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Abstract
The concept of magnetic resonance perfusion-diffusion 
mismatch (PDM) provides a practical and approximate 
measure of the tissue at risk and has been increasingly 
applied for the evaluation of hyperacute and acute 
stroke in animals and patients. Recent studies demon-
strated that PDM does not optimally define the ischemic 
penumbra; because early abnormality on diffusion-wei
ghted imaging overestimates the infarct core by includ-
ing part of the penumbra, and the abnormality on per-
fusion weighted imaging overestimates the penumbra 
by including regions of benign oligemia. To overcome 
these limitations, many efforts have been made to op-
timize conventional PDM. Various alternatives beyond 
the PDM concept are under investigation in order to 
better define the penumbra. The PDM theory has been 
applied in ischemic stroke for at least three purposes: 
to be used as a practical selection tool for stroke treat-
ment; to test the hypothesis that patients with PDM 
pattern will benefit from treatment, while those without 
mismatch pattern will not; to be a surrogate measure 

for stroke outcome. The main patterns of PDM and its 
relation with clinical outcomes were also briefly review­
ed. The conclusion was that patients with PDM docu-
mented more reperfusion, reduced infarct growth and 
better clinical outcomes compared to patients without 
PDM, but it was not yet clear that thrombolytic therapy 
is beneficial when patients were selected on PDM. 
Studies based on a larger cohort are currently under 
investigation to further validate the PDM hypothesis.

© 2012 Baishideng. All rights reserved.

Key words: Diffusion; Ischemic; Magnetic resonance 
imaging; Mismatch; Penumbra; Perfusion; Stroke

Peer reviewer: Rivka R Colen, Dr., Department of Radiology, 
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Chen F, Ni YC. Magnetic resonance diffusion-perfusion mis­
match in acute ischemic stroke: An update. World J Radiol 
2012; 4(3): 63-74  Available from: URL: http://www.wjg­
net.com/1949-8470/full/v4/i3/63.htm  DOI: http://dx.doi.
org/10.4329/wjr.v4.i3.63

INTRODUCTION
The concept of  ischemic penumbra was originally intro-
duced by Astrup et al[1] in 1981, and was defined as an 
area of  reduced cerebral blood flow (CBF) with electrical 
failure but preserved ion homeostasis and transmembrane 
electrical potentials. Since then, some other definitions 
for the ischemic penumbra have been proposed based on 
energy metabolism, CBF thresholds and protein synthe-
sis[2]. Because the target of  thrombolytic therapy in acute 
stroke is the brain tissue at risk of  infarction, the most 
clinically relevant definition of  the penumbra indicates 
the ischemic tissue but still viable and salvageable if  local 
perfusion is efficiently restored[3,4]. It is widely acknowl-
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edged that the mismatch of  abnormality volume between 
perfusion-weighted imaging (PWI) and diffusion-weight-
ed imaging (DWI) of  magnetic resonance imaging (MRI), 
has previously and frequently been applied as an imaging 
equivalent of  the ischemic penumbra[5,6]. The concept of  
perfusion-diffusion mismatch (PDM) provides a practi-
cal and approximate measure of  the tissue at risk and 
has been increasingly applied for the evaluation of  acute 
stroke in animals[7-10] and patients[3,4,6,11].

However, this conventional PDM has been challeng
ed[3,12] by recent studies. It has been evolved into the con-
viction that PDM does not optimally define the ischemic 
penumbra. Sufficient data have demonstrated that early 
abnormality on DWI overestimates the infarct core by 
including part of  the penumbra; and the visible lesion on 
PWI overestimates the penumbra by including regions 
of  benign oligemia[4,12-14], in which the mild reductions in 
tissue perfusion do not actually place the tissue at risk[4] 
(Figure 1). This is reflected in clinical results, where the 
area of  final infarction is normally smaller than the maxi-
mum perfusion deficit from PWI[15].

OPTIMAL DEFINITION OF PERFUSION-
DIFFUSION MISMATCH
Identification of  the PDM is believed to be of  consider-
able therapeutic importance and provides a guideline in 
patient triage for thrombolytic therapy[16,17]. However, 
there exist fundamental controversies in defining a PDM. 
For instance, there is a lack of  consensus regarding what 
constitute the pairs of  mismatch[18,19] and which PWI-
derived parameter best defines the hypoperfused region 
or predicts lesion growth[11,19-23].

Some authors suggested that cerebral blood volume 
(CBV) or CBF is the most reliable parameter to predict 
final infarct size[20,24-26]. However, a recent meta-analysis 
reported varied CBF thresholds for discrimination be-
tween infarct core, penumbra and oligemia[27]. Although 
it has been accepted by most imaging groups that a pa-
rameter from the time domain is the most accurate, there 
is still no agreement as to which is superior, i.e., time to 
peak (TTP)[21,22,28] or mean transit time (MTT)[11,18,19,29-31]. 
However, both semiquantitative TTP and MTT tend to 
overestimate the ischemic lesion volume because of  col-
lateral flow[32,33].

Technically, there are two methods to measure the 
PDM. One method is to visually rate the PWI-derived 
parametric maps and DWI as generated by commercial 
MRI console software. Another method is to quantify the 
PWI maps and DWI by offline postprocessing based on 
region-of-interest volumetric calculation. In this quantita-
tive approach, PDM is defined as a ratio of  perfusion:
diffusion lesion volume of  > 1.2, or as a difference of  
> 10-50 mL volumes of  abnormality between PWI and 
DWI[34-36]. Some researchers considered that qualitative 
visual evaluation of  PDM performed equally with the 
quantitative PDM measurements. But Campbell et al[36] 
reported that the visual assessment of  PDM at console 

is insufficiently reliable for use in clinical trials due to the 
great interobserver variability. In addition, Butcher et al[37,38] 
found that variability in planimetric PDM measurements 
arises primarily from differences in PWI volume assess-
ment; because the perfusion-derived readouts may vary 
greatly due to different examiners and kynatic models 
applied[38]. Ma et al[39] also found that volumetric analysis 
consistently underestimates the PDM volume. All those 
mentioned reasons combine to make visual PDM substan-
tially different to quantitative PDM. Better ways are sought 
to improve the measurement of  PDM. These include the 
semi-automated[40] or fully automated processing of  PDM 
with dedicated software[41-43] and the more precise co-
registration method for DWI and PWI[35,39,44].

Although the new concept of  PDM has been pro-
posed, currently there is a lack of  reliable measures to se
parate the penumbra part from infarct core on DWI and 
the benign oligemia from real penumbra on PWI in clini-
cal practice. Many efforts have been made to optimize 
conventional PDM as described below in order to better 
define the penumbra.

Serial measurements of perfusion-diffusion mismatch
Since the PDM is strictly time dependent, the moment 
to acquire PWI is particularly critical in the clinic[45,46]. 
It has been shown that the mismatch may exist up to 3 
d or even later in patients after symptom onset[47-51] and 
most cases of  PDM (75%) occurred within the first 6 h 
after stroke onset in patients[47]. Recent clinical studies 
indicated that the presence and extent of  reperfusion 
and collaterals were key factors affecting the evolution 
of  PDM patterns and outcomes of  patient with acute 
stroke[47,52-56]. Therefore, serial measurements of  PDM 
have been proved to be useful in real-time monitoring 
of  PDM evolution, and might be beneficial for rescuing 
more stroke patients[48-50,57,58].

Threshold method for defining perfusion-diffusion mismatch
Recent studies suggested that using a threshold derived 
from PWI or DWI appeared to provide more accurate 
discrimination between benign oligemia and penumbra 
or reversible lesion and infarct core[27,59-61]. Rohi et al[62] 
reported that cutoff  values of  relative CBF < 0.59 and 
MTT > 1.63 were optimal in distinguishing the benign 
oligemia and real penumbra. Oppenheim et al[63] suggest-
ed that the apparent diffusion coefficient (ADC) values 
best excluded penumbra (7.82 ± 0.82×10-4 mm2/s) from 
benign oligemia (8.23 ± 0.41×10-4 mm2/s). Prospective 
investigations are currently undergoing to validate these 
thresholding techniques with automated software pro-
grams[59].

Other approaches for defining perfusion-diffusion mismatch
Many other approaches have been tried to optimize the 
definition of  PDM. Chen et al[64] presented initial experi-
ences of  utilizing arterial spin labeling PWI in pediatric is
chemic stroke patients. Tsang et al[65] reported that sodium 
intensity remains unchanged in PDM tissue, indicating 
preservation of  ionic homeostasis. Based on intravoxel 
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incoherent motion MRI, Suzuki et al[66] used an indepen-
dent component analysis, a higher-order statistical signal 
processing technique, to obtain a perfusion map from 
a set of  diffusion-weighted images based on assumed 
difference in ADC values. In this way, the PDM can be 
identified without the PWI data.

POTENTIAL ALTERNATIVES FOR 
PERFUSION-DIFFUSION MISMATCH
pH-weighted imaging-perfusion-weighted imaging or 
diffusion-weighted imaging mismatch
According to Astrup’s classic definition of  penumbra, 
the anaerobic metabolism and the formation of  lactate 
lead to a decrease in pH in the area of  the penumbra.  
Sun et al[67,68] detected the pH-dependent amide proton 
transfer between endogenous mobile proteins/peptides 
and tissue water, and obtained pH-weighted imaging 
(pHWI) during acute ischemia. This modality allowed 
them to subdivide the PDM into regions with and with-
out tissue acidosis. It was found that the pHWI-deficit 
area at 3 h was constant during the hyperacute phase of  
stroke onset; the outer boundary of  the hypoperfused 
area that shows a decrease in pH without DWI abnor-
mality may better correspond to the classic ischemic 
penumbra area than the PWI deficit. The PWI-pHWI 
mismatch would then match to benign oligemia, and the 
pHWI-DWI mismatch to the minimal penumbral area.

Magnetic resonance thermometry-diffusion-weighted 
imaging mismatch
Elevated temperatures, or pyrexia, in the body or even 
in brain tissues are common in acute cerebral ischemic 
stroke[69,70]. Pyrexia is associated with a worse outcome af-
ter stroke, e.g., increased infarct size than normothermia 
in animal models. In contrast, hypothermia reduced isch-

emic lesion volume on DWI and may improve functional 
outcome[71]. Brain temperature (T) can be measured non-
invasively with magnetic resonance spectroscopy imaging 
(MRSI). For each voxel, cerebral temperature can be cal-
culated from the apparent chemical shift of  the N-acet-
ylaspartate (NAA) peak, using the following formula: T 
= 37 ℃ + 100 (NAApeak - 2.035), where a chemical shift 
of  2.035 ppm was found in healthy control subjects with 
an assumed brain temperature of  37 ℃. Using this ap-
proach, Karaszewski B et al[71] found that the tissues were 
hotter in “potential penumbra” (marginally abnormal on 
DWI or just outside the edge of  the DWI lesion) than 
the “likely infarct core” (definitely abnormal on DWI). 
The “likely infarct core”, in turn, was hotter than normal 
brain tissues. Therefore, MRSI provides a promising ap-
proach in the study of  temperature after stroke and to 
monitor interventions[69-71].

Based blood oxygen level-dependent magnetic 
resonance imaging-based penumbra
This is based on the finding that oxygen extraction frac-
tion (OEF) is significantly increased in the ischemic pen-
umbra[72]. Deoxyhemoglobin (deoxy-Hb) can be used as 
an indicator of  OEF that can be visualized by T2*-based 
blood oxygen level-dependent (BOLD) imaging. Geisler 
et al[73] applied quantitative T2*-based BOLD imaging 
(T2’) in patients with acute stroke. They found that a sig-
nal reduction in the T2’ images presumably correspond-
ing with an increase of  deoxy-Hb was attributable to an 
increase of  OEF. They also detected shortened T2’ values 
adjacent to the ADC lesion in the region later evolving 
into infarction, which represents the essential penumbra, 
and a significant T2’ signal loss in the region of  a benign 
oligemia. Therefore, this negative BOLD MRI technique 
provided an additional metabolic parameter in the better 
description of  the ischemic penumbra[74,75].

-

Infarct core Part of penumbra 
on DWI

Oligemia at PWIPart of penumbra 
on PWI

Complete penumbra

=

PWI DWI PWI-DWI mismatch 
(PDM)

Figure 1  Modern concept of ischemic pen-
umbra. Early abnormality on diffusion weighted 
imaging (DWI) equals the infarct core plus a part 
of the tissue at risk (penumbra); and the perfusion 
deficiency on perfusion weighted imaging (PWI) 
includes the infarct core plus penumbra and 
region of benign oligemia. PWI-DWI mismatch 
(PDM) does not optimally define the ischemic 
penumbra.

Chen F et al . Update on MR perfusion-diffusion mismatch



66 March 28, 2012|Volume 4|Issue 3|WJR|www.wjgnet.com

Positron emission tomography-based estimation of 
penumbra
For positron emission tomography (PET), penumbra was 
defined as the region with increased OEF and termed 
“misery perfusion” for this purpose. Normally, cerebral 
perfusion was assessed by H2(15)O-PET and tissue dam-
age was estimated by 11C-flumazenil. The determination 
of  absolute values of  thresholds for penumbra in pa-
tients, however, is difficult since the necessary calculation 
requires arterial blood sampling. The reported values for 
the threshold of  morphological damage and of  the upper 
limit of  penumbra vary considerably (14~22 mL/100 g 
per minute) by different authors[72]. Studies demonstrated 
that PET and PDM were related to the tissue with in-
creased OEF as an indicator of  penumbra. PWI was 
limited in estimating flow and yielded values comparable 
to H2(15)O-PET only in the range between 20 and 30 
mL/100 g per minute[76]. In a coregistered PET and DWI 
study, the characteristic changes of  both infarction and 
penumbra were defined with PET in areas of  abnormal 
DWI[77,78], with a value of  OEF > 150% suggesting the 
real penumbra[60].

PET is still considered the gold standard and is the 
first line technique employed for detection of  penumbra 
and irreversibly damaged tissue, but it is not a readily 
available methodology[78,79].

Magnetic resonance angiography-diffusion-weighted 
imaging mismatch
The magnetic resonance angiography (MRA)-DWI mis
match was defined as an MRA score of  3 (for the intracra-
nial internal carotid artery (ICA) and M1 segment of  the 
MCA, 1 = normal; 2 = reduced flow; and 3 = occlusion) 
and a DWI lesion volume < 25 mL, or an MRA score 
of  2 and a DWI lesion volume < 15 mL[80]. Kim et al[80]  
found that the MRA-DWI mismatch was more preva-
lent in the intracranial large artery atherosclerotic stroke 
group than in other stroke subtypes. Ma et al[81] reported 
that baseline MRA was helpful in categorizing acute isch-
emic stroke patients into subgroups and should be used 
in advance of  PDM acquisition, because patients may 
not need thrombolytic therapy if  they do not have initial 
vessel occlusion found by MRA. Another advantage of  
baseline MRA is the favorable response in patients with 
arterial occlusion visualized by MRA to increasing doses 
of  thrombolytic agents such as desmoteplase[82].

Diffusion-weighted imaging - T2W mismatch 
It is well accepted that a DWI lesion does not represent 
the real infarct core because it includes part of  the tis-
sue at risk or penumbra. Since the DWI may show initial 
reduction with no abnormal change on T2W or fluid-
attenuated inversion-recovery (FLAIR) images in hyper-
acute stroke, a DWI-T2W mismatch was proposed to 
represent the ischemic penumbra. The DWI-T2W mis-
match was defined as a hyperintense lesion on DWI (low 
ADC) with no hyperintense lesion on T2WI or FLAIR, 
and no hypointense lesion on T1WI. This method may 
be particularly beneficial to patients with undefined time 

windows or beyond 3 h after symptom onset and without 
PWI data[83,84].

However, recent progress in DWI suggested that the 
reversal of  the tissue at risk included in DWI abnormality 
was uncommon in ischemic stroke patients. The volume 
of  reversed lesion on DWI was small and would rarely af-
fect therapy decisions based on PDM theory[85,86]. There-
fore, DWI is generally considered a reliable indicator for 
predicting ultimate infarction with or without reperfu-
sion[81,85-89].

Clinical-diffusion mismatch
Since MR-perfusion has limited utilities in many hospitals 
due to technical reasons[90], the clinical-diffusion mismatch 
(CDM) model was proposed as an alternative method for 
PDM. The CDM is technically less challenging because it 
does not require PWI[91]. In order to measure the CDM, 
Alberta Stroke Programme Early Computed Tomography 
Score (ASPECTS) methodology was applied to the MRI 
sequences in an analogous topographical technique as 
used for computed tomography (CT)[92]. The CDM was 
defined as a score of  National Institute of  Health Stroke 
Score (NIHSS) ≥ 8 and DWI-ASPECTS ≥ 8 or DWI 
(lesion volume) ≤ 25 mL. It has been suggested that 
NIHSS ≥ 8 is a clinical indicator of  a large volume of  
ischemic brain tissue, and had a high rate of  early neuro-
logical deterioration and lesion growth[93]. However, there 
was a discrepancy between CDM and PDM[94]. Iwanaga et 
al[95] found no increased benefit from tissue plasminogen 
activator (tPA) in patients with CDM, because the positive 
effects of  reperfusion were similar in patients with and 
without CDM.

Computed tomography-derived mismatch
Infarct core measured on CT was usually segmented 
based on a CBV threshold of  56% relative to the oppo-
site side. A previous study compared DWI and CBV le-
sion volumes using thresholds of  46%, 56% and 66% of  
the contralateral normal side as well as a 2 mL/100 g ab-
solute threshold. The results indicated that the DWI and 
CBV correlation was optimal using the 56% threshold[96]. 
Another study[97] reported that ischemic penumbra was 
determined based on a MTT threshold of  150% relative 
to the contralateral side. Percent volume mismatch was 
defined as [(MTT - CBV)/CBV] × 100%. In addition to 
CBV and MTT, some researchers proposed the use of  
rCBF to calculate the CT mismatch[98].

Instead of  using computed tomography perfusion 
maps (CTP), Wang et al[99] suggested the use of  CTP 
source images (CTP-SI) to define a CTP mismatch. Here, 
the CTP mismatch was defined as a delayed perfusion 
between arterial phase CTP-SI ASPECTS and venous 
phase CTP-SI ASPECTS. The presence of  such a delayed 
perfusion can be used as an indicator for thrombolysis.

In a retrospective study, Messé et al[100] tested a mis-
match between ischemic changes on head CT and clini-
cal examination findings (CT-NIHSS mismatch), but his 
results did not show any correlation between the CT-
NIHSS mismatch and MRI PDM.
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APPLICATIONS OF PERFUSION-
DIFFUSION MISMATCH
The PDM theory was introduced in the late 1990s[85]. De-
spite its limitations in imaging ischemic penumbra, this 
paradigm has been widely used in preclinical research and 
clinical trials[16,17]. The PDM model combined with other 
MRI techniques such as T2WI, FLAIR and MRA have 
been employed for various purposes[12].

First, it was used as a practical selection tool for stro
ke treatment[101-106]. Only those with appropriate PDM 
patterns will be enrolled for therapy, like clinical trials of  
Desmoteplase in Acute Ischemic Stroke Trial (DIAS)[107], 
Dose Escalation of  Desmoteplase for Acute Ischemic 
Stroke[101], and DIAS 2[104]. However, the results were not 
repeatable[82,108-110] in those trials, although better out-
comes were found with higher doses of  desmoteplase 
corresponding to the frequency of  reperfusion.

Second, to test the hypothesis that patients with PDM 
pattern will benefit from treatment, while those without 
mismatch pattern will not, all patients were treated no 
matter their phases and pretreatment PDM patterns[12,111]. 
Clinical trials like The Diffusion and Perfusion Imaging 
Evaluation For Understanding Stroke Evolution (DE-
FUSE) and Echoplanar Imaging Thrombolytic Evalua-
tion Trial (EPITHET) were conducted for this purpose. 
However, the results were not very straightforward. In 
DEFUSE, no clear pattern of  response was found to 
reperfusion treatment with tPA between patients with 
PDM and patient without. In EPITHET, although the 
infarct growth was smaller in patients treated with tPA, 
the difference was not statistically significant compared 
to the controls. Furthermore, the outcomes were better 
in all patients and PDM patients treated with tPA, but the 
difference was also not statistically significant[82,85,101,112]. 

Third, PDM was applied as a surrogate measure for 
stroke outcome. Some studies suggested that the abnor-
mality from PWI can be used to predict the lesion growth 
or final infarct volume[113-115]. However, this has been chal-
lenged due to the evolving PDM concept[89,116]; because 
the regions of  benign oligemia included in the PWI ab-
normality did not finally develop into infarction[4,12,68], and 
patients without PDM were equally likely to have lesion 
growth as those with PDM and should also be enrolled in 
acute stroke treatment[89,117]. A reduced volume of  PDM 
can be used as an indicator of  improvement of  stroke 
severity in a combined anti-stroke study[89] and of  poten-
tial for recovery of  functions[118]. Since an acute ischemic 
lesion was detected with PDM in about 60% of  patients 
with transient ischemic attack (TIA), PDM may play a 
role in the triage of  acute TIA and brain infarction[118]. 
PDM can also be applied as an indication for performing 
interventional procedures like clot removal therapy by 
aspiration and extraction[110], urgent carotid artery stent-
ing for acute stroke patients[108], and transluminal balloon 
angioplasty for patients with cerebral vasospasm[109]. In a 
report by Heidenreich et al[119] the presumptive treatment 
plan was changed after PDM-based evaluation in 26% 
(25/97) of  patients with hyperacute stroke. Studies also 

revealed that the relation between the anatomic location 
and PDM may have some indications for the progression 
or prognosis in patients with hyperacute and acute stroke. 
For instance, the ischemia stroke was found to progress 
and have more severe TTP abnormalities in the central 
part of  the MCA territory including the inferior frontal 
gyrus, superior temporal gyrus, insula, and underlying 
hemispheric white matter[120]. The loss of  PDM volume 
(evolving into infarction) was increased in the insula 
area[120], and target mismatch was more frequent in the 
cortex with better outcomes if  reperfusion was timely 
established[121]. In addition, the severity of  leukoaraiosis 
was associated with the loss of  PDM and seems to be a 
predictor of  infarct growth[122].

MAIN PATTERNS OF PDM AND THEIR 
CLINICAL RELEVANCE
As the target of  thrombolytic therapy of  acute stroke, 
the PDM is normally defined as a mismatch ratio of  
PWI/DWI ≥ 1.2, reflecting the presence of  clinically 
significant mismatch[106,123,124]. However, recent studies 
suggested the use of  a larger ratio of  1.8 to 2.6, because 
a larger mismatch was associated with a higher response 
rate in the condition of  reperfusion therapy[125,126].

Although the PWI/DWI mismatch ≥ 1.2 is the pre-
dominant pattern in PDM discrepancies[47], many other 
PDM patterns have been recently reported and their 
relevance to subtypes of  stroke has not been fully elu-
cidated[20,47,52,127,128]. Discrepancies between the extent of  
abnormality on PWI and DWI are supposed to depend 
predominantly on time from stroke onset to MRI scan-
ning[45,46,52]. The topographic profiles of  these PDM pat-
terns were summarized as follows and in Table 1.

