.e. the
maximization of the value to the readers, authors and society.
The role of academic journals is to exhibit the scientific
levels of a country, a university, a center, a department, and
even a scientist, and build an important bridge for com
munication between scientists and the public. As we all know,
the significance of the publication of scientific articles lies not
only in disseminating and communicating innovative scientific
achievements and academic views, as well as promoting the
application of scientific achievements, but also in formally
recognizing the “priority” and “copyright” of innovative
achievements published, as well as evaluating research
performance and academic levels. So, to realize these desired
attributes of WJR and create a well-recognized journal, the
following four types of personal benefits should be maximized.
The maximization of personal benefits refers to the pursuit of
the maximum personal benefits in a well-considered optimal
manner without violation of the laws, ethical rules and the
benefits of others. (1) Maximization of the benefits of editorial
board members: The primary task of editorial board members
is to give a peer review of an unpublished scientific article via
online office system to evaluate its innovativeness, scientific
and practical values and determine whether it should be
published or not. During peer review, editorial board members
can also obtain cutting-edge information in that field at first
hand. As leaders in their field, they have priority to be invited
to write articles and publish commentary articles. We will put
peer reviewers’ names and affiliations along with the article
they reviewed in the journal to acknowledge their contribution;
(2) Maximization of the benefits of authors: Since WJR is an
open-access journal, readers around the world can immediately
download and read, free of charge, high-quality, peer-reviewed
articles from WJR official website, thereby realizing the goals
and significance of the communication between authors
and peers as well as public reading; (3) Maximization of the
benefits of readers: Readers can read or use, free of charge,
high-quality peer-reviewed articles without any limits, and
cite the arguments, viewpoints, concepts, theories, methods,
results, conclusion or facts and data of pertinent literature so
as to validate the innovativeness, scientific and practical values
of their own research achievements, thus ensuring that their
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Instructions to authors

Journal Editors, based on (1) substantial contributions to
conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it
critically for important intellectual content; and (3) final approval
of the version to be published. Authors should meet conditions 1,
2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher
are responsible for the opinions expressed by contributors.
Manuscripts formally accepted for publication become the
permanent property of Beijing Baishideng BioMed Scientifc
Co., Ltd., 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 International
Committee of Medical Journal Editors to refuse to publish
papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now
available, to our knowledge, is http://www. clinicaltrials.gov
sponsored by the United States National Library of Medicine
and we encourage all potential contributors to register with it.
However, in the case that other registers become available
you will be duly notified. A letter of recommendation from
each author’s organization should be provided with the contri
buted article to ensure the privacy and secrecy of research is
protected.
Authors should retain one copy of the text, tables, photo
graphs 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.

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 author may be represented from two
institutions, for example, George Sgourakis, Department of
General, Visceral, and Transplantation Surgery, Essen 45122,
Germany; George Sgourakis, 2nd Surgical Department,
Korgialenio-Benakio Red Cross Hospital, Athens 15451,
Greece
Author contributions: The format of this section should
be: Author contributions: Wang CL and Liang L contributed
equally to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong
F and Wu XM designed the research; Wang CL, Zou CC,
Hong F and Wu XM performed the research; Xue JZ and Lu
JR contributed new reagents/analytic tools; Wang CL, Liang L
and Fu JF analyzed the data; and Wang CL, Liang L and Fu JF
wrote the paper.
Supportive foundations: The complete name and number of
supportive 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, affiliation, 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, University of California, Box 0538,
San Francisco, CA 94143, United States. montgomery.bissell@
ucsf.edu

Online submissions
Manuscripts should be submitted through the Online
Submission System at: http://www.wjgnet.com/19498470office. Authors are highly recommended to consult the
ONLINE INSTRUCTIONS TO AUTHORS (http://www.
wjg net.com/1949-8470/g _ info_ 2010 0316162358.ht m)
before attempting to submit online. For assistance, authors
encountering problems with the Online Submission System may
send an email describing the problem to wjr@wjgnet.com, or
by telephone: +86-10-59080036. If you submit your manuscript
online, do not make a postal contribution. Repeated online
submission for the same manuscript is strictly prohibited.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in
WJR, reviewers of accepted manuscripts will be announced
by publishing the name, title/position and institution of the
reviewer in the footnote accompanying the printed article. For
example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute
of Digestive Disease, Shanghai, Affiliated Renji Hospital,
Medical Faculty, Shanghai Jiaotong University, 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 University, Chengdu,
Sichuan Province, China.