Type Ⅰ, perfusion-weighted imaging > diffusion-
weighted imaging
This pattern is the main type (49%-70%) of  PDM and 
defined as the target mismatch[125] or positive mismatch[51] 
for reperfusion therapy (Figure 2). Bang et al[125] reported 
that this pattern is more common in white patients com-
pared with Asian ethnicity with medium-sized lesions 
on DWI. This pattern was also defined as the classical 
type of  PDM by Ma et al[121,129], i.e., a DWI lesion within 
a hypoperfused territory on PWI. In their study, a larger 
mismatch volume in a cortical location was considered an 
important factor relevant to the classical pattern, and the 
presence of  distal hyperintense vessels on FLAIR (a po-
tential MRI marker for collaterals) was found to be asso-
ciated with a large PDM[130]. But this classic pattern may 
evolve into a fragmented non-classical PDM pattern over 
time (up to 48 h), i.e., the dissociation of  PWI and DWI 
lesions. They even found that the types of  PDM patterns 
have little effect on infarct growth, clinical outcomes 
and the benefit of  thrombolytic agent; this suggests that 
mismatch topography is less important at least during the 
hyperacute phase of  stroke. An animal study also found 
that the PDM pattern may have evolved over time from 
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the so-called classic pattern (PWI > DWI) during initial 
hours through to a match pattern (PWI = DWI) around 
6-12 h to a reverse mismatch (PWI < DWI) at a later 
time up to 3 d after stroke onset[51].

Type Ⅱ, perfusion-weighted imaging = diffusion-
weighted imaging
This match pattern means that no additional tissue at risk 
or penumbra was found, because collateral flow may limit 
the infarct core evolving into the hypoperfused area on 

PWI[131] (Figure 3). Contrary to that, Bang et al[125] report-
ed that this no target mismatch was the most common 
type in patients with diabetes. The possible mechanism 
may be attributed to the early and longstanding hypergly-
cemia and increased lactate production. All of  these may 
lead to occlusion of  small perforators, collateral failure, 
impaired autoregulation, and consequent loss of  penum-
bra.

Type Ⅲ, perfusion-weighted imaging < diffusion-
weighted imaging
Since the abnormality volume on PWI is smaller than 
that on DWI, it is considered an inverse or negative mis-
match[51]. The mechanism for this pattern may be attrib-
uted to the partial reperfusion which occurred at the time 
of  the MRI scan (Figure 4). Fiebach et al[123] found that 
this inverse mismatch was frequent in small subcortical 
ischemic stroke and infarct core may develop beyond the 
initial hypoperfusion area. In another study, Ma et al[132] 
found that in 11 of  34 (32%) patients with negative mis-
match (PWI < DWI) assessed by the volumetric subtrac-
tion technique, all had positive mismatch (PWI > DWI) 
identified when the more precise coregistration analysis 
was performed. They named it “hidden mismatch”, which 
provided an explanation for the previous illogical finding 
that infarct expansion seems to occur even in the pres-
ence of  inverse mismatch (PWI < DWI). The “hidden 
mismatch” observation indicated the possible benefit of  
treatment for patients even with inverse mismatch[51,123,132].

Type Ⅳ, perfusion-weighted imaging (-), diffusion-
weighted imaging (+)
This pattern shows only an infarct lesion on DWI with 
absence of  perfusion deficiency on PWI due to single 
small artery occlusion or presence of  small subclinical 

Table 1  Patterns of discrepancy between perfusion-weighted imaging and diffusion-weighted imaging

Pattern Incidence % Main etiology  Indications Potential interventions

< 6 h Total
Ⅰ PWI > DWI[20,47,51-53,114,121,125,127

-130,135], target mismatch
57~86 49~70 Large-artery atherosclerosis, 

cardioembolism, cryptogenic
Larger lesion on PWI and DWI. Part of tissue 
at risk and oligemia. Infarct may growth 
without effective therapy. More common in 
white patients

Reperfusion therapy: 
Thrombolytic therapy 
or angioplasty, stenting

Ⅱ PWI = DWI[20,52,125,131] ~17 ~28 Cryptogenic, large-artery 
atherosclerosis, cardioembolism, 
lacunar infarction

No additional tissue at risk. Collateral flow 
limits the infarct volume to that depicted at 
DWI. Most common in patients with diabetes

Neuroprotection

Ⅲ PWI < DWI[51,52,114,123,132], 
inverse mismatch 

~29 6~34 Cryptogenic, cardioembolism, 
large-artery atherosclerosis, 
lacunar infarction 

Smaller lesion on PWI and DWI. Partial 
reperfusion may occur at the time of MR scan

Neuroprotection

Ⅳ PWI (-), DWI (+)[47,114,125] ~8 ~24 Single small MCA branch 
occlusion, small subclinical 
infarct 

Full reperfusion may occur or due to 
collaterals at the time of MR scan. More 
common in Asian patients

Neuroprotection

Ⅴ PWI (+), DWI (-)[47,80,128,133,134], 
total mismatch

~8 ~3 Migraine, TIA Pure perfusion deficit (tissue at risk but not 
committed to infarction)

Reperfusion therapy

Ⅵ PWI (-), DWI (-)[20,135] ~14 ~18 Migraine, TIA No abnormality on both PWI and DWI. 
Normal or hypoperfusion on PET

No interventional 
therapy

Ⅶ PWI or DWI > 100 mL[82,112], 
malignant mismatch

Large-artery atherosclerosis Poor outcome, strongly associated with 
reperfusion-related brain hemorrhage

Exclusion of therapy

(+): There is abnormality; (-): No abnormality; PWI: Perfusion weighted imaging; DWI: Diffusion weighted imaging; MCA: Middle cerebral artery; TIA: 
Transient ischemic attack; PET: Positron emission tomography.

Figure 2  Main pattern of perfusion-diffusion mismatch, perfusion-weight-
ed imaging > diffusion-weighted imaging, in a patient with acute stroke. 
Extensive area of prolonged time to peak (TTP) and small diffusion-weighted 
imaging (DWI) lesion in deep middle cerebral artery (MCA) territory, with a 
complete proximal MCA occlusion on magnetic resonance angiography (MRA) 
(reprint from Muir KW et al Lancet Neurol 2006; 5: 755-68 with permission). 
ADC: Apparent diffusion coefficient; FLAIR: Fluid-attenuated inversion-recovery.
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infarct. This type is more common in Asian patients, 
because intracranial atherosclerosis and small arterial oc-
clusions were common causes of  strokes in Asians and 
Blacks. Consequently, very small or even absence of  the 
hypoperfusion region was seen in this pattern[125].

Type Ⅴ, perfusion-weighted imaging (+), diffusion-
weighted imaging (-)
This pattern is also termed total mismatch, i.e. negative 
DWI and extensive perfusion defects. Recent studies 
seem to suggest that total mismatch does not necessarily 
progress to infarction, but may suggest stroke pathogen-
esis and site of  current arterial occlusion. Patients with 
total mismatch usually have a favorable outcome after 
recanalization with or without thrombolysis. It also pro-
vided evidence of  brain ischemia in patients with a clini-
cal diagnosis of  migraine or TIA[80,133,134].

Type Ⅵ, perfusion-weighted imaging (-), diffusion-
weighted imaging (-)
In this type, there is no abnormality on both DWI and 
PWI. This pattern was normally found in patients with 
migraine headaches. Patients’ symptoms were associated 
with localized or “spreading hypoperfusion” along the ce-
rebral cortex as confirmed by PET, and may be resolved 
completely within 1-48 h[20,135]. Therefore, the observed 
hypoperfusion most likely belongs to a type of  mild oli-
gemia that cannot even be detected with PWI.

Type Ⅶ, perfusion-weighted imaging or diffusion-
weighted imaging > 100 mL
The DEFUSE clinical trial defined PWI or DWI volume 
≥ 100 mL as a malignant mismatch. A number of  stud-
ies indicated that patients with the malignant mismatch 
pattern were more likely to have a poor outcome (modi-
fied Rankin Scale score 5 to 6) with reperfusion than 
without and were strongly associated with reperfusion-
related brain hemorrhage due to the severe ischemic 
brain and microvessel injury. Exclusion of  patients with 
malignant mismatch could improve the safety and effi-
cacy of  reperfusion therapies[82,112].

FLAIR                        ADC                        DWI                          TTP

< 3 h

1-d

7-d

Figure 3  Main pattern of perfusion-diffusion mis-
match, perfusion-weighted imaging = diffusion-
weighted imaging, in a patient with acute stroke. < 
3 h: Fuzzy diffusion-weighted imaging (DWI) lesion in 
left middle cerebral artery territory matching an area of 
diminished time to peak, indicating local hyperperfusion 
and spontaneous recanalization had occurred prior to 
imaging at 3 h after onset (note the prolonged time to 
peak at the posterior edge of the DWI lesion, suggest-
ing distal branch occlusion); 1-d: The next day, perfu-
sion has essentially normalized as well as the DWI 
lesion, save for a narrow posterior streak, suggesting 
the spontaneous recanalization saved the at-risk tissue 
from progressing to infarction; 7-d: At day 7, there has 
been no return of the DWI lesion, indicating the tissue 
was effectively salvaged (reprint from Muir KW et al 
Lancet Neurol 2006; 5: 755-768 with permission). PWI: 
Perfusion-weighted imaging; ADC: Apparent diffusion 
coefficient; TTP: Time to peak; FLAIR: Fluid-attenuated 
inversion-recovery. 

Figure 4  Main pattern of perfusion-diffusion mismatch: perfusion-
weighted imaging < diffusion-weighted imaging, in a patient with acute 
stroke. Patient’s left-sided weakness was partially resolved 3 h after the onset 
of symptoms. A: Proton density (PD) weighted fast spin-echo image shows no 
abnormality; B: Diffusion-weighted imaging (DWI) shows a focal cortical isch-
emic abnormality; C: Relative cerebral blood volume (rCBV) map demonstrates 
a smaller lesion with decreased rCBV compared to the same abnormality as 
depicted in B; D, E: Follow-up PD images acquired 11 d later show a new tiny 
hyperintense infarct in the area of initially observed lesion on B and C. Note 
that the initial DWI lesion is larger than the final infarct volume. The patient’s 
symptoms resolved completely after 2 d (reprint from Sorensen et al Radiology 
1996; 199: 391-401 with permission).

PD                        DWI                      rCBV

11-d

PD

A B C

D E
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CONCLUSION
Although the PDM is not yet perfectly matched with the 
ischemic penumbra, it has been widely recognized as a 
crude but practical approximation of  an imaging equiva-
lent of  the pathological ischemic penumbra[5,6,51]. There is 
still a lack of  consensus regarding the best definition and 
optimal measurement for PDM. Conclusions draw from 
recent clinical trials including DEFUSE and EPITHET 
suggested that patients with PDM documented more re-
perfusion, reduced infarct growth and better clinical out-
comes compared to patients without PDM[82,85,125,136,137], 
but it is not yet clear that thrombolytic therapy is benefi-
cial when patients are selected on PDM[82]. Studies based 
on a larger cohort are currently under investigation to 
further validate the PDM hypothesis[82]. Given the limita-
tion of  current PDM theory, studies in other potential 
alternatives or imaging biomarkers beyond the PDM 
concept may help in the management of  ischemic stroke 
patients[82,85,138].
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Abstract
The purpose of this essay was to illustrate the radiolog-
ical and pathological findings in a wide spectrum of du-
ral lesions mimicking meningiomas. Familiarity with and 
knowledge of these findings will narrow the differential 
diagnosis and provide guidance for patient manage-
ment. In this pictorial review, we describe the following 
entities: Solitary fibrous tumors, hemangiopericytoma, 
gliosarcoma, leiomyosarcoma, dural metastases, Hodg-
kin’s disease, plasmocytoma, Rosai-Dorfman disease, 
neurosarcoidosis, melanocytic neoplasms and plasma 
cell granuloma.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
There are multiple neoplastic and non-neoplastic entities 
that clinically and radiographically mimic meningiomas. 
This pictorial review considers some of  the lesions that 
can mimic meningiomas, including solitary fibrous tu-
mors, hemangiopericytoma, gliosarcoma, leiomyosarco-
ma, dural metastases, Hodgkin’s disease, plasmocytoma, 
Rosai-Dorfman disease, neurosarcoidosis, melanocytic 
neoplasms and plasma cell granuloma.

SOLITARY FIBROUS TUMORS
Central nervous system (CNS) solitary fibrous tumors are 
rare, dural-based mesenchymal neoplasms. Although ini-
tially described as primary neoplasms of  the pleura, soli-
tary fibrous tumors have subsequently been reported in 
virtually every body site[1]. The typical histological features 
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of  solitary fibrous tumors are spindle cells arranged in a 
patternless architecture or interlacing fascicles, prominent 
collagenous bands, and branching vascular channels with 
thin walls; these tumors exhibit diffuse CD34 reactivity[��2�]. 
The tumors present at any age and have been reported to 
occur in both supra and infratentorial locations.

On computed tomography (CT), the mass is most of-
ten hyperdense and contains some calcifications. The ap-
pearance on magnetic resonance imaging (MRI) is that of  
an extra-axial, dural-based mass predominantly isointense 
on T1- and T2-weighted images. Intra-lesional inhomo-
geneity with areas of  hypointensity and hyperintensity, 
best described as having a patchy appearance, has been 
reported. In most cases, homogenous enhancement on 
post-contrast T1-weighted images is seen (Figure 1). Sur-
gery is the treatment of  choice. Stereotactic and external 
beam radiation therapy may be indicated for postsurgical 
tumor remnants and for unresectable recurrences[3].

HEMANGIOPERICYTOMA
Intracranial hemangiopericytomas are neoplasms of  the 
pericytes that originate in the meninges, represent less 
than 1% of  all CNS tumors, are aggressive and tend to 
occur at an earlier age than other meningeal tumors, recur 
with high frequency, and metastasize extra-cranially. The 
location of  intracranial hemangiopericytomas is similar 
to that of  meningiomas. Histologically, hemangiopericy-
tomas are highly cellular, vascular tumors composed of  
angular pericytes surrounding often ill-defined capillaries 
in a branching pattern (staghorn vascularity).

On CT, hemangiopericytomas are heterogeneous, hy-
perdense, dural-based lesions that, unlike meningiomas, 
are not associated with calcifications or hyperostosis, and 
they typically show heterogeneous enhancement. Bone 
erosion is a feature seen in more than half  of  heman-
giopericytoma cases[4,5]. On MRI, hemangiopericytomas 
are heterogeneous, predominantly isointense masses on 
T1- and T2-weighted images, show prominent internal 
vessel voids, and heterogeneously enhance on contrast-
enhanced images (Figure 2). Approximately one-third of  
hemangiopericytomas exhibit a narrow base of  dural at-
tachment, with the remaining two-thirds showing broad-
based attachment with a dural tail sign[6]. Surgical resec-
tion is the primary treatment for this tumor. Preoperative 
embolization can aid in reducing operative blood loss. 
Postoperative radiation therapy is recommended[7].

GLIOSARCOMA
Gliosarcoma is a rare cerebral tumor closely related to 
glioblastoma in terms of  both its clinical and therapeutic 
characteristics. Gliosarcoma consists of  gliomatous and 
sarcomatous elements (Figure 3A)[��8�].

Gliosarcoma usually occurs in middle aged adults. 
The ability of  gliosarcoma to metastasize to other loca-
tions in the neuroaxis is well known[��9�].

Radiation-induced gliosarcoma may appear at the site 

of  a treated intracranial neoplasm and should be consid-
ered in the differential diagnosis of  a recurrent mass[���10�].

On CT, gliosarcoma tends to present as a peripher-
ally located, sharply defined, round or lobulated, isodense 
or hyperdense solid mass with heterogeneous or ring 
enhancement due to a fibrous component. On MRI, the 
tumors tend to be well-defined, demonstrating either an 
inhomogeneous or cystic appearance with surrounding 
vasogenic edema. On T2-weighted images, intermediate 

Figure 1  Solitary fibrous tumor. Post-contrast computed tomography. A: A 
dural-based lobulated mass with dural tail enhancement (arrow); B: Axial T1-
weighted magnetic resonance (MR) image shows an extra-axial mass, isoin-
tense to the gray matter compressing the adjacent cortical convolutions (arrow); 
C: Axial T2-weighted MR image shows that the mass has intermediate signal 
intensity. Note the peritumoral cysts with high signal intensity (arrow); D: On the 
post-contrast, T1-weighted MR image, the mass shows intense enhancement, 
intra-tumoral cysts (arrowheads) and dural tail sign (arrow).

A B

C D

Figure 2  Hemangiopericytoma. A: The coronal T1-weighted magnetic reso-
nance (MR) image shows an extra-axial isointense mass with internal flow voids 
and calvarial destruction; B: On the axial, T2-weighted MR image the mass re-
mains isointense with internal areas of hyperintensity and moderate peritumoral 
edema.

A B
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signal intensity with surrounding edema is visible. The 
signal intensity of  the tumor is similar to gray matter but 
is hypointense relative to other glial neoplasms. Post-con-
trast T1-weighted images show intense tumor enhance-
ment, often with a ring-like appearance (Figure 3B)[11].  
Postsurgical treatment of  gliosarcoma includes adjuvant 
radiotherapy with concurrent administration of  temo-
zolomide[12].

LEIOMYOSARCOMAS
Leiomyosarcomas of  the CNS are extremely rare; howev-
er, they are becoming more prevalent in immunocompro-
mised patients. Patients with acquired immunodeficiency 
syndrome are known to exhibit an increased incidence of  
smooth muscle tumors associated with Epstein virus. In-
tracranial leiomyosarcoma reveals dural masses or a skull-
base location. Leiomyosarcoma should be included in the 
differential diagnosis of  extra-axial CNS lesions in human 
immunodeficiency virus (HIV)-infected patients[���13�].

DURAL METASTASES
Metastases to the dura constitute one of  the least fre-
quent patterns of  neoplastic spread to the craniospinal 

axis. The neoplasms arise either by direct extension from 
skull metastases or by hematogeneous spread. Breast 
cancer, prostate cancer, adenocarcinoma of  the lung, and 
renal cell carcinoma are the most common. Meningeal 
metastasis from medulloblastoma is also a well known 
entity[���14�]. Typically, these tumors produce MR images with 
increased signals on T2-weighted images, often with an 
enhancing dural tail mimicking a meningioma (Figure 4). 
Patients with a single resectable symptomatic dural me-
tastasis, controlled systemic cancer, and acceptable surgi-
cal risk should be considered for resection as first-line 
therapy.

HODGKIN’S DISEASE
Intracranial Hodgkin’s disease occurs by direct spread 
from the bones of  the skull or in continuity with menin-
geal deposits that gained access to the skull via the cranial 
nerves[15,���16�]. The involvement of  bone in Hodgkin’s lym-
phomas usually occurs in the late stage of  the disease. 
Extension of  the scalp mass to both the epidural space 
and subcutaneous soft tissue is usually seen.

Regarding the histology of  Hodgkin’s disease with 
intracranial relapse, both a nodular sclerosis and mixed 
cellularity variety have been described. In the majority 

Figure 3  Gliosarcoma. A: Pathological image showing an area with features of osteogenic sarcoma (black asterisk) adjacent to the glial component of the tumor (white 
asterisk) (hematoxylin-eosin, original magnification × 100); B: On the axial, post-contrast T1-weighted magnetic resonance image, the tumor shows intense homoge-
neous enhancement. Note the close relation of the mass with the dura, which is enhanced in a way mimicking meningioma (arrow).

A B

Figure 4  Dural metastasis in a 36-year-old woman with breast carcinoma. A: Axial T2-weighted image shows a large extra-axial frontal heterogeneous mass; 
B: On T1-weighted magnetic resonance (MR) image the mass is isointense with the gray matter; C: Axial post-contrast T1-weighted MR image shows an extra-axial 
strongly enhanced lesion broad based to the falx mimicking meningioma. 

A B C
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of  reported skull lymphomas, the mass is hyperdense 
on unenhanced CT and shows marked enhancement on 
post-contrast studies. Destruction of  the bone may not 
be seen in some cases because the characteristic perme-
ating growth pattern of  lymphoma is a large soft tissue 
component and very little bone destruction. Bone win-
dow setting is useful for depicting tiny lytic lesions of  the 
bony calvarium (Figure 5A and B). 

On MRI, the densely cellular deposits of  lymphoma 
most often do not show high signal intensity on T2-
weighted images and typically remain hypo- to isointense 
on all pulse sequences. Post-contrast T1-weighted images 
show either homogeneous or inhomogeneous dense en-
hancement. Linear dural enhancement is usually seen on 
both sides of  the dural mass (dural tail) and, although it is 
an extra-axial mass, white matter edema is usually present 
(Figure 5C-D)[���17�]. Radiotherapy and chemotherapy are the 
treatment of  choice.

PLASMOCYTOMA
Plasmocytoma rarely involve the CNS as dural-based le-
sions[���18�]. Careful systemic evaluation should be made in 
such a presentation to rule out �����������������������  multiple myeloma�������  which 
would require different management and prognosis. Some 

patients develop bone marrow biopsy-proven myeloma 
within months of  the initial diagnosis of  CNS plasmocy-
toma[���19�]. Histopathological examination of  the mass after 
excision shows multiple myeloma immunopositive for 
IgG, kappa light chain, and CD38 (Figure 6A). On CT, 
plasmacytomas are extra-axial masses without calcifica-
tion or bone involvement, and they are usually high-den-
sity lesions. An isointense lesion is revealed on both T1- 
and T2-weighted images. On post-contrast T1-weighted 
images, intense homogeneous contrast enhancement is 
demonstrated with a dural tail sign mimicking menin-
gioma (Figure 6B and C)[���20�]. Systemic chemotherapy and 
radiotherapy are recommended after surgical excision of  
the mass.

ROSAI-DORFMAN DISEASE
Rosai-Dorfman disease is also known as sinus histiocy-
tosis with massive lymphadenopathy. The disease com-
monly presents as massive, painless, bilateral lymph node 
enlargement in the neck with fever. Rarely, sites other 
than the lymph nodes are involved, including the CNS, 
eyes, upper respiratory tract, skin, and head and neck 
region[���2��1]. CNS Rosai-Dorfman most commonly involves 
patients between 20���������� -��������� 40�������  years.

A B C

Figure 6  Plasmocytoma in a 62-year-old patient. A: Typical plasma cell morphology hematoxylin-eosin stain; B: Axial T2-weighted magnetic resonance images 
show an isointense frontal mass with peritumoral edema compressing the right ventricle; C: The axial post-contrast image shows intense homogeneous enhancement 
of the lesion with a dural tail (arrow).

A B D

Figure 5  Non-Hodgkin Lymphoma. The axial non-contrast computed tomography. A: A hyperdense extra-axial mass extending to both sides of the frontoparietal 
bone; B: Bone window setting depict lytic lesion of the calvarium (arrow); C: On axial T2-weighted magnetic resonance images, the mass appears isointense with peri-
tumoral edema; D: After the administration of contrast media, a strong homogeneous enhancement is seen with a dural tail (arrows).

C
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Symptoms of  intracranial disease include seizures, he
adache and weakness. Over 90% of  CNS Rosai-Dorfman 
cases involve the leptomeninges. Histopathologically, the 
dura is thickened, fibrotic, and contains a variable density 
of  chronic inflammatory cells, dominated by lymphocytes 
and plasma cells. The finding of  emperipolesis is charac-
teristic of  Rosai-Dorfman disease of  the leptomeninges, 
but in 30% of  cases this feature is not identified[���22�].

On CT and MRI, Rosai-Dorfman disease presents 
as dural-based, epidural or subdural, contrast-enhancing 
masses that often elicit vasogenic edema in the underly-
ing cerebral cortex and white matter (Figure 7A and 
B). The dural mass shows low signal intensity on T2-
weighted images. Thus, clinically and radiologically, the 
disease is thought to represent meningioma[23]. The de-
finitive diagnosis of  Rosai-Dorfman disease involving the 
leptomeninges is established by biopsy (Figure 7C) and 
pathological examination. Treatment should be based on 
clinical manifestations. Many lesions are asymptomatic, 
heal spontaneously, and do not require treatment[���24�].

NEUROSARCOIDOSIS
Neurosarcoidosis occurs in approximately 5% of  patients 
with sarcoidosis[���25�]. Diagnosis is based on the documen-
tation of  systemic sarcoidosis in the absence of  other 

neurological disease. The histopathological hallmarks of  
neurosarcoidosis include epithelioid granulomas without 
caseation or staining for infectious agents.  Imaging find-
ings of  neurosarcoidosis include pachymeningeal/dural 
masses, leptomeningeal involvement, enhancing brain 
parenchymal lesion, and cranial nerve involvement.

A dural-based mass is one of  the least common mani-
festations of  neurosarcoidosis. 

Lesions typically homogeneously enhance on con-
trast-enhanced T1-weighted images (Figure 8). Variable 
amounts of  vasogenic edema can also be seen in the 
white matter adjacent to the mass[������26,27�]. Differential con-
siderations include lymphoma and idiopathic hypertro-
phic cranial pachymeningitis. Steroid therapy is usually in-
dicated. Infliximab is a valuable pharmacological agent in 
the management of  patients with refractory and disabling 
neurosarcoidosis[28].

MELANOCYTIC NEOPLASMS
Melanocytes are normally present in the intracranial lep-
tomeninges, usually in the posterior cerebral fossa, and 
can give rise to benign (meningeal melanocytoma) or 
malignant (malignant melanoma) tumors. Most reported 
cases of  meningeal melanocytomas are located in the 
posterior fossa and spinal cord, although large supraten-

A B C

Figure 7  Rosai-Dorfman disease. A: The non-contrast computed tomography (CT) shows a peripheral, poorly marginated, hyperdense mass with peritumoral ede-
ma (arrows); B: Post-contrast CT shows a convex, homogeneously enhanced extra-axial mass; C: Pathologic image of Rosai-Dorfman disease with a characteristic 
finding of emperipolesis (arrow).

Figure 8  Neurosarcoidosis. Coronal (A) and sagittal (B) T1-weighted magnetic resonance post-contrast images show an enhancing dural-based lesion. Also, note 
the enhancement of the dura along the convexity.

A B
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torial meningeal melanocytomas mimicking a convexity 
meningioma have been reported[���2��9].

Histologically, most melanocytomas are spindle cell 
neoplasms, although epithelioid cytology may dominate 
in some cases. Tumor cells grow in sheets, nests, or fas-
cicles (Figure 9A).

On CT, primary melanocytic lesions appear as well-
circumscribed, isoattenuating to hyperattenuating, extra-
axial tumors with homogeneous enhancement. Even 
if  there is no hyperostosis, the neoplasms can mimic 
meningioma[���3��0]. MRI demonstrates variable signal in-
tensity on T1- and T2-weighted images, in proportion 
to the amount of  melanin within the tumor. Therefore, 
melanocytic neoplasms are isointense or hyperintense to 
adjacent normal brain tissue on T1-weighted images and 
isointense or hypointense on T2-weighted images. The 
neoplasms enhance after intravenous administration of  
contrast material (Figure 9B and C)[���31�]. Complete surgi-
cal excision of  the tumor is the treatment of  choice. The 
role and efficacy of  radiotherapy and chemotherapy re-
main controversial.

PLASMA CELL GRANULOMA
Plasma cell granuloma is a rare form of  idiopathic inflam-

matory pseudotumor often characterized by non-neo-
plastic proliferation of  plasma cells clinically mimicking a 
neoplastic process. Pseudotumors of  the CNS, however, 
are exceptional and rare. In reported cases, these reactive 
lesions occurred primarily in adults, usually presenting as 
discrete tumors arising from the leptomeninges or dura. 
Histologically, the granulomas are populated by a poly-
typic population of  mature plasma cells, plasmatoids, and 
small non-transformed lymphocytes in a background of  
variable fibrosis, fibroblasts, and entrapped leptomenin-
geal cells (Figure 10A)[���32�].

On CT, the mass is usually a well-circumscribed area 
of  increased density markedly enhanced with the admin-
istration of  contrast. On MRI, the mass has slightly high 
signal intensity on T1-weighted images and marked low 
signal intensity on T2-weighted images. The granuloma 
is usually heterogeneously enhanced with gadolinium-
DTPA (Figure 10B and C). Parenchymal involvement has 
been reported[���33�]. 

CONCLUSION
The differential diagnosis of  dural-based lesions in the 
brain varies from incidental and benign to symptomatic 
and malignant lesions. The above mentioned entities 

A B C

Figure 9  Melanocytic tumor. A: Photomicrograph of the mass. The neoplasm contains sheets of cells, many of which contain dark brown melanin pigment (hema-
toxylin-eosin, × 400); B: T1-weighted magnetic resonance and post-contrast; C: T1-weighted MR images show a left intraconal mass with intermediate signal intensity 
that homogeneously enhances.

A B C

Figure 10  Plasma cell granuloma in a 4-year-old girl. A: Pathologic image. The fibrosis and infiltration is composed of lymphocytes, plasmocytes and histiocytes 
(hematoxylin-eosin stain); B: Axial T2-weighted magnetic resonance (MR) image shows a hypointense left cerebellar lesion adjacent to the 4th ventricle with moderate 
peritumoral edema; C: Post-contrast T1-weighted MR image shows heterogeneous enhancement of the lesion.
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involving the dura are rare and almost always diagnosed 
after tissue is obtained because of  their clinical and ra-
diographic similarity to meningiomas. These lesions can 
closely resemble meningiomas in terms of  signal char-
acteristics, enhancement pattern, and location. Imaging 
characteristics alone can be misleading; neuropathological 
support is essential for accurate diagnosis.

A thorough clinical evaluation can reveal likely diag-
nostic possibilities. In the presence of  a heterogeneous 
dural-based mass with prominent internal vessels and 
bone erosion, the case of  hemangiopericytoma should 
be considered. Leiomyosarcomas should be included in 
the differential diagnosis of  dural-based lesions in HIV-
infected patients.

Careful vigilance in patients with a history of  cancer, 
presenting with new symptoms or imaging evidence of  
dural-based lesions, should raise the possibility of  dural 
metastasis.

The diagnosis of  lymphoma should be considered 
for lesions affecting the dura in high-risk immunocom-
promised patients. The presence of  an apparent dural tail 
can be seen in a lymphoma. The absence of  hyperostosis 
helps differentiate lymphoma from meningioma.

Hypercalcemia, hyperproteinemia, and serum gamma 
globulin peak in a patient with an extra-axial dural mass 
should raise the possibility of  plasmocytoma. Rosai-Dor-
fman disease should be considered when a young adult 
with painless neck lymphadenopathy, fever and anemia 
presents with a dural mass. The already known history 
of  systemic sarcoidosis in a patient with a dural mass and 
leptomeningeal enhancement is suggestive of  neurosar-
coidosis. Awareness that these lesions involve the dura 
may facilitate radiological and intra-operative recognition 
and, in some cases, preclude unnecessary additional sur-
gery ����[34].
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Abstract
AIM: To study the clinical outcomes of treating vein of 
Galen aneurysmal malformations (VGAM), we assessed 
our patient cohort using standardized cognitive and 
functional measures.

METHODS: A retrospective review of patients with 
VGAM treated by a single practitioner between 2003 
and 2009 was performed for this study. In addition to 
routine clinical assessment, all patients were evaluated 
for cognitive and functional impairment using validated 
measures including the Neurobehavioral Rating Scale-
Revised, the Bicêtre outcome score, and the Barthel 
index.

RESULTS: Five patients underwent combined trans-
arterial and transvenous embolization of their VGAM 
during the study period. VGAMs were classified based 

on angioarchitecture as either choroidal (1/5) or mu-
ral (4/5) according to the classification scheme of 
Lasjaunias. In total, 13 embolization procedures were 
performed consisting of 1 to 3 treatment stages per 
patient. Complete or near complete occlusion was 
achieved in 4 patients, while subtotal occlusion was 
achieved in 1 patient. During follow-up (median 62.6 
mo), all patients were either unchanged or cognitively 
and neurologically intact.

CONCLUSION: VGAM can be safely and effectively 
treated by staged transarterial and transvenous embo-
lization. Using this strategy, excellent long-term cogni-
tive and functional outcomes can be achieved. 

© 2012 Baishideng. All rights reserved.

Key words: Cognition; Embolization; Endovascular; He
morrhage; Interventional neuroradiology; Neurological 
development; Outcomes; Vein of Galen aneurysmal mal
formation

Peer reviewer: Paul V Puthussery, MD, DMRD, MNAMS, 
DNB, Assistant Professor, Department of Radiodiagnosis, Gov­
ernment Medical College, Kochi 683571, India

Ellis JA, Orr L, McCormick Ⅱ PC, Anderson RCE, Feldstein 
NA, Meyers PM. Cognitive and functional status after vein of 
Galen aneurysmal malformation endovascular occlusion. World 
J Radiol 2012; 4(3): 83-89  Available from: URL: http://www.
wjgnet.com/1949-8470/full/v4/i3/83.htm  DOI: http://dx.doi.
org/10.4329/wjr.v4.i3.83

INTRODUCTION
Vein of  Galen aneurysmal malformations (VGAMs) are 
a group of  congenital arteriovenous fistulas that com-
prise up to 37% of  intracranial vascular lesions in the 
pediatric population[1]. Rather than a brain arteriovenous 
malformation of  the true vein of  Galen, VGAMs rep-
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resent an arteriovenous fistula with drainage to a persis-
tent embryonic vein, the median prosencephalic vein of  
Markowski[2]. These lesions can present with high-output 
congestive heart failure, seizures, failure to thrive, hydro-
cephalus, and brain hemorrhage. High surgical morbidity 
and mortality, exceeding 90% in some series, has led to 
the development of  endovascular techniques that more 
safely and effectively treat these lesions[3-6]. The use of  
staged procedures utilizing both transarterial and trans-
venous catheter access routes to deliver a variety of  solid 
and liquid embolic materials have enabled high rates of  
anatomic occlusion with good clinical outcomes. In large 
series, favorable outcomes after endovascular treatment 
are seen in approximately 60%-75% of  patients[7-13].

Despite advancements in the endovascular treatment 
of  VGAMs, neurological development and cognitive 
function may be impaired in survivors. However, only a 
limited number of  reports address this issue directly[7,8,14]. 
Although transvenous techniques are potentially curative 
in many cases, some investigators have expressed concern 
that transvenous embolization is associated with worse 
cognitive outcomes than transarterial embolization and 
should be avoided. To assess this concern, we retrospec-
tively reviewed our experience in treating VGAMs using 
transvenous methodology, with particular attention to 
clinical cognitive assessments during ongoing follow-up.

MATERIALS AND METHODS
Between 2003 and 2009, five pediatric and adult patients 
with symptomatic vein of  Galen aneurysmal malforma-
tions underwent evaluation and transvenous endovascular 
treatment at our institution. A retrospective review of  
all patient records, including office and hospital charts as 
well as of  available diagnostic cerebral angiograms and 
other imaging studies, was performed in accordance with 
Institutional Review Board stipulations and approval. 
Baseline clinical characteristics, lesion classification, en-
dovascular surgery details, periprocedural complications, 
and follow-up data were collected for this review (Tables 
1 and 2).

In addition to routine clinical and neurological exami-
nation, the cognitive and functional status of  each patient 
was evaluated during the most recent post-embolization 
follow-up office visit. The executive/cognitive items from 
the Neurobehavioral Rating Scale-Revised (NRS-R)[15,16], 
the Bicêtre outcome score[8], and the Barthel index[17] 
were used in the evaluation of  each patient. Factors load-
ing under executive/cognitive in the NRS-R included pa-
tient difficulties with planning, mental flexibility, memory, 
disorientation, initiative or motivation, self-appraisal, con-
ceptual disorganization, and oral comprehension[15]. As 
is standard for the NRS-R, each patient was graded on a 
four-tier scale including absent, mild, moderate, or severe 
difficulty for each item evaluated. The Bicêtre outcome 
score (BOS) is a global clinical measure for the assess-
ment of  cognitive outcome. As described by Lasjaunias 
et al[8], patients with BOS 3-5 are neurologically normal, 

those with BOS 2 are moderately retarded, while patients 
with BOS 1 are severely retarded. For small children, par-
ents were queried regarding specific cognitive and func-
tional impairments.

RESULTS
Five patients underwent catheter cerebral arteriography 
and transvenous embolization of  their VGAM during the 
six-year study period (Table 1). The cohort underwent 
13 embolization procedures including 1 to 3 treatment 
stages per patient. VGAMs were initially diagnosed in 
the neonatal period (2/5), in early childhood (2/5), and 
during adulthood (1/5). One patient (Patient 5) origi-
nally presented at the age of  21 mo with macrocephalus 
and cranial bruit, but underwent definitive endovascular 
embolization as an adult at the age of  32 years for com-
plaints of  progressive dementia, severe headaches and 
intractable seizures. The two neonates presented acute
ly with congestive heart failure (CHF) while the other 
patients presented in a delayed fashion with headache, 
macrocephalus, cranial bruit, prominent scalp veins, or 
progressive presenile dementia. A variety of  preliminary 
diagnostic imaging modalities were employed including 
head ultrasound, skull radiography, head computed tomo
graphy, and brain magnetic resonance imaging (Figure 1).

Diagnostic catheter cerebral angiography was per-
formed in all patients for treatment planning and as a 
guide to endovascular therapy. VGAMs were classified 
based on angioarchitecture as either choroidal (1/5) or 
mural (4/5) according to the classification scheme of  
Lasjaunias[8,11,18,19]. Choroidal lesions are characterized by 
an extensive arterial network interposed between larger 
arterial feeders prior to high flow drainage into the ve-
nous malformation (Figure 2A-D). Mural lesions do not 
have an interposed arterial network and consist of  one 
or more direct fistulas to the median prosencephalic vein 
(Figure 2E and F).

All patients were placed under general anesthesia 
prior to endovascular treatment. Staged embolizations via 
combined transarterial and transvenous routes were then 
performed with systemic heparinization (Table 2). In one 
patient (Patient 3) who underwent a single-staged emboli-
zation, catheter access to the median prosencephalic vein 
was achieved by passing the microcatheter tip from the 
arterial side into the recipient draining vein. Thrombo-
genic platinum coils and a liquid embolic agent (Trufill®  
NBCA, Codman Cordis; Raynham, MA, United States) 
were primarily used to occlude the fistulas comprising the 
malformation.

There were a total of  three periprocedural complica-
tions in two patients during the study period (Table 2). 
Patient 1 developed a small, subclinical left parietal infarct 
and subsequently a small, asymptomatic intraventricular 
hemorrhage (IVH) after the third stage of  embolization. 
Patient 3 developed a small, subclinical germinal matrix 
hemorrhage. The left parietal infarct (Patient 1) was 
thought to be due to stagnation and retrograde thrombo-
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sis of  an embolized arterial feeder. The IVH (Patient 1) 
occurred in the setting of  a consumptive coagulopathy 
and was treated by aggressive resuscitation with platelets 

and fresh frozen plasma. The germinal matrix hemor-
rhage (Patient 3) was identified during a routine outpa-
tient follow-up transfontanelle ultrasound three weeks 

Table 1  Patient characteristics

Patient Age1 Gender Presenting symptoms Initial diagnostic imaging

1 Birth/5 d Male Congestive heart failure, cranial bruit Non-contrast head computed tomography
2 5 mo/8 mo Male Macrocephalus, cranial bruit Magnetic resonance imaging brain +/- contrast
3 Prenatal/5 d Female Congestive heart failure Prenatal ultrasound
4 24 yr/27 yr Male Face pain, dementia Magnetic resonance imaging brain +/- contrast
5 21 mo/32 yr Female Macrocephalus, cranial bruit Skull X-ray

1At presentation/ at stage 1 embolization

Table 2  Galen aneurysmal malformations endovascular occlusion

1At presentation/ at stage 1 embolization. IVH: Intraventricular hemorrhage.

Patient Angio-
architecture

n 1 Endovascular 
access

Extent of 
occlusion

Clinical endpoint Embolic agents Periprocedural complications

1 Choroidal 3 Transarterial and 
transvenous

Complete Normalization of cardiac 
function

Fibered and non-fibered 
platinum coils, N-butyl 
cyanoacrylate

Left parietal infarct post stage 
2 embolization, consumptive 
coagulopathy and IVH post 
stage 3 embolization

2 Mural 3 Transarterial and 
transvenous

Complete Normalization of head 
circumference

Fibered and non-fibered 
platinum coils, NBCA, 
Berenstein liquid coils

None

3 Mural 1 Transarterial and 
transvenous

Subtotal Normalization of cardiac 
function

Fibered and non-fibered 
platinum coils

Small germinal matrix 
hemorrhage 21 d post 
embolization

4 Mural 3 Transarterial and 
transvenous

Complete Resolution of vascular 
dementia and hemifacial 
pain

Fibered and non-fibered 
platinum coils, NBCA

None

5 Mural 3 Transarterial and 
transvenous

Near 
complete

Resolution of vascular 
dementia, seizures, and 
headaches

Fibered and non-fibered 
platinum coils, NBCA, hydrogel 
coils, polyvinyl alcohol, ethanol

None

Figure 1  Preliminary diagnostic imag-
ing in Galen aneurysmal malformations 
patients. A: Portable chest radiograph in 
a newborn (Patient 1) with clinical signs of 
congestive heart failure and a cranial bruit 
demonstrates cardiomegaly and pulmonary 
vascular congestion; B: A non-contrast 
head computed tomography shows an 
enlarged midline vascular structure in the 
posterior fossa consistent with a Galen an-
eurysmal malformations (VGAM); C, D: In 
another patient (Patient 3) who presented 
similarly, color Doppler ultrasound (C) in-
dicates the presence of a posterior midline 
vascular pouch subsequently shown by 
magnetic resonance (MR) venography to 
be a VGAM (D); E, F: Alternatively, con-
trast-enhanced brain MR imaging was the 
initial diagnostic imaging used to diagnose 
a VGAM in Patient 2 who presented with 
macrocephalus and cranial bruit.

A B C
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after completion of  embolization. No long-term clinical 
sequelae were seen in either patient. Patient 5 initially 
presented with residual neurological deficits secondary to 
a remote stroke and ICH which occurred after an embo-

lization in the 1970s using non-selective arterial injection 
of  silastic beads (Figure 3).

Follow-up ranged from 2 to 97.2 (median 62.6) mo. 
At the time of  last follow-up, all patients were neurologi-

Figure 2  Catheter cerebral arteriography and embolization of Galen aneurysmal malformations. A, B: Arteriovenous shunting through a fine arterial network 
is seen within choroidal-type Galen aneurysmal malformations (VGAMs); C, D: Combined transarterial and transvenous embolization in this patient (Patient 1) enabled 
complete obliteration of the lesion; E, F: Direct fistulas to the venous pouch with feeders from the anterior (E) and posterior (F) cerebral arteries are seen in mural-type 
VGAMs (E and F); G, H: Palliative partial embolization in this patient (Patient 3) enabled resolution of congestive heart failure.

A B C D

FE HG

Figure 3  Galen aneurysmal malformations-associated cerebral vascular changes. A: Sagittal T1-weighted magnetic resonance imaging in this adult (Patient 
5) with a VGAM shows extensive flow voids within the quadrigeminal cistern and in the medial parietal and occipital lobes; B, C: Catheter cerebral arteriography with 
internal carotid (B) and vertebral artery (C) injections show that multiple independent arteriovenous fistulas of the sagittal sinus, falx, and tentorium are present; D, E: 
Post-embolization lateral scout (D) and left vertebral artery angiogram (E) show the coil mass within the venous pouch and near complete obliteration of the lesion. 

Ellis JA et al . Vein of Galen malformation endovascular occlusion
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cally intact with no functional or cognitive deficits or 
were unchanged (Table 3). Patient 5 remained stable after 
completion of  staged embolizations but had mild persis-
tent functional and cognitive deficits. As previously stat-
ed, the two patients with periprocedural complications 
had no appreciable long-term cognitive or functional 
impairments.

DISCUSSION
In several large series, serious long-term morbidity or 
death was the outcome after endovascular therapy in a 
significant number of  VGAM patients[7-11,20-22]. The use 
of  transvenous occlusion methodologies have been im-
plicated in at least a subset of  these poor outcomes[8,19]. 
However, the long-term cognitive effects of  transvenous 
VGAM endovascular obliteration are unknown. Prior 
reports either do not address this issue directly or include 
patients who were treated a decade or more ago, and thus 
do not reflect outcomes seen with the use of  modern 
equipment and techniques. Our group routinely utilizes 
transvenous embolization as part of  a broader strategy to 
effect maximal VGAM occlusion. Therefore, we reviewed 
our contemporary experience in the endovascular treat-
ment of  VGAMs and specifically delineate the cognitive 
and functional outcomes observed using standardized as-
sessment measures.

Based on results from a developmental questionnaire, 
Fullerton et al[7] specifically reported the neurodevelop-
mental outcomes of  patients with VGAMs and found 
that 39% of  surviving patients had significant develop-
mental delay. Various groups have utilized other measures 
including Bicêtre outcome scores and found similar rates 
of  developmental delay or retardation in the VGAM 
population[8,10]. While we present a smaller cohort of  pa-
tients, our results indicate that very good cognitive and 
functional outcomes can be obtained after endovascular 
treatment of  VGAMs with low attendant complication 
rates. All patients reviewed for this study had excel-
lent clinical, cognitive, and functional outcomes during 
near- and long-term follow-up. Cognitive impairment 
secondary to therapeutic embolization was not observed. 
However, two minor intracranial hemorrhages and one 
small ischemic stroke occurred in the study group. These 

complications were not associated with residual cognitive 
or functional deficits. Prior observations that hemorrhage 
is not incompatible with a good outcome in VGAM pa-
tients are supported by this study[23]. Importantly, within 
the cohort of  patients treated during this study, no deaths 
or serious morbidity were seen.

No strict protocols were employed in the manage-
ment of  the VGAM patients presented. For each patient, 
a multi-disciplinary approach was taken with the help 
of  neonatologists, neurointensivists, adult and pediatric 
cardiologists, neurologists, pediatricians, neurointerven-
tionalists, and neurosurgeons. Treatment decisions were 
based on age, presenting symptoms, and clinical status. 
While not ideal, embolization during the early postnatal 
period may be warranted to reduce arteriovenous shunt-
ing and improve cardiac status. Early intervention may 
also reduce the risk of  brain parenchymal loss which is 
associated with permanent neurological deficits[24]. Con-
versely, it has been argued that severe CHF and low neo-
natal scores may warrant withholding treatment[21]. When 
a decision was made to proceed with treatment, the goals 
of  therapy were individualized, tailored to the unique 
clinical scenario. For example, whereas in general multi-
stage embolizations, a goal of  complete or near complete 
VGAM occlusion is often desired, subtotal obliteration 
may be a sufficient temporizing measure as was the case 
in Patient 3.