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 margins. Style should conform to our house format.
Required information 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
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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 values where appropriate and must
provide relevant data to illustrate how they were obtained, e.g.
6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no
more than 26 words).

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and
d
P < 0.01 are used. A third series of P values can be expressed
as eP < 0.05 and fP < 0.01. Other notes in tables or under
illustrations should be expressed as 1F, 2F, 3F; 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 ●, ○, ■, □, ▲, △, etc., in a certain
sequence.
Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/
or illustrations.

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

REFERENCES

Text
For articles of these sections, original articles, rapid communi
cation and case reports, the main text should be structured into
the following sections: INTRODUCTION, MATERIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in
the main text or in Figures and Tables, but not in both. The
main text format of these sections, editorial, topic highlight,
case report, letters to the editors, can be found at: http://www.
wjgnet.com/1949-8470/g_info_20100313183720.htm.

Coding system
The author should number the references in Arabic numerals
according 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[1,2]”.
If references are cited directly in the text, they should be put
together within the text, for example, “From references[19,22-24],
we know that...”
When the authors write the references, please ensure that
the order in text is the same as in the references section, and
also ensure the spelling accuracy of the first author’s name. Do
not list the same citation twice.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
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 Illustrator
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.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the
legend rather than on the bar itself. File names should identify
the figure and panel. Avoid layering type directly over shaded or
textured areas. Please use uniform legends for the same subjects.
For example: Figure 1 Pathological changes in atrophic gastritis
after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is
our principle to publish high resolution-figures for the printed
and E-versions.

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/SimpleTextQuery/, 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 boldfaced letters. The family name of all authors should be typed
with the initial 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].

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.
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Style for book references
Authors: the name of the first author should be typed in boldfaced 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.
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Format
Journals
English journal article (list all authors and include the PMID where
applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where
applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with
impaired glucose tolerance. Hypertension 2002; 40: 679-686
[PMID: 12411462 PMCID:2516377 DOI:10.1161/01.
HYP.0000035706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar
RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail.
BMJ 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: S93-99 [PMID:
12028325 DOI:10.1046/j.1526-4610.42.s2.7.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:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

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 com
putational effort statistic for genetic programming. In:
Foster JA, Lutton E, Miller J, Ryan C, Tettamanzi AG,
editors. Genetic programming. EuroGP 2002: Proceedings
of the 5th European 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 dis
eases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http//
www.cdc.gov/ncidod/EID/eid.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assi
gnee. 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 t test as t (in italics), F test as F (in italics), chi square
test as χ2 (in Greek), related coefficient as r (in italics), degree
of freedom as υ (in Greek), sample number as n (in italics),
and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation)
= 96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1
mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23 243 641.
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 abbreviated 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.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
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Italics
Quantities: t time or temperature, c concentration, A area, l
length, m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
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Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1949-8470/g_info_20100313185522.htm.

Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

RE-SUBMISSION OF THE REVISED PAPER

Responses to reviewers
Please revise your article according to the comments/sugg
estions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1949-8470/g_info_20100313185358.htm.

Please revise your article according to the revision policies
of WJR. The revised version including manuscript and highresolution image 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
via email.

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

Editorial Office
World Journal of Radiology
Editorial Department: Room 903, Building D,
Ocean International Center,
No. 62 Dongsihuan Zhonglu,
Chaoyang District, Beijing 100025, China
E-mail: wjr@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-59080036
Fax: +86-10-85381893

Science news releases
Authors of accepted manuscripts are suggested to write a
science news item to promote their articles. The news will be
released rapidly at EurekAlert/AAAS (http://www.eurekalert.
org). The title 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.

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 language polishing; (3) Grade C: a great deal of
language polishing needed; and (4) Grade D: rejected. Revised
articles should reach Grade A or B.
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Publication fee
Authors of accepted articles must pay a publication fee.
EDITORIAL, TOPIC HIGHLIGHTS, BOOK REVIEWS
and LETTERS TO THE EDITOR are published free of
charge.
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