A technical strategy employing combined transarte-
rial and transvenous embolization routes was used for 
all patients in this series. This is in contrast to alternative 
strategies which include: (1) purely transvenous emboliza-
tion; (2) maximal transarterial embolization followed by 
transvenous occlusion in select cases; or (3) purely trans-
arterial embolization with strict avoidance of  transvenous 
occlusion[8,9,11,25-27]. Reasons often cited for avoidance of  
transvenous embolization include venous infarction, dis-
tal migration of  embolic material, and normal perfusion 
pressure breakthrough syndrome resulting in malignant 
cerebral edema or hemorrhage. In our experience, the 
simultaneous use of  both transarterial and transvenous 
embolization facilitated VGAM occlusion without the 
introduction of  technical difficulty or additional serious 
complications. Indeed, the use of  a transvenous route 
is sometimes necessary as the VGAM may have arterial 

Table 3  Treatment outcomes

Patient Follow-up1 Clinical status Bicêtre outcome 
score

Barthel index 
score

NRS-R executive/cognitive item 
difficulties

1 97.2 CHF resolved, neurologically intact 5 100 None
2 62.6 Neurologically intact 5 100 None
3 30.9 CHF resolved, neurologically intact, meeting all 

developmental milestones
5 NA NA

4           2 Neurologically intact, facial pain relief 5 100 None
5 74.8 Neurological deficits including: abducens nerve palsy, 

left sided hemiparesis (ambulates independently with 
leg brace), and decreased visual acuity

2   95 Mild disorientation, memory, self-
appraisal, planning, and decreased 
initiative/motivation

1Months post Galen aneurysmal malformations embolization. NRS-R: Neurobehavioral Rating Scale-Revised; CHF: Congestive heart failure; NA: Not 
avaliable.

Ellis JA et al . Vein of Galen malformation endovascular occlusion
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feeders that are either inaccessible to microcatheteriza-
tion, supply eloquent brain en route to the fistula, or are 
simply too numerous to embolize individually. Transve-
nous embolization may also be warranted if  there is per-
sistent retrograde venous drainage indicative of  ongoing 
venous hypertension, which can be the inciting cause of  
hydrocephalus, macrocephaly, ischemic brain injury, and 
hemorrhage[8,26-28].

Treatment staging is also an important strategy to 
consider in the management of  VGAM patients. While 
some practitioners try to avoid multiple embolization 
procedures[11], we believe that the excellent cognitive 
outcomes seen in our patients are, in part, the result of  
appropriate treatment staging. The staging of  emboliza-
tion allows for gradual lesion occlusion and thrombosis 
which promotes the development of  alternative physi-
ologic, non-fistulous drainage pathways[25]. Additionally, 
prolonged single-session radiation and iodinated contrast 
exposure are avoided by use of  this strategy.

Vein of  Galen aneurysmal malformations can be safe-
ly and effectively treated by current endovascular tech-
niques with low attendant risks of  morbidity or mortality. 
Patients treated with a strategy of  staged transarterial and 
transvenous embolizations can have excellent long-term 
cognitive and functional outcomes. A multidisciplinary 
approach with individualized therapeutic goals, tailored to 
the unique clinical scenario will ensure the best possible 
outcome for each patient.
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Abstract
AIM: To evaluate magnetic resonance imaging (MRI) fea­
tures of different types of gray matter heterotopia.

METHODS: Between June 2005 and December 2009, 
the medical records and MRI studies of patients with 
gray matter heterotopia were reviewed. The MRI mor­
phologic findings of heterotopia were recorded along 
with the presence and type of associated cranial malfor­
mations. Available clinical and electrophysiological data 
were also recorded.

RESULTS: 20 patients were included in the study. Their 
ages ranged from 9 mo to 39 years with a mean age of 
15 years. All patients suffered from epileptic seizures. 
According to the location of heterotopia, patients were 
classified into three groups: subependymal (12), sub­
cortical (5) and band (3) heterotopia. 

CONCLUSION: MRI was useful in diagnosing and differ­
entiating between various types of gray matter heteroto­
pia. The severity of clinical manifestations of heterotopia 
was related to the location and pattern of heterotopia. 
Determination of heterotopia type and its extent is use­
ful for management planning and predicting prognosis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Gray matter heterotopia is a relatively common form 
of  neuronal migration disorder in which collections of  
cortical neurons are found in an abnormal location. It 
results from an in utero arrest of  radial migration of  neu-
rons from the germinal matrix in the wall of  the lateral 
ventricle to the developing cerebral cortex between 6 and 
16 weeks of  gestation[1,2]. It is usually discovered during 
the evaluation of  children or young adults with epilepsy, 
children with neurodevelopmental abnormalities, or as an 
incidental finding[3-5].

The pathogenic mechanisms of  gray matter hetero-
topia are not fully understood, but they lead to distinct 
clinicoradiological syndromes. Pathological classification 
of  heterotopia includes nodular, laminar, and leptomen-
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ingeal, (double cortex or band heterotopia)[1,3,6]. This clas-
sification is not particularly useful from a clinical perspec-
tive[1].

Neuroradiologists, basing their ideas on magnetic 
resonance imaging (MRI) appearances, have classified 
heterotopia into subependymal, subcortical, and band 
heterotopia[3,7-9]. The three forms of  heterotopia were 
classified on the basis of  the location and configuration 
of  the ectopic gray matter tissue. Subependymal hetero-
topia consists of  small foci of  gray matter that are locat-
ed in a subependymal location in close proximity to the 
ventricular wall. Subcortical heterotopia occurs as masses 
of  gray matter within the deep and subcortical white 
matter. Band heterotopia was described as a symmetrical 
thick band of  gray matter with smooth inner and outer 
margins that lies between layers of  white matter[10-13]. The 
purpose of  this study is to evaluate MRI features of  dif-
ferent types of  gray matter heterotopia.

MATERIALS AND METHODS
A consecutive series of  patients with gray matter hetero-
topia during the period from June 2005 and December 
2009 were studied. Medical records and MRI studies of  
all patients were reviewed. MRI morphologic findings of  
heterotopia were recorded along with the presence and 
type of  associated cranial malformations. Available clini-
cal and electrophysiological data were also recorded. All 
patients presented with a history of  seizures, their clinical 
histories were reviewed with specific attention to the fol-
lowing; type of  seizures, age at seizure onset, response to 
antiepileptic medications, associated cognitive or motor 
deficits; antenatal and perinatal history, developmental 
milestones, school performance and family history. Full 
systemic and neurologic examinations were performed 
during the visits to the neurology clinic. Electroen-
cephalography (EEG) was carried out for each patient 
using the international 10-20 system. Head computed 
tomography (CT) scans were available for 12 patients. 
Cranial MRI studies were performed using a 1.5-T scan-
ner (Symphony, Siemens Medical Systems, Erlangen, 
Germany). The following series of  images were acquired: 
a- Sagittal, and axial T1WI: TR: 500-600 ms, TE: 14-20 
ms. b- Axial and coronal T2WI: TR: 2500-4000 ms, TE: 
80-120 ms. c- Axial FLAIR (Fluid-attenuated inversion 
recovery): TR: 7000-9000 ms, TE: 90-140 ms, TI: 2500 
ms. d- Axial and coronal inversion-recovery (IR): TR/
TI/TE (7000/400/70 ms). Advanced gradient echo se-
quence providing high contrast between white and gray 
matter is used as Fast Low Angle Shot and was used in 
10 cases and turbo IR images were performed for 8 pa-
tients. Intravenous Gadolinium-DTPA (0.1 mmol/kg) 
T1WI in three planes was obtained for 9 patients as a 
space occupying mass was suspected on plain MRI. In 
all series, the thickness/gap was 5/1 mm, the matrix was 
256 �� �������������������������������       �� ���� ������������� × �������������������������������       �� ���� ������������� 256 and the field of  view was 23 cm. According to 
Barkovich[1], we classified heterotopia into three groups; 
subependymal, subcortical and band heterotopia.

RESULTS
During the study period, we included 20 patients with an 
MRI diagnosis of  gray matter heterotopia. The mean age 
(± SD) of  these patients was 14.6 (± 2.17) years, with a 
range from 9 mo to 39 years. Fourteen patients were fe-
males and 6 were males. All patients had a history of  epi-
leptic seizures. Patients were classified into three groups 
(Tables 1-3). 

Subependymal heterotopia 
This group included 12 patients (8 females and 4 males), 
aged 8 to 39 years with a mean age (± SD) of  17.9 (± 2.66) 
years. Details of  the clinical, EEG and MRI findings 
of  these patients are shown in Table 1. Subependymal 
heterotopia (SEH) had the MRI appearance of  round to 
ovoid subependymal nodules, located just beneath and 
abutted the ependymal lining of  the lateral ventricles and 
protruding slightly into its lumen resulting in an irregular 
ventricular outline. The number and size of  heteroto-
pia varied widely, from small nodules to a thick layer 
of  coalescent nodules of  gray matter lining the lateral 
ventricles. The nodules were isointense to the cortical 
gray matter on all MRI sequences (Figure 1). Contrast-
enhanced T1WI studies were obtained in 4 patients, and 
the nodules showed no enhancement. The nodules were 
bilateral in 8 patients and unilateral in 4 patients. The 
trigone and occipital horns of  lateral ventricles were the 
commonest location of  subependymal nodules followed 
by the body and frontal region of  the lateral ventricle. 
Associated brain anomalies were detected in only two 
patients, one had ventricular dilation and the other had 
Dandy Walker cyst.

Subcortical heterotopia 
This group included 5 patients (3 females and 2 males), 
aged from 1 year to 27 years with a mean age (± SD) of  
11.8 (± 4.4) years. Details of  the clinical, EEG and MRI 
findings of  these patients with subcortical heterotopia 
(SCH) are shown in Table 2. SCH appeared on MRI as 
regions of  gray matter signal intensity within the cerebral 
hemispheric white matter. Their sizes varied from a few 
centimeters to large focal lesions that appeared as a mass 
with distortion of  the adjacent ventricle but no enhance-
ment after contrast. Three patients were diagnosed as hav-
ing purely nodular SCH as there was no definite contigu-
ity of  the heterotopia with the cerebral cortex (Figure 2).  
The affected area of  the cerebral hemisphere was re-
duced in size compared with the normal contralateral 
hemisphere. One patient had curvilinear SCH (Figure 3) 
as the heterotopic tissue had the appearance of  enfolded 
cortex and showed contiguity with the cortex. One pa-
tient had mixed regions of  both nodular and curvilinear 
SCH (Figure 4) as the gray matter nodules were seen in 
deep portions within the cerebral hemispheric white mat-
ter and the curvilinear portions were seen in the superfi-
cial portion and showed contiguity with the cortex. Three 
patients had associated brain abnormalities; two patients 
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had agenesis of  the corpus callosum and the third had 
ventricular distortion.

Band heterotopia
This group included 3 patients, all were females; aged 

Patient/sex/age 
(yr)

Seizure type Developmental 
milestones

Neurological 
examination

EEG findings MRI characteristics of heterotopia  

1/F/8 Simple partial 
motor

Normal Normal Focal spikes Unilateral nodule affecting frontal horn of 
right lateral ventricle

2/F/15 Complex partial Delayed speech Mild spasticity Focal spikes Bilateral nodules affecting both trigones 
3/F/22 Tonic-clonic Delayed walking Spasticity General spike-wave Bilateral nodules affecting body of both 

lateral ventricles
4/F/14 Mixed Learning disability Hyperactivity, 

spasticity
General slow wave Bilateral nodules affecting body of right 

lateral ventricle
5/M/12 Complex partial Delayed speech Spasticity Focal spikes Unilateral coalescent nodules affecting 

frontal horn of left lateral ventricle
6/F/10 Simple partial 

motor
Normal Normal Focal spikes Bilateral nodules affecting trigone and 

occipital horns
7/M/39 Complex partial Delayed walking Hyperactive stretch 

reflexes 
Focal spikes Bilateral nodules affecting trigone and 

occipital horns
8/F/26 Simple partial 

motor
Normal Ataxia Focal spikes Unilateral nodules affecting trigone of right 

lateral ventricle, Dandy Walker cyst
9/F/18 Simple partial 

motor
Normal Spasticity Focal spikes Unilateral nodules affecting body of left 

lateral ventricle
10/M/13 Tonic-clonic Delayed speech Normal General slow wave Bilateral nodules affecting body of both 

lateral ventricles
11/F/28 Clonic Learning disability Hyperactivity Slow wave Bilateral nodules affecting trigone and 

occipital horns and ventricular dilatation 
12/M/10 Tonic-clonic Normal Normal General spike-wave Bilateral nodules affecting trigone and 

occipital horns

Table 1  Data of 12 patients with subependymal heterotopia

M: Male; F: Female; EEG: Electroencephalography; MRI: Magnetic resonance imaging.

Patient/sex/age 
(yr)

Seizure type Developmental 
milestones

Neurological  examination EEG findings MRI characteristics of heterotopia  

1/M/27 Complex partial Delayed motor Left hemiparesis Focal spikes, 
slow wave 

Large, nodular mass at right fronto-parietal 
lobes, extends across midline and ACC

2/F/15 Mixed Delayed walking spasticity Focal spikes, 
slow waves 

Small, multiple nodular, right frontal and 
parietal lobes 

3/F/9 General tonic-
clonic

Delayed speech 
and motor

Right hemipariesis Spike-wave Small, multiple, nodular, left parietal and 
ACC

4/F/7 General tonic-
clonic

Delayed speech 
and motor

Attention deficit, hyperactivity, 
bilateral spasticity

General spike-
wave

Bilateral curvilinear 

5/M/1 Mixed Delayed walking Hyperactive reflexes General slow 
wave 

Mixed nodular and curvilinear and  
distorted ventricles 

Table 2  Data of 5 patients with subcortical heterotopia

M: Male; F: Female; EEG: Electroencephalography; MRI: Magnetic resonance imaging; ACC: Anterior corpus callosum.

Table 3  Data of 3 patients with band heterotopia

M: Male; F: Female; EEG: Electroencephalography; MRI: Magnetic resonance imaging.

Patient/ sex/age Seizure type Developmental 
milestones

Neurological examination EEG findings MRI characteristics  of heterotopia

1/F/13 yr Mixed Delayed speech, 
motor

Nystagmus, dysartheria, 
spasticity 

Generalized spike-wave Bilateral diffuse thick bands at fronto-
parietal lobes and pachygyria 

2/F/4 yr Tonic-clonic, 
myoclonic 

Delayed motor Microcephaly, bilateral 
spasticity

Generalized slow waves, 
polyphasic waves

Bilateral diffuse thick bands at both 
occipital lobes and pachygyria 

3/F/9 mo Infantile 
spasms

Delayed speech, 
motor

Spasticity, hyperactive 
reflexes

hypsarrhythmia Bilateral diffuse thick bands at both 
fronto-parietal lobes and lissencephaly 

Donkol RH et al . MRI of grey matter heterotopia
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Figure 1  Subependymal heterotopia. A, B: Axial inversion-recovery magnetic resonance (MR) images; C-E: Axial (C, D) and coronal T2 W (E) images showing 
multiple bilateral subependymal gray matter heterotopic nodules protruding into and indenting the trigone of the lateral ventricles and the left occipital horn (arrows). 
The nodules are isointense to cortical gray matter; F: Axial contrast-enhanced T1WI shows no enhancement of the nodules; G, H: Axial T1W and T2W MR images 
revealing unilateral focal subependymal gray matter nodule (arrow) protruding into and indenting the frontal horn of the right lateral ventricle. The nodule is isointense 
to the cortical gray matter. Mild ventricular dilatation is noted with absent septum pelucidum; I, J: Axial T2 WI and inversion-recovery MR image showing a unilateral, 
large subependymal heterotopic gray matter mass projecting into the frontal horn of the left lateral ventricle. The mass is isointense to the cortical gray matter.

Figure 2  Subcortical nodular heterotopia. A: Contrast-enhanced axial computed tomography shows a large right fronto-parietal, non-enhancing mass exerting 
mass effect on the right lateral ventricle; B-D:Non-contrast enhanced magnetic resonance imaging (B), axial T1W, (C) axial T2W and (D) coronal T2W images show-
ing a large subcortical nodular mass, isointense to the cortical gray matter. The overlying cortex is thin and the corpus callosum is agenetic.

Figure 3  Subcortical curvilinear heterotopia. A, B: Axial T2W and coronal 
T2W images showing bilateral curvilinear heterotopia within the white matter. 
The heterotopic tissue is convoluted and contiguous with the overlying cortex. 
Linear and punctuate cerebrospinal fluid signal are seen within the heterotopic 
tissue. The cerebral cortex shows pachygyria.

Figure 4  Mixed nodular and curvilinear subcortical heterotopia. A, B: Axial 
T2W and coronal T2W images showing multiple nodular and curvilinear hetero-
topia within the white matter bilaterally. The overlying cortex shows pachygyria. 
The right cerebral hemisphere is smaller compared to the left cerebral hemi-
sphere. The corpus callosum is agenetic with distorted lateral ventricles.

A B C D E

F G H I J

A B C D

A B A B
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from 9 mo to 13 years with a mean age (± SD) of  5.9 (± 
3.6) years. Details of  the clinical, EEG and MRI find-
ings of  these patients with band heterotopia (BH) are 
shown in Table 3. Band heterotopia appeared as smooth, 
bilateral and symmetric ribbons of  gray matter found in 
the central white matter between the cerebral cortex and 
the ventricular surface and separated from the cortex by 
normally myelinated white matter. BH was present in 
both cerebral hemispheres and had the same MRI signal 
intensity as the cortical gray matter on all MRI sequences 
(Figure 5). Two patients had associated pachygyria and 
one patient had lissencephaly. All patients in this group 
were developmentally delayed.

DISCUSSION
Malformations of  cortical development are more com-
mon than was recognized in the era before MRI, as het-
erotopia on CT may be difficult to visualize[1,14]. Hetero-
topia is the most frequently occurring anomaly affecting 
cortical development. It is considered to be one of  the 
most common congenital disorders in familial and early 
onset epilepsy[14-18]. MRI classification of  gray matter het-
erotopia into subependymal, subcortical, and band types 
has been considered useful because patients in these 
three groups have different clinicoradiologic presenta-
tions and different underlying genetic disorders[3,5,19]. This 
classification of  heterotopia may be useful in predicting 
patient outcome[2]. Several authors have reported that 
patients in all three heterotopia groups are very likely 
to develop epilepsy which is more commonly found in 
females than males[1,3,11,14]. In our study, all patients had 
a history of  seizures and the female to male ratio was 
14:6. In the current study, the three types of  heterotopia 
were detected by MRI; SEH was the commonest type, 
followed by SCH, while BH was the least common type. 
On MRI; the heterotopic tissue was isointense with gray 
matter on all MR pulse sequences. The inversion recovery 
sequence was considered useful for the demonstration of  
heterotopic gray matter and the assessment of  cortical 
thickness as it provides a strong contrast between gray 
and white matter. A similar frequency and MRI appear-

ance has been reported in the literature[1-5].
SEH is characterized by periventricular nodules adja-

cent to the lateral ventricular walls just beneath and abut-
ting the ependyma giving the nodular ventricular wall, and 
is not enhanced after intravenous contrast administration. 
This allows these nodules to be distinguished from the 
subependymal nodules of  tuberous sclerosis that do not 
follow gray matter signal, and enhance after contrast ad-
ministration[1,2,10-13]. SEH may be isolated or may develop 
in conjunction with other central nervous system malfor-
mations. It can be subdivided genetically into X-linked 
and non-X-linked inheritance patterns. They can be sub-
divided anatomically into unilateral focal, bilateral focal 
and bilateral diffuse groups. Some patients with SEH are 
neurologically and developmentally normal[1,12,20].

In this series, patients with SEH had a relatively late 
onset of  seizures of  different types. Simple partial seizure 
was the commonest type reported. Five patients had nor-
mal development and the remaining patients had mild de-
velopmental delay. The most common EEG abnormality 
was focal spikes. These findings are in agreement with 
other studies[1,2,8,10,11,15].

The present study, like many others, has demonstrated 
that MRI is excellent in the detection and characteriza-
tion of  SEH nodules[1,2,11,21-23]. The nodules are most 
likely to be bilateral and commonly at the trigone and 
occipital horns of  lateral ventricles. It was reported that 
SEH caused little or no distortion of  the remaining brain, 
whereas focal SCH caused marked distortion of  the 
ventricles and diminished hemisphere size. In addition, 
surrounding white matter is normal in SEH, whereas 
most of  the hemispheres containing SCH had qualita-
tively diminished white matter[1,3]. In our study, only 18% 
of  patients with SEH had associated brain anomalies. 
Mithchell et al[12] reported that SEH was occasionally ac-
companied by mild ventricular dilation.

In the present study, MRI showed SCH in five pa-
tients. Three patients had purely nodular SCH, one pa-
tient had curvilinear SCH and another patient had mixed 
nodular and curvilinear SCH. Barckovich et al[3] reported 
that SCH usually consists of  swirling, heterogeneous, 
nodular or curvilinear masses of  gray matter containing 

Figure 5  Band heterotopia. A, B: Axial T2W and coronal inversion-recovery images showing bilateral thick bands of heterotopia, isointense to cortical gray matter 
within the white matter. Note the pachygyria and small left cerebral hemisphere; C, D: Axial T2W and inversion-recovery images showing bilateral, symmetric, continu-
ous, smooth, thick bands of gray matter (arrow) outlined by thin layers of white matter and seems like a “double cortex”. Note the very thin, smooth cerebral cortex 
with absent cortical sulci (lissencephaly).

A B C D
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blood vessels and cerebrospinal fluid (CSF). It is reported 
that SCH extends through the white matter, from the 
ventricular surface to the cerebral cortex. In the current 
study, the affected area of  the hemisphere was reduced in 
size compared with the normal contralateral hemisphere 
in three patients. Three of  the five patients with SCH had 
associated brain abnormalities. In the present study, as in 
other studies, patients with SCH had a higher prevalence 
of  developmental delay and motor dysfunction compared 
to the SEH group and had variable motor and intellectual 
disturbances, depending on the size of  the lesion and the 
effect on the underlying cortex[3,5]. There were no differ-
ences in clinical manifestations among the different types 
of  SCH.

Band heterotopia or double cortex syndrome usually 
occurs in females and very rarely in males. MRI shows 
the characteristic appearance of  BH as a smoothly mar-
ginated layer of  gray matter coursing parallel to the lateral 
ventricle, separated from the overlying cortex and under-
lying ventricle by layers of  white matter. Bands are nei-
ther convoluted nor contiguous with the overlying cortex. 
They do not contain blood vessels or CSF. The thicker 
the band of  heterotopic neurons; the worse the disability 
and increased prevalence of  developmental delay[1,4,9]. In 
the present study, MRI showed band heterotopia in three 
females. Two patients had associated pachygyria and one 
had lissencephaly. All patients in this group had severe 
developmental delay.

The assessment of  neuronal heterotopias and their 
pathophysiological significance in epilepsy are still the 
subject of  debate. Many reports either classify all neu-
ronal migration disorders together, or lump them with 
other cortical dysgeneses. Also, the mechanisms by which 
heterotopic gray matter results in seizures are unclear and 
future respective strategies will have to take into account 
the multiplicity of  heterotopic lesions, their localization, 
and their effects on overlying cortical functional orga-
nization. In our study, the clinical, EEG, psychometric, 
and neuroimaging features of  20 patients with gray mat-
ter heterotopia are described and compared with other 
studies with the aim of  reducing debate and emphasizing 
the role of  conventional and advanced MRI sequences 
in differentiating between various types of  gray matter 
heterotopia. The severity of  the clinical manifestations of  
heterotopia is related to the location and pattern of  het-
erotopia. Determination of  the heterotopia type and its 
extent is useful for management planning and predicting 
prognosis.
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Abstract
AIM: To evaluate two simple angle measurements for 
predicting lumbosacral transitional vertebra (LSTV) 
in magnetic resonance imaging (MRI) studies of the 
spine.

METHODS: The lumbar spine MRI studies of 50 sub-
jects with LSTV and 50 subjects with normal lumbosa-
cral anatomy were retrospectively evaluated. In each 
study, the mid-sagittal T2-weighted image was used 
to measure the angle formed by a line parallel to the 
superior surface of the sacrum and a line perpendicular 
to the axis of the scan table (A-angle), as well as the 
angle formed by a line parallel to the superior endplate 
of the L3 vertebra and a line parallel to the superior 
surface of the sacrum (B-angle).

RESULTS: The total study population consisted of 100 
subjects (46 males, 54 females, 51 ± 16 years old). 
There were no differences in age and sex between the 
two groups. Both A-angle and B-angle were significant-

ly increased in subjects with LSTV compared to controls 
(P  < 0.05). The optimal cut-off values of A-angle and 
B-angle for the prediction of LSTV were 39.8° (sensitiv-
ity = 80%, specificity = 80%, accuracy = 83%; 95% 
confidence interval = 74%-89%, P  = 0.0001) and 
35.9° (sensitivity = 80%, specificity = 54%, accuracy 
= 69%; 95% confidence interval = 59%-78%, P  = 
0.0005), respectively.

CONCLUSION: On sagittal MR images of the lumbar 
spine, an increased A-angle and/or B-angle should alert 
the radiologist to the presence of LSTV.

© 2012 Baishideng. All rights reserved.

Key words: Lumbosacral transitional vertebra; Magnetic 
resonance imaging; Lumbar spine; Angle; Prediction

Peer reviewers: Shigeru Ehara, MD, Professor, Chair, Iwate 
Medical University School of Medicine, Morioka 020-8505, 
Japan; Tommaso Bartalena, MD, PhD, Radiology, S. Orsola Uni-
versity Hospital, Via Massarenti 9, 40138 Bologna, Italy

Chalian M, Soldatos T, Carrino JA, Belzberg AJ, Khanna J, 
Chhabra A. Prediction of transitional lumbosacral anatomy 
on magnetic resonance imaging of the lumbar spine. World J 
Radiol 2012; 4(3): 97-101  Available from: URL: http://www.
wjgnet.com/1949-8470/full/v4/i3/97.htm  DOI: http://dx.doi.
org/10.4329/wjr.v4.i3.97

INTRODUCTION
Lumbosacral transitional vertebra (LSTV) is a develop­
mental spinal anomaly, in which the lowest lumbar ver­
tebra shows elongation of  its transverse process and 
varying degrees of  fusion/failure of  segmentation from 
the sacrum[1]. LSTV has been reported to alter the bio­
mechanics of  the lumbar spine and contribute to low 
back pain[2-5]. However, controversy still exists regarding 
the actual clinical significance of  this entity[6,7], which has 
an incidence of  4%-30% in the general population[8]. The 
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radiologic identification and reporting of  LSTV may pro­
vide the clinician with a potential cause for the patient’
s symptoms and prevent erroneous numbering of  the 
lumbar vertebrae, which may have serious implications 
in cases where spinal surgery is contemplated[7,8]. The an­
teroposterior radiograph of  the lumbar spine remains the 
reference standard method to detect the above entity[9], 
but is not always available to the magnetic resonance 
imaging (MRI) reader. On MRI studies of  the lumbar 
spine, LSTVs can be detected either on coronal images 
which highlight the transitional lumbosacral anatomy, or 
on axial images of  the lumbosacral junction which depict 
the pseudoarthrosis or fusion of  the last lumbar vertebra 
with the sacrum. However, coronal images are not usu­
ally acquired in MRI examinations of  the lumbar spine, 
whereas the lumbosacral junction may be erroneously 
identified at the L4-L5 level in sagittal scout images of  
subjects with LSTV, resulting in incomplete axial cover­
age of  the transitional level. As a result, LSTVs may be 
missed on MRI.

We hypothesized that transitional lumbosacral anato­
my is associated with alterations of  the lumbosacral cur­
vature, the assessment of  which could assist in detecting 
the entity on MRI. To validate this hypothesis, we applied 
two specific angle measurements in lumbar spine MRI 
studies of  patients with and without LSTVs.

MATERIALS AND METHODS
Institutional review board approval was granted and in­
formed consent was waived for this HIPAA-compliant 
retrospective study. The MRI database of  our institu­
tion was searched for examinations of  the lumbar spine 
performed in adults over a period of  6 mo (from Janu­
ary to June 2010). Two radiologists, who were blinded 
to the original reports of  the MRI studies, consecutively 
evaluated examinations from newer to older on a picture 
archiving and communication system workstation (Ultra­
visual, Emageon, AL, United States), in order to enroll 
50 subjects with LSTV (study group) and 50 subjects 
without LSTV (control group). In each examination, a 
vertebra was defined as LSTV when (1) on sagittal im­
ages, it was separated from the sacrum by disc material; 
and (2) on axial images, it exhibited uni- or bilateral pseu­
doarthrosis or fusion with the sacral ala[6,9-11]. Subjects 
with scoliosis, listhesis greater than grade 1, and/or his­
tory or MRI findings of  spinal trauma, tumor, surgery or 
infection were excluded. After the selection of  the study 
sample, a software-based goniometer tool was used on 
the mid-sagittal T2-weighted image of  each MRI study in 
order to measure: ����������������������������������������       (���������������������������������������       1) the angle formed by a line parallel 
to the superior surface of  the sacrum and a line perpen­
dicular to the axis of  the scan table (A-angle); and �������� (������� 2) the 
angle formed by a line parallel to the superior endplate of  
the L3 vertebra and a line parallel to the superior surface 
of  the sacrum (B-angle) (Figure 1).

The patient’s age and sex, angle measurements of  
the respective MRI study and side(s) of  pseudoarthrosis 
were registered for each case. In subjects with LSTV, the 

side(s) of  the pseudoarthrosis/fusion was additionally 
recorded. Differences in age, A-angle and B-angle be­
tween the study and control groups were evaluated using 
Student’s t-test for independent samples, and difference 
in sex using χ 2. Receiver operating characteristic (ROC) 
curves were computed to determine the optimal cut-
off  values of  A-angle and B-angle for the prediction of  
transitional lumbosacral anatomy. A probability level of  
0.05 was considered statistically significant. All data were 
stored on a spreadsheet (Excel 2010, Microsoft, Seattle, 
WA, United States), and analyses were performed using 
a commercially available statistical package (MedCalc 8.0, 
MedCalc Software, Mariakerke, Belgium).

RESULTS
The total study population consisted of  100 subjects 
(46 males, 54 females, 51 ± 16 years old). Table 1 sum­
marizes the demographics of  the two groups, along with 
the angle measurements of  the respective MRI examina­
tions. A graphic representation of  the results obtained 
during angle measurements in subjects of  the study and 
control groups is demonstrated in Figure 2. There were 
no differences in age and sex between the two groups. 
Both A-angle and B-angle were significantly increased in 
subjects with LSTV as compared to controls (P < 0.05��, 
Figure 3). In the study group, the pseudoarthrosis/fu­
sion was located on the left side in 19 (38%) cases, on the 
right side in 6 cases (12%) cases, and bilaterally in 25 (50%) 

Figure 1  Mid-sagittal T2-weighted fast spin-echo image of the lumbar 
spine illustrates the angle measurements which were performed in the 
study. A-angle was defined by a line parallel to the superior surface of the sa-
crum and a line perpendicular to the axis of the scan table. B-angle was defined 
by a line parallel to the superior endplate of L3 vertebra and a line parallel to 
the superior surface of the sacrum.

L3

L4

 L5

B-angle

A-angle

Feature Study group Control group P  value

Age (yr) 53 ± 17 48 ± 14    0.1465
Sex (males/females) 22/28 24/26    0.4205
A-angle (degrees) 46.3 ± 7.8 35.9 ± 7.7 < 0.0001
B-angle (degrees) 46.7 ± 8.4 41.6 ± 10.0    0.0035

Table 1  Demographics of the study and control groups, 
along with the angle measurements of the respective magnetic 
resonance imaging examinations
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cases. Based on the ROC curves, the optimal cut-off  val­
ues of  A-angle and B-angle for the prediction of  LSTV 
were 39.8° (sensitivity = 80%, specificity = 80%, area 
under the ROC curve = 0.825; 95% confidence interval 

= 0.737-0.894, P = 0.0001), and 35.9° degrees (sensitiv­
ity = 80%, specificity = 54%, area under the ROC curve 
= 0.687; 95% confidence interval = 0.586-0.776, P = 
0.0005), respectively (Figure 4).
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Figure 2  Graphic demonstration of the results obtained during measurements of the A-angle (A) and B-angle (B) in the two groups of the study. On each 
column, a set of horizontal lines represents the average value (long line) ± SD (short lines).
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Figure 3  T2-weighted images of the lumbar spine. A: The mid-sagittal T2-weighted image of the lumbar spine exhibits increased A-angle (49.38°) and B-angle 
(53.04°); B: Correspinding axial fast spin-echo image in this 42-year-old female subject with transitional lumbosacral anatomy demonstrates bilateral pseudoarthrosis 
of the transitional vertebra with the sacral ala (arrowheads).
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Figure 4  Receiver operating characteristic curves showing the predictive value of A-angle (A) and B-angle (B) for the presence of transitional lumbosacral 
vertebra.
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DISCUSSION
Since the first reported association between LSTVs and 
low back pain by Bertolotti et al[12] in 1917, there has been 
considerable debate and controversy among authors re­
garding the clinical relevance of  the above entity. It has 
been suggested that articulation between a LSTV and the 
sacrum protects the intervening intervertebral disc by 
limiting motion across the pseudoarthrosis and transmit­
ting stress to superior lumbar segments, thereby resulting 
in its early degeneration. In subjects with LSTV, low back 
pain can originate from the pseudoarthrosis, resultant 
instability and degeneration of  the level cephalad to the 
LSTV, compression of  the nerve root from hypertro­
phied transverse process, and the contralateral facet joint, 
when the articulation is unilateral[8]. Clinicians who con­
sider LSTV as a cause of  low back pain and physicians 
who are involved with interventional procedures on the 
lumbar spine would benefit from MRI reports which de­
scribe the presence of  this anatomical variation and pro­
vide accurate numbering of  the lumbar vertebrae. MRI 
of  the lumbar spine lacks the panoramic perspective of  
radiography and the spatial resolution of  computed to­
mography, and unless the radiologist actively interrogates 
for this entity, the detection of  LSTV may be missed.

In our experience, subjects with LSTV frequently 
demonstrate exaggerated lumbar lordotic curvature and 
lack of  sharp angulations at the lumbosacral junction 
on the mid-sagittal MR image. Hence, we employed two 
simple angle measurements, the A-angle and the B-angle, 
which quantify the lumbosacral angulation and sacral in­
clination on sagittal MRI images, respectively. The A-angle 
is identical in measurement to the lumbosacral angle 
measured on lateral radiographs of  the spine, increased 
values of  which have been previously reported to be as­
sociated with low back pain[13]. The B-angle was defined 
by the superior sacral surface and the superior endplate 
of  L3 vertebra, as we have observed that, in most cases, 
the main curvature of  the lumbar spine extends along the 
above levels.

In agreement with our observations, both angles were 
significantly increased in subjects with LSTV as compared 
to controls (Figure 2). The two angles exhibited similar 
levels of  sensitivity; however, the A-angle demonstrated 
higher specificity. Since most radiologists start the evalu­
ation of  lumbar spine MRIs from the sagittal images, it is 
suggested that a measurement of  the A-angle or B-angle 
or at least a gross assessment of  the sacral inclination and 
lumbar lordosis should be performed before proceeding 
to the detailed study assessment. An A-angle of  greater 
than 40°, a B-angle of  greater than 36°, a large inclination 
of  the sacrum grossly with respect to axis of  the scan 
table, or an exaggerated lumbar lordosis should alert the 
radiologist for the possible presence of  an LSTV. Com­
pared to the A-angle, the B-angle may be more difficult 
to measure (e.g., the forming lines may intersect out of  
the image) and is also harder to assess grossly by visual 
inspection. Of  course, exaggerated lumbar lordosis may 
also result from significant degenerative disc disease, age 

or larger degrees of  listhesis. The results of  this study 
suggest that this finding should be carefully scrutinized in 
young subjects to avoid missing an LSTV.

Previous studies have reported several predictive si­
milar signs which can suggest the presence of  LSTV 
in lumbar spine MRIs. O’Driscoll et al[11] described two 
types of  intervertebral discs, which present at the lum­
bosacral junction in subjects with LSTV. The “type I” 
disc is smaller than the superior one, maintains its high 
T2 signal intensity, has no intranuclear cleft, and extends 
along the entire anteroposterior space without any fusion 
between the adjacent endplates, and has been considered 
indicative of  an LSTV. However, the specificity of  the 
above findings is questionable, as in cases of  pseudoar­
throsis the transitional disc may appear normal. A “type 
Ⅱ” disc is a rudimentary disc which is smaller than the 
transitional one, maintains its signal intensity, has no in­
tranuclear cleft, and is associated with fusion of  the an­
terior endplates, both of  which appear concave[11]. Again, 
these signs are non-specific since a residual disc may exist 
at the S1-S2 level in up to 58% of  cases, leading to over-
diagnosis of  LSTV[1]. On axial images, the identification 
of  the iliolumbar ligaments, arising from the L5 vertebra, 
enables precise detection of  LSTV and accurate num­
bering of  the lumbar vertebrae[9]; however, in cases with 
segmentation anomalies of  the thoracolumbar spine, the 
recognition of  L5 vertebra may be incorrect[8]. Another 
study demonstrated that LSTVs commonly assume a 
“squared” appearance in lateral radiographs, with the ra­
tio of  the anteroposterior diameter of  the superior end­
plate to the inferior endplate being less than 1.37[14]. 

By design, retrospective case-control studies are sus­
ceptible to selection bias; therefore a limitation of  our 
study is that the studied material is not representative of  
the general population. Another limitation is the absence 
of  correlation with radiographic findings, and the iden­
tification of  the transitional anatomy being exclusively 
based on MRI. As a result, from the four classical types 
of  LSTVs described by Castelvi et al[6], we were able to 
identify the LSTVs which exhibited pseudoarthrosis or 
fusion with the sacrum (types Ⅱ , Ⅲ and Ⅳ), but not 
those with dysplastic transverse processes, measuring at 
19 mm in craniocaudal dimension (type Ⅰ). Therefore, 
we cannot exclude the possibility that one or more cases 
were erroneously included in the study or the control 
group. However, the intent of  the study was to predict 
LSTV on MR imaging alone, as these simple measure­
ments may help MRI readers in their routine practice 
when radiographs have not been performed, or are not 
available at the time of  read out. Future prospective stud­
ies in larger populations may re-evaluate the predictive 
values of  the angles we present in this paper.

COMMENTS
Background
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chanics of the lumbar spine and has been postulated to be an important con-
tributor to low back pain. On magnetic resonance imaging (MRI), the detection 
of LSTVs is not always straightforward, and an unknown number of cases are 
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missed. Sagittal MRI images constitute the initial search front for the readers to 
detect abnormalities of curvature and vertebral numbering. If the LSTV is not 
suspected on the sagittal image, it is easy to overlook the transitional vertebra 
on the axial image and lose the normal count. A simple means to detect LSTV 
on sagittal MRI studies of the lumbar spine may assist radiologists in providing 
more accurate reports.
Research frontiers
This paper describes two simple angle measurements used on sagittal MRI im-
ages of the lumbar spine to predict LSTV.
Innovations and breakthroughs
Previous authors have described angle measurements which can be used to 
predict LSTV on radiographs, but there have been no respective reports on 
MRI. This is a novel and important paper, which describes easy and accurate 
means of predicting LSTV on MRI studies of the lumbar spine.
Applications
The angle measurements described are helpful for detecting LSTV, particularly 
in cases where radiographs have not been performed, or are not available at 
the time of read out.
Terminology
LSTV is a developmental spinal anomaly, in which the lowest lumbar vertebra 
shows elongation of its transverse process and varying degrees of fusion/failure 
of segmentation from the sacrum.
Peer review
The authors present simple but useful research describing an easy and intui-
tive sign that may give a hint to the radiologist regarding the presence of a 
transitional lumbosacral vertebral body. The A-angle is quite easy to assess at 
gross visual inspection and may alert radiologists looking for other morphologic 
signs which should be regarded as the only real definite evidence of transitional 
vertebral anatomy. 
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Abstract
AIM: To determine the influence of anthropomorphic 
parameters on the relationship between patient center-
ing, mean computed tomography (CT) numbers and 
quantitative image noise in abdominal CT. 

METHODS: Our Institutional Review Board approved 
study included 395 patients (age range 21-108, years; 
male:female = 195:200) who underwent contrast-en
hanced abdominal CT on a 16-section multi-detector 
row scanner (GE LightSpeed 16). Patient centering in 
the gantry isocenter was measured from the lateral lo-
calizer radiograph (off center S = patient off centered 
superior to isocenter; off center I = patient off centered 
inferior to isocenter). Mean CT numbers (Hounsfield 
Units: HU) and noise (standard deviation of CT num-
bers: SD) were measured in the anterior (aHU, aSD) 
and posterior (pHU, pSD) abdominal wall subcutaneous 

fat and liver parenchyma (LivHU, LivSD) at the level of 
the porta hepatis. Patients’ age, gender, weight, body 
mass index and maximal anteroposterior diameter were 
recorded. The data were analyzed using linear regres-
sion analysis.

RESULTS: Most patients (81%; 320/395) were not 
correctly centered in the gantry isocenter for abdomi-
nal CT scanning. Mean CT numbers in the abdominal 
wall increased significantly with an increase in the off-
centering distance, regardless of the direction of the 
off-center (P  < 0.05). There was a substantial increase 
in pSD (P  = 0.01) and LivSD (P  = 0.017) with off-cen-
tering. Change in mean CT numbers and image noise 
along the off-center distance was influenced by the pa-
tient size (P  < 0.01).

CONCLUSION: Inappropriate patient centering for CT 
scanning adversely affects the reliability of mean CT 
numbers and image noise.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Increasing use of  computed tomography (CT) has raised 
concerns about potential risk of  radiation-induced car-
cinogenesis. Clinical and technical strategies have been 
suggested to reduce radiation dose without compromis-
ing diagnostic information[����1-6�]. For radiation dose reduc-
tion, current multi-detector row computed tomography 
(MDCT) scanners are armed with several technologies 
such as X-ray intensity shaping bow-tie filters and auto-
matic exposure control (AEC) techniques.

Bow-tie or beam shaping filters configure the X-ray 
beam to the cross-sectional geometry of  the body region 
being scanned, so that the thinner peripheral portion of  
the body receives a lower radiation dose compared to the 
thicker central portion of  the cross section[��7�]. These fil-
ters affect the incident X-ray beam characteristics which 
in turn affect their attenuation from the patient. Errors 
in centering of  patients in the CT gantry isocenter can 
result in overestimation or underestimation of  regional 
X-ray attenuation, which in turn can lead to erroneous 
estimation of  tube current with the AEC techniques[��3�]. 
Thus, both bow-tie filters and AEC techniques require 
optimum patient centering within the gantry isocenter to 
reduce radiation dose while maintaining diagnostic image 
quality[��8�].

Previous studies have shown that inappropriate pa-
tient centering on the gantry affects image quality and 
radiation dose obtained with AEC techniques[�����9,10�]. How-
ever, the effect of  patient off-centering on mean CT num
bers and image noise has not been assessed with respect 
to patient size. Therefore, the purpose of  our study is to 
determine the influence of  anthropomorphic parameters 
on the relationship between patient centering, mean CT 
numbers and quantitative image noise in abdominal CT.

MATERIALS AND METHODS
Patient population
This retrospective study was approved by the Human Re-
search Committee of  the Institutional Review Board of  
Massachusetts General Hospital.

The requirement for informed consent was waived. 
The study protocol was in compliance with the Health 
Insurance Portability and Accountability Act. 

The study comprised 395 consecutive patients who 
underwent routine abdominal CT (mean age, 57 years; 
age range, 21-108 years) at a single tertiary health care 
hospital in October 2009. There were 195 male patients 
(49%, 195/395 patients; mean age, 57 years; age range, 
21-108 years) and 200 female patients (51%, 200/395 pa-
tients; mean age, 57 years; age range, 20-94 years).

Patient body weight and body mass index [(BMI = 

weight in kg/(height in meters)2] were recorded. Maxi-
mal anteroposterior (AP) diameter of  the abdomen was 
measured from the lateral localizer radiograph. Lateral 
localizer radiographs were preferred over transverse CT 
images, as often in large patients transverse CT images do 
not have skin to skin field of  view, whereas lateral radio-
graphs have skin to skin coverage in all patients from use 
of  a large field of  view of  50 cm. 

The outcome variables of  our study included CT 
numbers [Hounsfield units (HU)], and quantitative image 
noise [standard deviation of  the CT numbers (SD)] mea-
sured in the subcutaneous fat of  the anterior and poste-
rior abdominal wall as well as in liver parenchyma.

Scanning protocol 
Routine contrast-enhanced abdominal CT was performed 
on a 16-section multi-detector row scanner (GE Light-
Speed 16; GE Healthcare, Waukesha, WI, United States) 
in all patients included in our study. In our institution, we 
acquired two localizer radiographs for each patient in lat-
eral and AP projections at 80 kVp and 20 mA. 

Transverse CT images were acquired from the top 
of  the diaphragm to the pubic symphysis in all patients 
in single helical acquisition following administration of  
non-ionic contrast medium (Iopamidol 370 mg%, Bracco 
Diagnostics, Princeton, NJ, United States) injected at the 
rate of  2.5-3 cc per second. The scanning parameters 
comprised of  120 kVp, 0.5 s gantry rotation time, 1.375:1 
beam pitch, 27.5 mm table speed per gantry rotation, and 
16 × 1.25 mm detector collimation. Images were recon-
structed with 5 mm section thickness at 5 mm intervals 
using a standard soft tissue reconstruction kernel. 

A combined automatic exposure control technique 
(Auto mA 3D, GE Healthcare) was used to scan all pa-
tients. This technique uses the noise index as a surrogate 
for image quality, or more precisely, the average noise in 
the entire image. The Auto mA 3D technique performs 
tube current modulation at different projections (angular 
modulation or x-y modulation) with in individual sec-
tion positions as well as at different section positions 
along the patient’s long axis or scanning direction (z-
modulation). In addition to the noise index, the technique 
requires users to specify a range of  tube current between 
which such tube current modulation should occur. The 
latter allows the user to control the extent of  tube current 
modulation. As per our standard department protocols, 
the noise index is adjusted according to body weight: < 
60 kg, 10 noise index; 61-90 kg, 12.5 noise index; > 91 kg,  
15 noise index. The minimum and maximum tube cur-
rent limits were set at 120 and 440 mA.

Assessment of patient centering
CT images were reviewed on a clinical web-based PACS 
within the firewalls of  our hospital (Radamicas, Merge 
Healthcare, Hartland, WI, United States). Patient off-
center distance from the gantry isocenter was measured 
from lateral localizer radiographs (Figure 1) by one of  
the authors (Kim MS with 10 years of  experience). Off-
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centering of  patients was estimated from the images by 
first determining the gantry isocenter as the midpoint of  
the entire image or the scan field of  view. Next, the maxi-
mal anterior-posterior diameter of  the patient was mea-
sured. Lastly, distance between the midpoints of  maximal 
patient diameter and the gantry isocenter was measured 
to obtain the off-centering distance.

Once the lateral projection localizer radiograph is 
acquired, technologists plan the acquisition of  transverse 
images. For reconstruction of  transverse images, the plan
ning field of  view (FOV) defaults to the center of  the 
localizer radiograph. In the case of  appropriate patient 
centering, technologists only have to adjust the size of  
display FOV. However, with patient off-centering, in our 
experience the technologists change the position of  dis-
play FOV without actually re-centering the patient in the 
gantry isocenter. This re-centering of  display FOV rather 
than re-centering of  the patient, leads to patient off-cen-
tering. Therefore, for the purpose of  our study, we used 
localizer radiographs instead of  transverse CT images 
to estimate patient off-centering. In addition, previously 
described automatic centering techniques have also used 
lateral localizer radiographs to estimate the extent of  pa-
tient off-centering[��7�].

The off-center distance was arbitrarily divided into 
5 groups based on the distance between the patient AP 
center on the lateral projection radiograph and the gantry 
isocenter; 0-5 mm (considered ideal centering), 6-10 mm, 
11-20 mm, 21-30 mm and greater than 30 mm from the 
gantry isocenter. The direction of  off-centering (supe-
rior and inferior) compared to gantry isocenter was also 
evaluated. 

Regions of interest and radiation dose
After measuring the distance and direction of  off-cen
tering, the mean CT numbers and their image noise 
(standard deviation of  HU) were measured from the 5 
mm contrast-enhanced transverse abdominal CT image 
in liver parenchyma at the level of  the porta hepatis using 
a circular 30-50 mm2 region of  interest (ROI). Mean CT 

numbers and image noise were measured in the anterior 
and posterior abdominal wall subcutaneous fat using cir-
cular 10-30 mm2 regions of  interest. 

CT dose index volume (CTDIvol in mGy) from the 
dose information page of  each CT examination included 
in our study was recorded.

Statistical analysis
Data were tabulated in a spreadsheet program (Microsoft 
Excel; Microsoft, Inc., Princeton, NJ, United States). Sta-
tistical analysis was performed using a statistical analysis 
package (SAS/STAT 9.2; SAS Institute, Cary, NC, United 
States). Linear regression analysis was performed to eva
luate the relationship between off-centering, mean CT 
numbers and image noise. In addition, the same analysis 
was used to evaluate the influence of  patient age, gen-
der, body weight, BMI and maximal AP diameter of  ab
domen on the variability of  mean CT numbers, SD and 
CTDIvol with off-centering. A P value less than 0.05 was 
considered to indicate a statistically significant difference. 

RESULTS
Centering and off-centering: distribution and magnitude 
Only 19% of  patients (75/395 patients; male:female, 41:34) 
were centered correctly in the gantry isocenter. Most pa-
tients (81%, 320/395 patients; male:female, 154:166; mean 
age, 57 years) were off-centered with respect to the gantry 
isocenter. In terms of  magnitude of  off-centering, most 
patients were off-centered by 11-20 mm (39%, 125/320 
patients) followed by 21-30 mm off-centering (26%, 
85/320 patients) and greater than 31 mm off-centering 
(17%, 63/320 patients) (Table 1).

Amongst the off-centered patients, 99 patients were 
centered superior to the gantry isocenter (off-center S, 
31%, 99/320 patients; male:female, 53:46; mean age, 
58 years) and 221 patients were centered inferior to the 
gantry isocenter (off-center Ⅰ, 69%, 221/320 patients; 
male:female, 101:120; mean age, 57 years). Interestingly, 
most patients with greater than 31 mm off-centering were 
positioned inferior to the gantry isocenter (84%, 53/63 
patients; male: female, 21: 32) (Table 1).

Off-centering, patient demographics and size
There was no significant difference between patient age 
in the centered and off-centered groups or in the differ-
ent off-centering groups (P = 0.15). Although we had 
almost equitable distribution of  male and female patients 
in our study, more men (n = 40/75 patients, 54%) were 
centered adequately in the gantry isocenter than women (n 
= 35/75 patients, 46%).

There was no significant difference between patient 
weight, AP diameter and BMI of  centered (weight = 78.6 
± 27.6 kg, AP diameter, 28.2 ± 5.5 cm, BMI 26.7 ± 6.3 
kg/m2) and off-centered (weight = 78.0 ± 19.0 kg, AP di-
ameter, 28.6 ± 5.5 cm, BMI 27.6 ± 6.0 kg/m2) patients (P 
= 0.41, 0.29 and 0.16, respectively). However, patients off-
centered above the gantry isocenter (weight = 89.4 ± 21.3 
kg, AP diameter, 32.1 ± 5.8 cm, BMI 30.7 ± 7.1 kg/m2)  

Figure 1  Calculation of off-centering distance. First, the gantry isocenter (G) 
was determined as the midpoint of the entire image (thick line). Next, maximal 
anterior-posterior diameter of the patient (broken line) was measured. Lastly, 
distance (asterix) between the midpoints of maximal patient diameter (P) and 
gantry isocenter (G) was measured to obtain the off-centering distance.
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were significantly larger than patients centered below the 
gantry isocenter (weight = 73.1 ± 15.8 kg, AP diameter, 
27.0 ± 4.5 cm, BMI 26.0 ± 4.9 kg/m2) when the off-
centering distance exceeded 10 mm (P < 0.0001). The 
largest differences in BMI, abdominal AP diameter and 
weight between off-centering superior and inferior were 
seen with greater than 30 mm off-centering (P < 0.0001) 
(Table 1). For subjects with less than 10 mm off-center-
ing, there was no difference between body weight, BMI 
or AP diameter in the superior (weight = 79.3 ± 15.4 kg, 
AP diameter, 28.4 ± 4.3 cm, BMI 28.9 ± 6.0 kg/m2) and 
inferior off-centering directions (weight = 81.1 ± 22.6 kg, 
AP diameter, 29.8 ± 7.2 cm, BMI 28.8 ± 6.8 kg/m2) (P = 
0.36, 0.19 and 0.48, respectively).

The effect of  off-centering on CTDIvol is illustrated in 
Table 1. There was no significant difference between CT-
DIvol in patients with and without appropriate centering  
(P = 0.8).

Off-centering and image quality 
The relationship between distance along the direction of  

off-center, mean CT numbers and objective image noise 
is summarized in Table 2. Regardless of  the direction of  
off-centering, the mean CT numbers measured in the 
abdominal wall were significantly higher in off-centered 
patients compared to those centered correctly in the gan-
try isocenter (P = 0.034-0.0009). When the direction of  
off-centering was taken into account, only the mean CT 
numbers in the posterior abdominal wall increased signif-
icantly for patients centered below the gantry isocenter (P 
= 0.03). This change in mean CT numbers was less than 
10% in absolute numbers (Table 2). When the magnitude 
of  off-centering was taken into account, there was no sig-
nificant change in mean CT numbers with up to 20 mm 
off-centering from the gantry isocenter (P = 0.1-0.47). 

When data were normalized for patients’ age, gender, 
weight, BMI and AP diameters, mean CT numbers in all 
three regions between superior and inferior off-centering 
varied significantly for patients with different body wei
ghts (P < 0.001). 

Image noise increased significantly in the posterior 
abdominal wall and liver parenchyma with an increase in 

Distance 
(#patients)

Direction 
(#patients)

BMI 
(kg)

Weight 
(mGy)

AP diameter 
(cm)

CTDIvol aHU pHU LivHU aSD pSD LivSD

0-5 mm 
(n = 75)

Ideal 
centering

27 
(18-59)

77 
(31-181)

28 
(17-52)

13.4 
(5.2-48.3)

-97.5 ± 27.2 
(-117~-45)

-92.8 ± 14.9 
(-121~-34)

117.0 ± 43.4 
(63~153)

  9.9 ± 4.9 
(5~45)

11.8 ± 4.3 
(4~33)

17.0 ± 3.7 
(9~15)

6-10 mm 
(n = 47)

A 
(n = 20)

28 
(20-38)

76 
(54-107)

27 
(17-33)

14.1 
(9.0-33.0)

-98.2 ± 9.3 
(-115~-78)

 -90.9 ± 9.5 
  (-106~ -71)

114.0 ± 20.0 
(55~153)

11.0 ± 2.6 
(6~18)

12.3 ± 3.0 
(7~16)

17.8 ± 3.4 
(10~30)

B 
(n = 27)

28 
(21-40)

79 
(54-127)

29 
(20-53)

      13 
(7.2-23.4)

-95.1 ± 13.1 
(-115~-60)

-88.7 ± 19.3 
(-109~-59)

117.6 ± 26.9 
(80~167)

  9.7 ± 2.3 
(6~15)

  13.4 ± 4.01 
(8~23)

17.4 ± 5.2 
(13~23)

11-20 mm 
(n = 125)

A 
(n = 47)

30 
(19-51)

88 
(54-130)

31 
(23-40)

15.4 
(9.2-42.2)

-96.9 ± 13.4 
(-116~-45)

-93.3 ± 14.0 
(-114~-44)

109.9 ± 22.5 
(63~158)

11.0 ± 3.6 
(5~22)

12.6 ± 3.7 
(7~23)

18.1 ± 4.9 
(11~31)

B 
(n = 78)

27 
(17-49)

74 
(35-136)

28 
(15-44)

13.2 
(5.8-34.5)

-97.1 ± 13.1 
(-115~-53)

-92.9 ± 11.8 
(-124~63)

119.3 ± 25.2 
(31~175)

  9.5 ± 2.4 
(6~18)

11.9 ± 3.2 
(8~21)

17.9 ± 4.3 
(11~29)

21-30 mm 
(n = 85)

A 
(n = 22)

29 
(20-37)

89 
(46-129) 

32 
(19-53) 

13.9 
(6.2-26.7)

-96.5 ± 10.9 
(-112~-74)

-89.0 ± 12.8 
(-118~-56)

107.4 ± 26.31 
(40~142)

  12.4 ± 3.31 
(7~20)

  13.6 ± 3.91 
(9~24) 

  18.7 ± 3.81 
(6~20)

B 
(n = 63)

26 
(15-35) 

73 
(40-109) 

27 
(17-38) 

12.7 
(5.9-23.5)

-94.6 ± 13.7 
(-113~-44)

 -85.3 ± 13.01 
(-110~-43)

122.3 ± 25.1 
(55~177)

10.4 ± 2.8 
(6~23)

  13.3 ± 3.71 
(6~22)

17.9 ± 4.9 
(11~34)

³31 mm (n 
= 63) 

A 
(n = 10)

36 
(22-52)

96 
(65-141) 

34 
(28-46) 

14.2 
(10.1-21.1)

-94.3 ± 7.4 
(-103~-80)

-89.1 ± 16.6 
(-100~-77)

116.6 ± 24.8 
(81~153)

  16.4 ± 7.01 
(9~29)

14.0 ± 5.0 
(8~24)

  26.7 ± 4.01 
(21~38)

B 
(n = 53)

26 
(19-38) 

74 
(49-118) 

27 
(19-36) 

14.1 
(6.1-42.6)

-94.1 ± 13.7 
(-129~-68)

 -87.1 ± 13.5a 
(-113~-61)

 125.0 ± 24.8a 
(63~167)

  9.4 ± 2.5 
(6~18)

 13.5 ± 4.7a 
(8~30)

17.2 ± 4.0 
(11~30)

Table 1  Patient size, computed tomography numbers and quantitative image noise at different magnitude and direction of off-
centering (mean ± SD)

aImplies significant statistical difference (P < 0.05). Off-centering distance and direction had a greater effect on image noise as compared to the mean 
computed tomography (CT) numbers. Numbers in parentheses are ranges. A: Superior off-centering; B: Inferior off-centering; aHU: Mean CT numbers in 
the anterior abdominal wall; pHU: Mean CT numbers in the posterior abdominal wall; LivHU: Mean CT numbers in liver, aSD: Quantitative noise in the 
anterior abdominal wall; pSD: Quantitative noise in the posterior abdominal wall; LivSD: Quantitative noise in the liver. 

Direction aHU pHU LivHU aSD pSD LivSD

Ideal centering      -97.5 ± 15.9     -92.8 ± 15.1      117.0 ± 21.5        9.9 ± 4.9      11.8 ± 4.3     17.0 ± 3.7
A -96.9 ± 11.5 (0.4) -91.4 ± 12.5 (0.25)   111.1 ± 24.3 (0.05)   11.8 ± 4.1 (0.004)a   12.8 ± 3.8 (0.045)a    18.8 ± 5.3 (0.003)a

B   -95.5 ± 14.4 (0.16)  -89.1 ± 14.5 (0.03)a 121.0 ± 24.5 (0.1) 9.8 ± 2.6 (0.33) 12.8 ± 3.9 (0.03)a 17.6 ± 4.3 (0.09)

Table 2  Computed tomography numbers and quantitative image noise for ideally centered and off-centered patients (mean ± SD)

aImplies significant statistical difference (P < 0.05). Numbers in parentheses are P values. A: Superior off-centering; B: Inferior off-centering; aHU: Mean 
computed tomography (CT) numbers in the anterior abdominal wall; pHU: Mean CT numbers in the posterior abdominal wall; LivHU: Mean CT numbers 
in the liver; aSD: Quantitative noise in the anterior abdominal wall: pSD: Quantitative noise in the posterior abdominal wall; LivSD: Quantitative noise in 
the liver. 
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off-centering distance. When the direction of  off-center-
ing was taken into account, noise in the anterior abdomi-
nal wall (P = 0.004) and liver (P = 0.003) increased signif-
icantly only with superior off-centering, whereas noise in 
the posterior abdominal wall increased significantly with 
both directions of  off-centering (P = 0.03-0.045). There 
was a significant difference in image noise in the abdomi-
nal wall and liver between superior and inferior off-cen-

tering after normalizing BMI, body weight and maximal 
AP diameter of  abdomen (P < 0.0001). Although there 
was a difference in objective image noise between supe-
rior and inferior off-centering, subjective image quality 
was not compromised for all 397 abdominal CT exami-
nations, as reviewed from the radiology reports.

DISCUSSION
The role of  appropriate patient centering has been em-
phasized for CT scanning, in particular when using AEC 
techniques and bow-tie filters to reduce radiation dose[����8,9�]. 
Optimal patient centering implies matching the patient’s 
mean center of  mass with the center of  the bow-tie filter 
which coincides with the center of  the gantry in the CT 
scanner for optimal use of  bow-tie filters. When a patient 
is not centered optimally, inappropriate compensation of  
the X-ray beam by bow-tie filters allows more X-ray to 
the surface of  the thinner peripheral portion of  the body 
while the X-ray beam incident upon the thicker central 
portion is reduced. 

Li et al[��7�] reported that the peripheral and surface ra-
diation dose increases by 12% and 18%, respectively, in 
images of  an elliptical water phantom centered 30 mm 
below the isocenter, and by 41% and 49% in the same 
phantom centered 60 mm below the isocenter. These 
authors reported an overall increase of  6% and 22% in 
overall image noise at 3 and 6 cm phantom off-centering 
from the gantry isocenter. Conversely, Matsubara et al[���10�] 
reported a much smaller increase in overall image noise 
(15%) with 5 cm off-centering of  a circular water phan-
tom.

Our study highlights the variation in image noise for 
different anatomic locations in the abdomen. We noted a 
maximal increase in image noise of  16.5% in the poste-
rior abdominal wall and 10% in the liver with patient off-
centering of  greater than 3 cm. In contrast, the increase 
in image noise with the same magnitude of  off-centering 
was only 4% in the anterior abdominal wall. These dis-
crepancies in change of  image noise may be explained on 
the basis of  differences in the regional X-ray beam atten-
uation in anterior and posterior abdominal wall and liver. 
Compared to the low attenuation from soft tissue of  the 
anterior abdominal wall, the posterior abdominal wall has 
higher attenuation due to the vertebral column and there-
fore also has a greater increase in image noise with off-
centering compared to the anterior abdominal wall. Since 
liver has higher attenuation than the anterior abdominal 
wall but lower than that of  the posterior abdominal wall, 
with off-centering there is an intermediate change in im-
age noise in the liver. 

Our study also highlights the influence of  directionali-
ty of  vertical off-centering on image noise. When patients 
are centered above the gantry isocenter, the center of  
bow-tie filter corresponds to the posterior abdominal wall 
and the anterior abdominal wall receives more attenu-
ated X-ray beam (Figure 2). This is likely the reason for a 
greater increase in image noise in the anterior abdominal 
wall than in the posterior abdominal wall with superior 

Figure 2  More attenu¬ated X-ray beam is received in the center of bow-
tie filter corresponds to the posterior abdominal wall and the anterior 
abdominal wall when patients are centered the gantry isocenter. A: When 
the patient is centered in the gantry isocenter, bow-fie filter (F) allows most X-rays 
(darker gray) to traverse thicker, central parts of the patient and fewer X-rays 
(white) in the peripheral portion to pass through thinner, peripheral parts of the 
patient; B: When the patient is positioned above the gantry isocenter, the anterior 
portion of the patient’s abdominal wall which is further from the gantry isocenter 
receives fewer X-rays (white) with a consequent increase in noise, whereas the 
posterior abdominal wall receives the central more intense X-ray beam (darker 
gray), and therefore has less noise; C: When the patient is positioned below the 
gantry isocenter, the anterior portion of the patient’s abdominal wall coincides 
with the gantry isocenter to receive more X-rays, resulting in no significant 
change in its noise, whereas the posterior abdominal wall moves away from the 
gantry isocenter and receives fewer X-rays which leads to higher noise. 
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off-centering. Conversely, when patients are off-centered 
below the gantry isocenter, there is a greater increase in 
the posterior abdominal wall noise as it lies in the path of  
the more attenuated X-ray beam traversing through the 
peripheral thicker portion of  the bow-tie filter.

This selective change in image noise with directional-
ity of  off-centering can also be explained on the basis of  
differences in CTDIvol with off-centering of  patients. We 
noted a slightly higher CTDIvol with off-centering in the 
superior direction than in the inferior direction, and that 
may be due to the fact that patients centered above the 
gantry isocenter were substantially larger than patients 
centered below the gantry isocenter. It must be empha-
sized that with use of  automatic exposure control, the 
CTDI vol changes with the size of  the patient.

We also found that with off-centering there is some 
change in the CT numbers in different geometric loca-
tions of  the images although this change is much less 
compared to the change in image noise (1%-5% relative 
to ideal patient centering). This modest change in CT 
numbers with off-centering may also be a result of  differ-
ential beam attenuation by bow-tie filters in off-centered 
patients as relevant to the image noise. 

Interestingly, we also noted a substantial influence 
of  patient size on magnitude and direction of  off-
centering. Patients centered above the isocenter tended 
to be substantially larger than those centered below the 
isocenter. This may be explained on the basis of  incor-
rect or underestimation of  centering of  patients with 
large body habitus. Unfortunately, we found that despite 
rising awareness about the risks associated with CT scan-
ning and recent publications emphasizing an increase 
in radiation dose with patient off-centering, there was a 
very modest difference between the proportion of  off-
centered patients in our study (81%) compared to that 
reported in two prior studies (95%-95.5%) conducted at 
different institutions[7����,11�]. In our institution, technologists 
are reminded about the importance of  patient centering 
from time to time, although there is no fixed routine or 
interval for completing such notification. The fact that 
off-centering continues to occur in the vast majority of  
our patients perhaps suggests that manual off-centering 
by the CT technologists is either not properly performed 
or cannot be performed with a great deal of  accuracy. 
Regardless of  the reasons for off-centering, there is an 
urgent need for an automatic assisted patient centering 
technique on CT equipments which are otherwise being 
armed with sophisticated dose reduction techniques such 
as automatic exposure control and bow-tie filters. In this 
direction, it is important to note that some vendors have 
introduced a feature to allow CT users to change table 
position for better patient centering directly from the CT 
scanner (Siemens Definition Flash, Siemens Medical So-
lutions, Forchheim, Germany) user interface after check-
ing the localizer radiograph. This ability helps technolo-
gists to “fine tune” or “correct” patient centering without 
the need to go into the CT gantry suite. 

There are clinical implications resulting from our stu
dy. There needs to be greater education and training of  

the CT technologists for patient centering. The method 
of  centering patients with large body habitus needs spe-
cific attention. Differential distribution of  image noise 
is influenced by both magnitude and direction of  off-
centering and hence off-centering should be avoided in 
order to maintain a uniform image quality. Radiologists 
should bear in mind that there is a slight but statistically 
insignificant change in mean CT numbers in the liver 
with off-centering.

There are limitations in our study. Although we in-
cluded a large number of  patients in our study, we did 
not perform a power analysis to determine the actual 
sample size required to test our hypothesis. In particular, 
there were fewer patients in the off-centering groups 
with more than 30 mm off-centering distance from the 
gantry isocenter. Another limitation was that the size and 
location of  the ROIs being measured were not homoge-
neous for each patient. The size of  ROIs in abdominal 
subcutaneous fat ranged from 10 to 30 mm2 according to 
the amount of  subcutaneous fat. Likewise, the liver ROIs 
ranged from 30 to 50 mm2 to include just the liver paren-
chyma and avoid inclusion of  large blood vessels within 
the ROI. Although we did not perform a formal detailed 
subjective image quality assessment, we carried out a ret-
rospective analysis of  the radiology reports to check im-
age quality of  these CT examinations. Study reports are 
stored in the hospital database along with the images and 
comments on suboptimal image quality affecting diagnos-
tic confidence. We found that none of  the examinations 
showed suboptimal image quality. Another limitation of  
our study is that we did not compare the effect of  dif-
ferent off-centering distances and directions in the same 
patient as it was not feasible and practical to scan patients 
several times with different off-centering. It is possible, 
although unproven from our study, that greater changes 
in CT numbers and image noise may have come to light 
on an individual patient basis. We also did not assess the 
effect of  horizontal off-centering of  the patients on im-
age noise and mean CT numbers.

In conclusion, inappropriate patient centering in the 
gantry isocenter adversely affects the mean CT numbers 
and image noise along the distance of  off-center. There
fore, attention to appropriate patient centering is impor-
tant for maintaining image quality and optimizing radia-
tion dose during MDCT examination, particularly in large 
patients.

COMMENTS
Background
Computed tomography (CT) radiation dose related risks are one of the major 
concerns amongst the medical community, media and general public. There are 
several attempts in the past to optimize radiation dose associated with CT by 
following the principle of “as low as reasonably achievable”. X-ray beam shap-
ing filters are designed to expose the peripheral thinner portions of the body 
with lower radiation dose as compared to thicker central portion. This assump-
tion only works when the authors have the patient perfectly centered in the X-ray 
beam. Any offcentering of patient affects the selected tube current and finally 
radiation dose associated with CT.
Research frontiers
Prior studies have shown that patient offcentering from the CT scanner iso-
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center does affect the associated radiation dose with tube current modulation 
techniques. However, the relationship between mean CT numbers or the 
Hounsfield values and the image noise has not been assessed with respect to 
patient size.
Innovations and breakthroughs
The study highlights the influence of directionality of vertical off-centering on 
image noise. When patients are centered above the gantry isocenter, the center 
of bow-tie filter corresponds to the posterior abdominal wall and the anterior 
abdominal wall receives more attenuated X-ray beam. The authors also found 
that with off-centering there is some change in the CT numbers in different 
geometric locations of the images although this change is much less compared 
to the change in image noise (1%-5% relative to ideal patient centering). This 
modest change in CT numbers with off-centering may also be a result of differ-
ential beam attenuation by bow-tie filters in off-centered patients as relevant to 
the image noise.
Applications
Clinical implications of this study are the need for greater education and training 
of the CT technologists for patient centering. The method of centering patients 
with large body habitus needs specific attention. Differential distribution of im-
age noise is influenced by both magnitude and direction of off-centering and 
hence off-centering should be avoided in order to maintain a uniform image 
quality. Radiologists should bear in mind that there is a slight but statistically 
insignificant change in mean CT numbers in the liver with off-centering. 
Terminology
Bow-tie or beam shaping filters: These filters configure the X-ray beam to the 
cross-sectional geometry of the body region being scanned, so that the thinner 
peripheral portion of the body receives a lower radiation dose compared to the 
thicker central portion of the cross section. Patient Off-centering: Any deviation 
of patients center from the CT scanner gantry iso-center, which can be either 
vertically or horizontally.
Peer review
This is a good descriptive study in which authors analyze the affect of patient 
offcentering on CT image noise and Hounsfield Units numbers. The results are 
interesting and show an increase in 16% image noise in posterior abdominal 
wall and suggest a need for education and training of CT technologist in more 
accurate patient centering. 
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Abstract
AIM:To evaluate the feasibility of intravenous contrast-
enhanced C-arm computed tomography (CT) for as-
sessing ablative areas and margins of liver tumors.

METHODS: Twelve patients (5 men, 7 women; mean 
age, 69.5 years) who had liver tumors (8 hepatocellular 
carcinomas, 4 metastatic liver tumors; mean size, 16.3 
mm; size range, 8-20 mm) and who underwent per-
cutaneous radiofrequency ablations (RFAs) with a flat-
detector C-arm system were retrospectively reviewed. 
Intravenously enhanced C-arm CT and multidetector 
computed tomography (MDCT) images were obtained 
at the end of the RFA sessions and 3-7 d after RFA to 
evaluate the ablative areas and margins. The ablated 
areas and margins were measured using axial plane 
images acquired by both imaging techniques, with prior 
contrast-enhanced MDCT images as the reference. 
The sensitivity, specificity, and positive and negative 
predictive values of C-arm CT for detecting insufficient 
ablative margins (< 5 mm) were calculated. Statistical 
differences in the ablative areas and margins evaluated 

with both imaging techniques were compared using a 
paired t -test. 

RESULTS: All RFA procedures were technically succe
ssful. Of 48 total ablative margins, 19 (39.6%) and 20 
(41.6%) margins were found to be insufficient with 
C-arm CT and MDCT, respectively. Moreover, there were 
no significant differences between these 2 imaging 
techniques in the detection of these insufficient abla-
tive margins. The sensitivity, specificity, and positive 
and negative predictive values for detecting insufficient 
margins by C-arm CT were 90.0%, 96.4%, 94.7% and 
93.1%, respectively. The mean estimated ablative ar-
eas calculated from C-arm CT (462.5 ± 202.1 mm2) 
and from MDCT (441.2 ± 212.5 mm2) were not signifi-
cantly different. The mean ablative margins evaluated 
by C-arm CT (6.4 ± 2.2 mm) and by MDCT (6.0 ± 2.4 
mm) were also not significantly different. 

CONCLUSION: The efficacy of intravenous contrast-
enhanced C-arm CT in assessing the ablative areas and 
margins after RFA of liver tumors is nearly equivalent to 
that of MDCT.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Radiofrequency ablation (RFA) is an established local 
therapy for managing malignant liver tumors because of  
its applicability to minimally invasive treatment. A recent 
randomized controlled trial demonstrated that RFA for 
small hepatocellular carcinoma confers a survival benefit 
comparable to that of  surgical resection[1]. In addition, 
RFA offers patients the potential benefits of  safety, rea-
sonable cost, and reduced hospitalization, while result-
ing in postoperative outcomes comparable to those of  
surgery[2]. To achieve curative ablation, complete ablation 
of  the tumor with ablative margins of  at least 5 mm is re-
quired[3]. Failure to obtain these sufficient safety margins 
is one of  the significant prognostic factors affecting local 
tumor progression[4]. The ablative areas and margins are 
usually evaluated after RFA therapy with postprocedural 
contrast-enhanced multidetector computed tomography 
(MDCT) or magnetic resonance (MR) imaging[3,5]. How-
ever, an immediate assessment of  therapeutic efficacy 
using CT or MR imaging can be difficult to accomplish 
unless the procedure can be performed on the available 
CT or MR imaging equipment. Otherwise, the patient 
must be transferred to the nearest imaging scanner, whi
ch requires significant preparation time and carries an 
increased risk of  contamination of  both the patient and 
the RFA equipment. 

The flat-detector C-arm angiographic system is a 
relatively new imaging system that generates both con-
ventional angiographic images and multisectional soft 
tissue images similar to those of  CT[6,7]. Moreover, re-
cent developments in C-arm cone-beam CT technology 
have enabled the prompt acquisition of  CT-like images 
without the need for patient transfer and with a CT dose 
index lower than that of  conventional CT[8,9]. Further-
more, a wider free space than that for a conventional CT 
scanner is available in the C-arm equipment, and thus, 
easier and safer RFA procedures would be expected. 
C-arm CT images are acquired by rotating a flat detec-
tor around the patient, and these images provide useful 
information about tumor location and configuration[10]. 
The images can also be used to determine the best navi-
gation route for the needle[11] to perform RFA of  liver 
tumors. Due to the low-contrast nature of  C-arm CT[12], 
assessment of  the therapeutic efficacy of  RFA requires 
contrast-enhanced C-arm CT images that are commonly 
acquired by injecting contrast material through a catheter 
previously placed in the hepatic artery[11]. The intravenous 
administration of  contrast material is a convenient and 
timesaving technique that is less invasive for the patients. 
However, the application of  intravenously enhanced 
C-arm CT for assessing the therapeutic efficacy of  RFA 
has not yet been documented. 

In this preliminary study, we evaluated the feasibility 
of  intravenously enhanced C-arm CT for the immediate 
assessment of  ablative areas and margins after RFA of  
malignant liver tumors.

MATERIALS AND METHODS
Study design
We retrospectively reviewed 12 patients (5 men, 7 wom-
en; mean age, 69.5 years) who had solitary liver tumors 
(8 hepatocellular carcinomas and 4 metastatic tumors; 
size range, 8-20 mm; mean size, 16.3 mm) and who un-
derwent intravenous contrast-enhanced C-arm CT and 
MDCT after RFA between December 2009 and April 
2011. All patients underwent contrast-enhanced MDCT 
within 56 d (mean, 35.6 d) prior to the RFA session. The 
diagnosis of  the tumor was confirmed from previous 
imaging findings as well as from elevated levels of  serum 
tumor markers. For evaluating ablative areas and margins, 
intravenously enhanced C-arm CT and MDCT images 
were obtained at the end of  the RFA sessions and 3-7 d 
after the sessions. Ablative areas and margins measured 
with both imaging techniques were compared, with pre-
procedural MDCT images as the reference.

This study proceeded in accordance with the guide-
lines of  our institutional review board, and written in-
formed consent was obtained from the patients.

Radiofrequency ablation
All RFA procedures were performed with a flat-detector 
C-arm angiographic system (Innova 3100; GE Health-
care, Waukesha, WI, United States). A 17-gauge radiofre-
quency electrode (Cool-tip radiofrequency electrode; Ra-
dionics, Burlington, MA, United States) with an exposed 
needle tip of  2 or 3 cm was used depending on the size 
of  the tumor. The needle was inserted using ultrasound 
(US) guidance in all cases. When the target tumor was 
poorly defined by the US, C-arm CT was used to assist 
the needle placement. The ablation was terminated when 
tissue resistance reached the maximum value or when 
the ablative duration exceeded 6 min. After the ablation 
was completed, the temperature of  the ablated tissue was 
measured. When the tissue temperature had not exceeded 
60 ℃, additional ablation was performed after needle re-
placement until the tissue temperature exceeded 60 ℃[13].

C-arm computed tomography
Intravenous contrast-enhanced C-arm CT images were 
obtained 2 min after injecting a 90-mL bolus of  io-
pamidol (300 mgI/mL; flow rate, 1 mL/s) through the 
antecubital vein by using a power injector. The image 
acquisition parameters were as follows: total scanning 
angle, 200°; acquisition time, 10 s; matrix size, 1500 × 
1500; isotropic voxel size, 0.2 mm; and effective field of  
view (FOV), 18 cm2. Raw data sets were transferred to 
an external workstation (Advantage Workstation 4.2; GE 
Healthcare), where the images were reconstructed with 
a slice thickness of  3-5 mm on multiple planes. Images 
were reconstructed within approximately 2.25 min of  the 
end of  each scan.

Multidetector computed tomography 
Triphasic contrast-enhanced MDCT images were ob-



111 March 28, 2012|Volume 4|Issue 3|WJR|www.wjgnet.com

tained using a 16-MDCT scanner (Somatom Sensation, 
Siemens Medical Solutions, Forchheim, Germany) with 
the following scanning parameters: 120 kV; 182 mA; 
beam collimation, 0.75 mm; helical pitch, 1.15 mm; and 
rotation table speed, 0.5 s. Helical acquisition for arte-
rial, portal, and venous phase imaging was initiated at 20, 
60 and 160 s, respectively, after a threshold level of  100 
Hounsfield units (HU) was reached in the abdominal aor-
ta. Images were reconstructed in 5-mm thick transverse 
sections. 

Image analysis
Both contrast-enhanced C-arm CT images and portal-
phase MDCT images were viewed on a commercial 
workstation (eFilm Workstation; Infocom, Tokyo, Japan) 
by a single observer who had more than 10 years of  
experience in hepatic vascular intervention and liver im-
aging. Firstly, the diameters of  the ablated regions were 
measured in 2 orthogonal long and short axes by using 
axial plane images of  each imaging modality. By using an 
eclipse model, the estimated ablated area was calculated 
as πab, where a and b are one-half  of  the long and short 
axes, respectively. Secondly, the ablative margins of  each 
region were measured in 4 orthogonal directions on the 
axial plane image by measuring the distance from the 
nearest hepatic or portal vein, with preprocedural MDCT 
images as the reference (Figures 1 and 2). The distance 
measurements were performed manually on the worksta-
tion.

Differences in the detection of  insufficient ablative 
margins (< 5 mm), mean estimated ablative areas, and 
mean ablative margins in C-arm CT and MDCT images 
were statistically compared using the paired t-test. The 
sensitivity, specificity, positive predictive values (PPVs), 
and negative predictive values (NPVs) for detecting in-
sufficient ablation margins by C-arm CT were calculated, 
using MDCT images as the reference.

RESULTS
All RFA procedures were technically successful without 
major complications in all 12 patients. Two of  the twelve 
patients received C-arm CT assistance during the RF 
needle placement because the target lesion was located 
outside the US scan range. Of  the 12 patients, 6 received 
a single ablation, whereas the remaining 6 underwent 
an additional ablation after adjusting the needle posi-
tion based on US images. The mean ablation time for 
single lesions was 8.9 min (range, 6-12 min). The mean 
therapeutic time from needle insertion to completion of  
the final image acquisition of  C-arm CT was approxi-
mately 40 min. For all 12 patients, intravenous contrast-
enhanced C-arm CT images were successfully obtained 
after the procedure. There were no significant differences 
in detection for the long and short axes of  the ablated 
tissues, mean estimated ablative area, mean ablative mar-
gin, and an insufficient safety margin with C-arm CT and 
with MDCT (Table 1). The sensitivity, specificity, PPV, 

and NPV for detecting insufficient safety margins with 
the C-arm CT were 90.0%, 96.4%, 94.7% and 93.1%, 
respectively. One false positive and 2 false negative find-
ings were recorded on C-arm CT images. The false posi-
tive result was attributed to the oblique acquisition of  the 
C-arm CT images, and the 2 false negatives were caused 
by size reduction of  the ablated tissues. Local tumor 
recurrence was observed in 2 of  the 12 study lesions dur-
ing the follow-up observation periods (mean, 10.1 mo; 
range 5-18 mo). These 2 recurrent lesions arose from the 
locations that were equally judged as insufficient ablative 
margins using both C-arm CT and MDCT. 

DISCUSSION
In this study, we found that C-arm CT is nearly equiva-
lent to MDCT in terms of  detecting ablative areas and 
insufficient safety margins directly after RFA procedures. 
This result could be applied to determine the therapeu-
tic endpoint of  RFA and map further treatment strate-
gies. When C-arm CT detects an insufficient ablation 
margin or a residual lesion, targeted additional ablation 
would then be promptly applied under C-arm CT as-
sistance. Conversely, when sufficient ablative margins are 
confirmed on C-arm CT images, additional therapeutic 
assessments with other imaging modalities may not be re-
quired. Another advantage of  C-arm CT is its multiplicity 
in usage. As C-arm CT has comparable ability to MDCT 
for the detection of  hypervascular liver tumors[10,14], oper-
ators can obtain pretreatment information for treatment 
planning, including skin entry point, needle path, and 
target lesion location, size, and configuration from C-arm 
CT images immediately prior to the therapy. C-arm CT is 
also useful during therapy for enabling 3D fluoroscopic 
guidance for insertion of  the radiofrequency electrode to 
the target tumor, which provides operators with a safer 
and easier approach to the target[11]. Furthermore, as sug-
gested by our results, the treatment efficacy of  RFA can 
be evaluated with C-arm CT acquired immediately after 
the therapy. Thus, C-arm CT has various potential appli-
cations throughout the RFA procedures. 

Although there were no significant differences in de-
tection for the long and short axes of  the ablated tissues, 
the mean estimated ablative area, and mean ablative mar-
gin with C-arm CT and with MDCT, all of  the param-
eters were slightly overestimated by C-arm CT relative to 
MDCT. This result might be attributable to differences in 
the time points at which the image acquisitions occurred. 
During the ablation process, the tissue is destroyed by 
coagulative necrosis. The resultant ablated region then 
gradually decreases in size through tissue shrinkage[15]. 
Therefore, a more accurate comparison would have been 
expected if  C-arm CT and MDCT images were obtained 
on the same day. 

Kim et al[16] reported that a 5-mm safety margin was 
achieved in only 2.7% of  patients, and vessel-induced 
indentation of  the ablation zone contributed to the 
thinnest ablative margins observed in 47.3% in RFA of  

Iwazawa J et al . C-arm CT for liver tumor ablation
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Figure 2  A 59-year-old woman with a 15-mm hepa-
tocellular carcinoma in hepatic segment Ⅲ. A: An 
arterial-phase image from contrast-enhanced multidetector 
computed tomography (MDCT) prior to treatment shows a 
well-enhanced tumor in hepatic segment Ⅲ (arrow); B: An 
arterial-phase MDCT image in which the tumor size has 
been measured in the vertical and horizontal directions 
and the tumor location has been determined by the dis-
tance from the left portal vein; C: An intravenous contrast-
enhanced C-arm computed tomography (CT) image 
obtained just after radiofrequency ablation (RFA) reveals 
insufficient ablative margins in the right lateral (1.1 mm) 
and dorsal (1.9 mm) directions. Indentations caused by the 
left hepatic vein and the portal vein adjacent to the tumor 
might disrupt sufficient ablation. The ventral (11.3 mm) and 
left lateral (5.4 mm) ablative margins appear sufficient; 
D: A portal-phase image from contrast-enhanced MDCT 
obtained 7 d after RFA shows an almost identical configu-
ration with comparable ablative margins (ventral margin, 
11.0 mm; dorsal margin, 3.0 mm; right lateral margin, 2.0 
mm; left lateral margin, 6.0 mm) to those evaluated on 
C-arm CT image.

Figure 1  A 43-year-old woman with a 13-mm hepato-
cellular carcinoma in hepatic segment Ⅳ. A: A venous-
phase image from contrast-enhanced multidetector 
computed tomography (MDCT) prior to treatment shows 
a hypoattenuated tumor in hepatic segment Ⅳ (arrow); 
B: A venous-phase MDCT image in which the tumor size 
has been measured in vertical and horizontal directions 
and the tumor location has been determined by the dis-
tance from the left portal vein; C: An intravenous contrast-
enhanced C-arm computed tomography image obtained 
just after radiofrequency ablation (RFA) shows sufficient 
ablative margins in all 4 directions (ventral margin, 1.8 
mm; dorsal margin, 8.8 mm; right lateral margin, 20.5 
mm, left lateral margin, 10.3 mm) even though the ventral 
ablative margin is less than 5 mm due to the adjacent liver 
border; D: A portal-phase image from contrast-enhanced 
MDCT obtained 7 d after the RFA procedure shows an 
almost identical configuration with ablative margins (ventral 
margin, 2.0 mm; dorsal margin, 8.0 mm; right lateral mar-
gin, 17.0 mm; left lateral margin, 10.0 mm) comparable to 
those depicted in the C-arm CT image. 

A B

C D
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C-arm computed tomography Multidetector computed tomography P  value

Mean long axis (mm) 28.1 ± 8.1 27.3 ± 8.1 0.134
Mean short axis (mm) 19.9 ± 4.8 19.3 ± 5.1 0.161
Mean estimated ablative area (mm2)   462.5 ± 202.1   441.2 ± 212.5 0.206
Mean ablative margin (mm)   6.4 ± 2.2   6.0 ± 2.4 0.159
Insufficient safety margin detection (%) 39.6 (19/48) 41.6 (20/48) 0.569

Table 1  Comparison of intravenous contrast-enhanced C-arm computed tomography and multidetector computed tomography for 
the assessment of ablative areas and margins in radiofrequency ablation of liver tumors (mean ± SD)
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patients with hepatocellular carcinoma whose tumor di-
ameters were 2-5 cm. In this study, a 5-mm safety margin 
was achieved in 60.4% (29/48) of  patients with C-arm 
CT and 58.3% (28/48) of  patients with MDCT. Tumor 
size in this study (mean, 1.6 cm; range 0.8-2.0 cm) was 
relatively small, which might have affected this higher 
rate of  achieving sufficient ablative margins in our study. 
Vessel-related indentation for insufficient ablative mar-
gin was observed in 37.5% (18/48) of  subjects for both 
C-arm CT and MDCT in this study, as shown in Figure 2. 

C-arm CT intrinsically has potential disadvantages in 
the assessment of  ablative areas and the safety margins 
in terms of  contrast resolution, image quality, and FOV. 
Although C-arm CT has a comparable spatial resolution 
to MDCT[17], its contrast resolutions are expected to be 
only 50 HU for abdominal application[6]. The usage of  
contrast material for C-arm CT acquisition may over-
come this limitation; however, imaging information for 
liver tumors using intravenously enhanced C-arm CT has 
not yet been quantified. C-arm CT has modality-specific 
artifacts that occasionally can negatively affect the image 
quality. For example, transient movement during image 
acquisition spoils the entire image quality in C-arm CT, 
whereas only the affected slice image is spoiled in MDCT. 
Recently, respiratory motion artifacts in C-arm CT have 
been successfully corrected in a phantom model[18]. Thus, 
patients who have difficulty holding their breath or have 
tumors in the left hepatic lobe susceptible to the heart-
beat could be accurately examined by C-arm CT in the 
near future. In the current study, although some move-
ment artifacts affected image quality, the detection of  
ablative areas and margins remained acceptable. The ef-
fective FOV available with the flat-detector C-arm system 
used in this study was only 18 mm2. This might be ac-
ceptable for planning and assessing the RFA for a single 
lesion; however, it becomes problematic when visualiza-
tion of  2 or more hepatic lesions located throughout the 
entire liver is required. However, these shortcomings can 
be overcome using a wider detector with an increased 
scanning range.

This study has several limitations. Firstly, we com-
pared single-phase contrast-enhanced C-arm CT with 
triple-phase contrast-enhanced MDCT. Due to the rela-
tively long reconstruction time for the current version of  
C-arm CT, acquiring triphasic contrast-enhanced C-arm 
CT images was unachievable. We therefore compared 
contrast-enhanced C-arm CT images with the portal-
phase images of  MDCT. Secondly, the ablated area and 
margins were measured manually on the workstation by a 
single observer. The measurements may have contained 
certain errors. Thirdly, the amount of  iopamidol admin-
istered for a single acquisition of  C-arm CT was 90 mL 
in this study. Repeated acquisition of  contrast-enhanced 
C-arm CT is limited due to increased risk of  renal distur-
bance. Fourthly, we evaluated ablative areas and margins 
only on an axial plane image. In clinical settings, 3-dimen-
sional images are required for assessing the safety mar-
gins in every direction. 

In this preliminary study, the efficacy of  intravenous 
contrast-enhanced C-arm CT for assessing ablative areas 
and safety margins immediately after the RFA of  liver 
tumors is nearly equivalent to that of  MDCT performed 
3-7 d after RFA. 
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Abstract
We report a case of a pseudoaneurysm of the right he-
patic artery observed 9 mo after the endoscopic place-
ment of a Wallstent, for bile duct stenosis, which was 
treated with transcatheter arterial embolization. The 
patient presented with obstructive jaundice and was 
diagnosed with inoperable common bile duct cancer. A 
plastic stent was inserted endoscopically to drain the 
bile, and chemotherapy was initiated. Abdominal pain 
and jaundice appeared approximately 6 mo after the 
beginning of chemotherapy. A diagnosis of stent occlu-
sion and cholangitis was made, and the plastic stent 
was removed and substituted with a self-expandable 
metallic stent (SEMS) endoscopically. Nine months after 
SEMS insertion, contrast-enhanced computed tomogra-
phy showed a pseudoaneurysm of the right hepatic ar-
tery protruding into the common bile duct lumen and in 
contact with the SEMS. The shape and size of the pseu-
doaneurysm and diameter of its neck was determined 

by contrast-enhanced ultrasonography using Sonazoid. 
A micro-catheter was led into the pseudoaneurysm in 
the right hepatic artery, GDC™ Detachable Coils were 
placed, and IDC™ Detachable Coils were then placed 
in the right hepatic artery on the distal and proxi-
mal sides of the pseudoaneurysm using the isolation 
method. There have been a few reports on pseudoan-
eurysm associated with stent placement in the biliary 
tract employing percutaneous transhepatic procedures, 
however, reports of pseudoaneurysms associated with 
endoscopic SEMS placement are very rare.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Recently, self-expandable metallic stents (SEMS) have 
begun to be used widely for internal drainage of  malig-
nant biliary tract stenosis, and are contributing to im-
provements in patients’ quality of  life (QOL) as they are 
expected to prolong the period of  patency depending on 
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the stent diameter. SEMS placement is considered safe 
due to the development and improvement of  various 
devices, however, serious complications such as hemor-
rhage as well as re-occlusion and inflammation are occa-
sionally observed and pose difficulties in management. In 
this study, we placed an SEMS endoscopically in a patient 
with obstructive jaundice due to inoperable middle com-
mon bile duct cancer. A pseudoaneurysm was confirmed 
in the right hepatic artery approximately 9 mo later, and 
was treated with transcatheter arterial embolization (TAE) 
prophylactically. There have been a few reports of  pseu-
doaneurysm associated with stent placement in the biliary 
tract employing percutaneous transhepatic procedures, 
however, reports of  pseudoaneurysms associated with 
endoscopic SEMS placement are very rare. Such a case is 
reported here, with a review of  the literature.

CASE REPORT
A 70-year-old man, who had been generally healthy, 
noted malaise, yellowing of  the bulbar conjunctiva, and 
brown urine, and consulted a local clinic. He was diag-
nosed with obstructive jaundice and was admitted to our 
hospital. Blood chemistry tests showed that ALT was 202 
IU/L (normal < 31 IU/L), ALP was 3023 IU/L (normal 
< 314 IU/L), T-bilirubin was 16.1 mg/dL (normal <1.0 
mg/dL), D-bilirubin was 10.9 g/dL (normal < 0.3 mg/
dL), C reactive protein (CRP) was 5.9 mg/dL (normal < 
0.2 mg/dL), and WBC was 16300/μL (normal < 9000 
μL), indicating jaundice, increases in hepatic and biliary 
tract enzymes and inflammatory reactions. Abdominal 
ultrasonography (US) showed a hypoechoic solid mass in 
the middle of  the common bile duct with dilation of  the 
intrahepatic duct and enlargement of  the gallbladder. Ab-
dominal CT confirmed findings similar to those on US 
and showed swelling of  lymph nodes around the mass 
and in the abdominal cavity. Narrowing over about 20 
mm of  the common bile duct was noted on endoscopic 
retrograde cholangiopancreatography (ERCP), and a di-
agnosis of  adenocarcinoma was made following biopsy. 
On the basis of  these findings, a diagnosis of  inoperable 
common bile duct cancer was made, and a plastic stent 
(10Fr× 40 mm, Zimmon Biliary Stent, Wilson-Cook 
Medical) was inserted endoscopically to drain the bile, 
and chemotherapy (TS-1: oral 5-fluorouracil derivative) 
was initiated. Abdominal pain and jaundice appeared ap-
proximately 6 mo after the beginning of  chemotherapy. 
A diagnosis of  stent occlusion and cholangitis was made, 
and the plastic stent was removed and substituted for an 
SEMS (80 × 10 mm, WallFlex® Biliary RX uncovered 
Stent, Boston Scientific) endoscopically. CT images ob-
tained 5 mo later showed no abnormal findings in the 
right hepatic artery (Figure 1). After 9 mo, abdominal 
pain and jaundice recurred, and the patient was hospital-
ized again. T-bilirubin was 3.7 mg/dL, CRP was increased 
at 9.4 mg/dL, and CT and ERCP showed dilation of  the 
intrahepatic bile duct, indicating cholangitis, but, at this 
point, a small pseudoaneurysm of  the right hepatic artery, 

measuring 9 × 6 mm, protruding into the common bile 
duct lumen and in contact with the SEMS was overlooked 
(Figure 2). On the 2nd hospital day, an endoscopic naso-
biliary drainage (ENBD) (7.2Fr. pigtail, Hanako Medical 
Co., Tokyo) and a plastic stent (7Fr × 100 mm, Zimmon 
Biliary Stent, Wilson-Cook Medical) were placed into the 
SEMS (stent-in-stent placement). On CT performed on 
the 6th hospital day, the pseudoaneurysm had enlarged to 
21 × 11 mm (Figure 3). US performed on the same day 
showed marked dilation of  the common bile duct to a di-
ameter of  24 mm and consequent extrinsic compression 
of  the portal vein. The SEMS was displaced toward the 
liver, and hypoechoic solid components filling the space 
between the SEMS and bile duct and a pseudoaneurysm 
showing cystic growth in the lumen of  the bile duct were 
observed. Only the apex of  the pseudoaneurysm was in 
contact with the SEMS (Figure 4). The pseudoaneurysm 
and hypoechoic solid components filling the dilated bile 
duct were examined on contrast-enhanced ultrasonogra-
phy (CEUS) using Sonazoid, and the maximum diameter 
and neck diameter of  the pseudoaneurysm were found to 
be 23 mm and about 14 mm, respectively. However, there 
were no Sonazoid bubbles detected in the bile duct oth
er than the pseudoaneurysm, and the hypoechoic solid 

Figure 1  Computed tomography image obtained 5 mo after self-expand-
able metallic stent insertion showed no abnormal findings of the right 
hepatic artery (arrow). 

Figure 2  Computed tomography showed a small pseudoaneurysm of the 
right hepatic artery, measuring 9 × 6 mm, protruding into the common bile 
duct lumen (arrow) 9 mo after self-expandable metallic stent insertion. 
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components filling the bile duct were judged to be debris 
(Figure 5). While no hemorrhage from the bile duct was 
noted during the disease course, the pseudoaneurysm 
tended to enlarge, and TAE was performed on the 12th 
hospital day. On angiography, the left and right hepatic 
arteries were found to arise from the superior mesenteric 
artery, and the pseudoaneurysm was confirmed to be 
located in the right hepatic artery, as suggested by com-

puted tomography (CT). The aneurysm was located up-
stream of  the common bile duct cancer at the upper third 
of  the SEMS and was separated from the ends of  the 
stent. A micro-catheter was led into the pseudoaneurysm 
in the right hepatic artery, two 3D shape coils, two 2D 
shape (GDC™ Detachable Coils, Boston Scientific) were 
placed, and seven coils (IDC™Detachable Coils, Boston 
Scientific) were then placed in the right hepatic artery 

Figure 3  On the 2nd hospital day, an endoscopic naso-
biliary drainage and a plastic stent were placed into the 
self-expandable metallic stent. On the 6th hospital day, axial 
(A) and coronal (B) plane arterial phase computed tomography 
showed enlargement of the pseudoaneurysm (arrow). 

Figure 4  Color Doppler ultrasonography on the 6th hospi-
tal day. A: Ultrasonography showed marked dilation of the com-
mon bile duct to a diameter of 24 mm and consequent extrinsic 
compression of the portal vein; B:The self-expandable metallic 
stent (SEMS) was displaced toward the liver, and hypoechoic 
solid components filling the space between the SEMS and 
bile duct and a pseudoaneurysm showing cystic growth in the 
lumen of the bile duct was observed; C: Only the apex of the 
pseudoaneurysm was in contact with the SEMS. 
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on the distal and proximal sides of  the pseudoaneurysm 
using the isolation method, and the absence of  contrast 
medium influx into the pseudoaneurysm was confirmed 
(Figure 6). There was no sign of  partial hepatic infarc-
tion after the procedure on lab data and images. Since no 
blood flow signal of  the pseudoaneurysm was noted on 
subsequent Doppler US, the ENBD was removed, and 
the patient was discharged on the 20th hospital day. Che-
motherapy has continued to the present.

DISCUSSION
The incidence of  serious complications associated with 
SEMS placement in the bile duct has been reported to be 
7%-24%[����1,2�], and cholangitis, pancreatitis, acute cholecysti-
tis, liver abscess, common bile duct perforation, duodenal 
perforation, and hemobilia are frequent complications. 
These complications occur relatively early after the place-
ment of  an SEMS, are caused by the procedure of  stent 
placement and re-occlusion due to sludge, and are often 
resolved by conservative treatment. However, hemobilia 
occasionally leads to a serious outcome. Generally, hemo-
bilia associated with SEMS placement is considered to be 

caused by damage to the artery or liver parenchyma due 
to percutaneous transhepatic puncture prior to SEMS 
placement or vascularization due to infection. Green et al[���3��]�  

reported in a review of  222 recent cases of  hemobilia, 
that the hemorrhage was caused by medical procedures 
involving the hepatobiliary system such as percutaneous 
transhepatic biliary drainage in 147. Moreover, pseudoan-
eurysms were reported to have been noted in 1.7%-16.9% 
of  cases with hemobilia associated with surgical proce-
dures of  the hepatobiliary system[����4,5�].

To date, there have been a few reports of  pseudoa-
neurysm caused by stents including plastic stents rather 
than by complications of  endoscopic or percutaneous 
transhepatic procedures, however, those caused by SEMS 
are very rare[����6,7�]. Monroe et al[��6�] noted a pseudoaneurysm 
of  the pancreaticoduodenal artery 3 wk after the endo-
scopic placement of  an SEMS, and reported that it was 
caused by necrosis of  the arterial wall due to compression 
by the SEMS. Rai et al[��7�] reported a case that developed 
obstructive jaundice 6 mo after percutaneous transhe-
patic placement of  an SEMS, and underwent endoscopic 
placement of  a plastic stent in the SEMS for bile drain-
age. The stent re-occluded after several months, and, 

Figure 5  The pseudoaneurysm and hypoechoic solid components filling the dilated bile duct were examined on contrast-enhanced ultrasonography. A-C: 
Images obtained at 15 s (A), 55 s (B) and 127 s (C) after injection of Sonazoid (0.5 mL) via a left cubital venous line showed no Sonazoid bubbles in the common bile 
duct other than in the pseudoaneurysm; D: Monitor B-mode ultrasonography image. 

Figure 6  Transcatheter arterial embolization performed on the 12th hospital day. A, B: On angiography, the left and right hepatic arteries were found to arise 
from the superior mesenteric artery, and the pseudoaneurysm was confirmed to be located in the right hepatic artery; C: One IDC coil was placed in the right hepatic 
artery on the distal side of the pseudoaneurysm (arrow) after the pseudoaneurysm was framed using several types of coils. Seven coils were placed in the right he-
patic artery on the distal and proximal sides of the pseudoaneurysm using the isolation method.
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when the plastic stent alone was removed, a pseudoaneu-
rysm of  the right hepatic artery ruptured. They conclud-
ed that inflammation around the bile duct and adhesion 
between the SEMS and hepatic artery contributed to the 
formation of  the right hepatic artery pseudoaneurysm.

In our patient, a plastic stent was placed for obstruc-
tive jaundice due to inoperable middle common bile 
duct cancer, and was replaced with an SEMS endoscopi-
cally due to the recurrence of  jaundice after 6 mo. CT 
performed the next day showed no abnormal findings 
in the right hepatic artery, but CT performed 9 mo after 
stent re-occlusion first disclosed a pseudoaneurysm in 
the right hepatic artery. On US and CT, the pseudoaneu-
rysm was about 20 mm in diameter, protruded into the 
markedly dilated lumen of  the common bile duct, and 
was displaced with only its apex being in contact with the 
external wall of  the SEMS. In addition, US suggested the 
presence of  hypoechoic solid components in the space 
between the external wall of  the SEMS and common bile 
duct, apparently filling the pseudoaneurysm. However, 
on CEUS, no Sonazoid bubbles were noted in the hy-
poechoic area around the pseudoaneurysm, thus, the sol-
id components were judged to be sludge or debris rather 
than tumor invasion. Moreover, the pseudoaneurysm 
was located near the center of  the SEMS and was distant 
from its ends, suggesting that the possibility of  its forma-
tion due to trauma or compression of  the arterial wall by 
the metal at the tip of  the SEMS was low. From a review 
of  the disease course, the pseudoaneurysm in the right 
hepatic artery in our patient was unlikely to have been 
caused by placement of  the plastic stent or SEMS or in-
vasion of  the primary cancer to the hepatic artery. Also, 
no pancreatitis associated with the endoscopic procedure 
or stent placement was noted, excluding pancreatitis as a 
cause of  pseudoaneurysm formation. Therefore, in our 
patient, the pseudoaneurysm was considered to have de-
veloped due to the promotion of  erosion of  the hepatic 
artery wall in contact with the common bile duct by the 
concurrence of  factors including marked dilation of  the 
common bile duct due to the accumulation of  sludge 
and debris and the spread of  inflammation to surround-
ing tissues from recurring cholangitis associated with 
obstructive jaundice. This etiology of  pseudoaneurysms 
resembles that reported by Monroe et al[��6�], however, there 
has been no report of  a hepatic artery pseudoaneurysm 
in a patient undergoing endoscopic placement of  an 
SEMS.

More than 60% of  unruptured pseudoaneurysms 
of  the hepatic artery are either asymptomatic and de-
tected incidentally or are symptomatic but present non-
specific findings[����8,9�]. Of  ruptured pseudoaneurysms, 10% 
are asymptomatic and symptoms such as hemobilia, 
hematemesis, hematochezia, and abdominal pain are 
noted in 64%, 30%, 14% and 20%, respectively[���10�]. The 
possibility of  hepatic artery pseudoaneurysm rupture is 
21%-80%[������11-14�], and the mortality rate due to their rupture 
is high at 21-43%[������13,15�], thus, appropriate imaging diagno-
sis and treatment before rupture are desired.

Due to the recent development of  imaging modali-
ties, high-performance ultrasound devices, multi-detector 
row CT (MDCT), and magnetic resonance angiography 
have become available for the diagnosis of  pseudoan-
eurysms[������15-17�]. Kim et al[���16�] compared the usefulness of  
MDCT and Doppler US for the early detection of  he
patic artery pseudoaneurysms, which is a complication 
of  liver transplantation from a living donor, and reported 
MDCT as more effective, probably because US is af-
fected by gas in the digestive tract and the examiner’s 
skill. CEUS, on the other hand, is advantageous in that 
it is free of  radiation exposure or iodine allergy and can 
also be used in patients with renal dysfunction. The use 
of  CEUS in patients with hepatic artery pseudoaneurysm 
has not been reported. However, with the use of  contrast 
media such as Sonazoid, its diagnostic utility for hepatic 
artery pseudoaneurysms may not only be improved, but 
may also contribute to treatment planning by allowing de-
lineation of  the morphology of  the lesion, measurement 
of  its neck, determination of  the presence or absence of  
mural thrombi, and detailed and real-time evaluation of  
the environment around the lesion. According to the re-
port by Green et al[��3�] concerning treatments for hemobilia 
including that due to pseudoaneurysms, 43% were treated 
conservatively, 36% by TAE, and 20% surgically, and 
the rate of  surgical treatment appears to be decreasing 
due to the development of  interventional radiology. We 
also treated our patient with TAE. Embolization can be 
performed either by covered-stent insertion[������18,19�] or by si-
multaneous embolization of  both the proximal and distal 
sides of  the pseudoaneurysm[���20�]. In our patient, because 
of  the width of  the neck with a diameter of  14 mm and 
the mural structure of  the pseudoaneurysm, consisting 
only of  a delicate fibrous capsule[���18�], the internal wall of  
the aneurysm was framed first using a 3D shape coil, 
and then a 2D shape coil, a conventional platinum coil, 
was placed so that it would entwine with the 3D coil to 
prevent escape of  the 2D coil out of  the pseudoaneu-
rysm. Thereafter, seven IDC coils were placed in the 
right hepatic artery on the distal and proximal sides of  
the pseudoaneurysm, and the procedure was completed 
by confirming the absence of  blood flow in the pseudoa-
neurysm. It was very important for the safe execution of  
the procedure that the responsible artery could be identi-
fied as a branch of  the hepatic artery that arose from the 
SMA by CT, and that the shape and size of  the pseudoa-
neurysm and diameter of  its neck could be determined 
by CEUS before TAE. The success rate of  TAE in con-
trolling hemobilia has been reported to be 80%-100%[��3�], 
and the mortality rate due to TAE for pseudoaneurysm 
of  the hepatic artery has been reported to be 25% lower 
than that due to surgery[���10�]. Therefore, surgery should be 
selected for large pseudoaneurysms and patients in whom 
TAE has been unsuccessful or is contraindicated.

In conclusion, in our patient, prophylactic TAE was 
performed for a hepatic artery pseudoaneurysm without 
hemobilia. In addition, CEUS was very useful for delin-
eation of  the pseudoaneurysm on examination before 
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TAE. A lethal pseudoaneurysm or hemobilia may occur 
during long-term placement of  an SEMS in the bile duct. 
While an SEMS reduces the incidence of  jaundice and 
cholangitis, it may cause specific refractory complications 
that have not been evaluated sufficiently. Also, if  a stent 
is placed over a long period, many problems including 
biocompatibility of  the stent material and structure re-
main to be evaluated. The accumulation of  cases based 
on long-term follow-up is necessary.
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Abstract
Gastric varices are usually associated with a gastro-
renal (G-R) shunt. However, the gastric varices de-
scribed in this case report were not associated with a 
G-R shunt. The inflow vessel was the posterior gastric 
vein and the outflow vessels were the narrow inferior 
phrenic vein and the dilated cardio-phrenic vein. First, 
percutaneous transhepatic obliteration of the posterior 
gastric vein was performed, but the gastric varices 
remained patent. Then, micro-balloon catheterization 
of the subphrenic vein was carried out via  the jugular 
vein, pericardial vein and cardio-phrenic vein, however, 
micro-balloon-occluded inferior phrenic venography fol-
lowed by micro-coil embolization of the cardio-phrenic 
vein revealed no delineation of gastric varices result-
ing in no further treatment. Thereafter, as a gastro-
subphrenic-intercostal vein shunt developed, a micro-
balloon catheter was advanced to the gastric varices 
via  the intercostal vein and balloon-occluded retrograde 
transvenous obliteration (BRTO) was performed result-
ing in the eradication of gastric varices. BRTO for gas-

tric varices via  the intercostal vein has not previously 
been documented.

© 2012 Baishideng. All rights reserved.

Key words: Balloon-occluded retrograde transvenous obli
teration; Gastric varices; Gastro-subphrenic-intercostal 
vein shunt; Hepatocellular carcinoma; Intercostal vein

Peer reviewer: Hadi Rokni Yazdi, MD, Associate Professor, 
Department of Radiology, Central Radiology, Imam Khomeini 
Hospital, Tehran University of Medical Sciences, Keshavarz 
Blvd, Tehran 1419733141, Iran

Minamiguchi H, Kawai N, Sato M, Ikoma A, Sawa M, Sonomura 
T, Sahara S, Nakata K, Takasaka I, Nakai M. Balloon-occluded 
retrograde transvenous obliteration for gastric varices via the 
intercostal vein. World J Radiol 2012; 4(3): 121-125  Avail-
able from: URL: http://www.wjgnet.com/1949-8470/full/v4/i3/
121.htm  DOI: http://dx.doi.org/10.4329/wjr.v4.i3.121

INTRODUCTION
Once gastric varices rupture, bleeding is extremely dan­
gerous and sometimes fatal because the volume of  hem­
orrhage is often large. Treatment procedures for gastric 
varices such as surgical portosystemic shunt, percutane­
ous transhepatic obliteration (PTO) and transjugular intra­
hepatic portosystemic shunt may be effective[1]. However, 
balloon-occluded retrograde transvenous obliteration 
(BRTO), which was first reported by Kanagawa et al[2], is 
becoming a well-established treatment for gastric varices, 
whether hemorrhagic or prophylactic, as BRTO is less in­
vasive than the other procedures and offers good control 
even if  hepatic function is poor. During BRTO, the scle­
rosant is infused into the gastric varices under occlusion 
of  the draining vessel by balloon inflation. Gastric varices 
most commonly have a spontaneous gastro-renal (G-R) 
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shunt with the left adrenal vein targeted as the main 
draining vessel by balloon inflation. However, gastric 
varices which are not associated with a G-R shunt have 
been observed[3,4]. The outflow vessels of  gastric varices 
without a G-R shunt such as the inferior phrenic vein, 
cardio-phrenic vein, pericardial vein, retroperitoneal vein 
and intercostal vein are anatomically listed[5]. We present 
a patient who underwent BRTO performed by catheter­
ization via the intercostal vein for gastric varices with a 
gastro-subphrenic-intercostal shunt.

The institutional review board at our hospital did not 
require approval for this retrospective case.

CASE REPORT
A 55-year-old man with chronic liver disorder due to 
hepatitis B virus infection was introduced to our hospital 
because the family doctor had diagnosed a liver tumor. 
Laboratory data revealed Child-Pugh A liver dysfunc­
tion (Child-Pugh score 5) and high α-fetoprotein (AFP) 
and protein induced vitamin K absence or antagonist Ⅱ  
(PIVKA-Ⅱ) values of  230 ng/mL and 273780 mAU/
mL, respectively. Dynamic computed tomography (CT) 
demonstrated gastric varices with no G-R shunt and a 
large hepatocellular carcinoma (HCC) of  13 cm in diam­
eter in the right lobe (Figure 1A).

In the multidisciplinary conference which included 
surgeons, interventional radiologists and hepatologists, 
the patient was scheduled to receive PTO for gastric vari­
ces, percutaneous transhepatic portal vein embolization 
(PTPE) and thereafter, right hepatectomyas the volume 
of  the medial and lateral segment was too small to toler­
ate right lobe hepatectomy, and PTPE was anticipated to 
deteriorate gastric varices due to secondary portal hyper­
tention[6-8]. Under ultrasound guidance, the posterior infe­
rior subsegment of  the portal vein branch was punctured 
using an 18 gauge needle and a 4 Fr sheath was inserted. 
Percutaneous transhepaticsplenography using a 4 Fr pig­
tail catheter revealed that the inflow vessel of  the gastric 
varices was the posterior gastric vein and the outflow 
vessel was the dilated cardio-phrenic vein and narrow 
inferior phrenic vein. Then, PTO of  the posterior gastric 
vein for gastric varices was attempted. A micro-balloon 
catheter was advanced through the sheath to the poste­
rior gastric vein and under micro-balloon inflation, 50% 
glucose, 5% ethanolamine oleate-iopamidol (EOI) and 
microcoils were used for occlusion of  the posterior gas­
tric vein. PTPE of  the anterior and posterior segments 
using lipiodol, gelatin sponge particles and microcoils was 
conducted via the same transhepatic access route (Fig­
ure 1B). However, enhanced CT one month later dem­
onstrated that patent gastric varices remained, and the 
medial and lateral segments did not enlarge as expected. 
Laboratory tests also revealed no improvement in the 
indocyanine green retention ratio of  15 min (ICG-R15) 
(9% to 8%). Therefore, instead of  surgical hepatectomy, 
the patient underwent single photon emission computed 
tomography-based three-dimensional conformal radio­

therapy (SPECT-B-3D-CRT) targeting the large HCC 
to a total dose of  45 Gy/18 fractions with transcatheter 
arterial chemoembolization (TACE) resulting in tumor 
shrinkage with marked decreases in AFP and PIVKA-Ⅱ 
values (18.7 ng/mL and 120 mAU/mL, respectively).

Follow-up gastrointestinal endoscopy demonstrated 
the presence of  gastric varices and a new small gastric 
cancer. Endoscopic ultrasoundscopy revealed that the 
gastric cancer was limited to the submucosal layer, how­
ever, gastric varices were observed beneath the gastric 
cancer. The surgeon asked for the gastric varices to be 
eradicated in order to undertake endoscopic submuco­
sal dissection (ESD) to remove the early gastric cancer. 
Dynamic CT demonstrated gastric varices with no G-R 
shunt, however, the presence of  the narrow left inferior 
phrenic vein and dilated cardio-phrenic vein were noted. 
Catheterization of  the inferior phrenic vein was attempt­
ed but was difficult due to the narrowness of  the vein. 
We inserted a micro-balloon catheter into the pericardial 
vein via the left jugular vein and left innominate vein. 
Micro-balloon-occluded pericardial venography (Figure 
2A) revealed the narrow subphrenic vein, dilatation of  
the cardio-phrenic vein and the subphrenicbranch veins 
but did not delineate the gastric varices. We then inserted 

Figure 1  A 55-year-old man with gastric varices due to hepatitis B liver 
cirrhosis. A: Hepatocellular carcinoma of 13 cm in the right lobe. Gastric 
varices were also demonstrated (arrow); B: Percutaneous transhepatic oblitera-
tion of the posterior gastric vein using 5% ethanolamine oleate-iopamidol and 
microcoils was performed to occlude the gastric varices. Percutaneous transhe-
patic portal vein embolization of the right posterior and anterior segments of the 
portal vein using lipiodol, gelatin sponge particles and microcoils was conducted 
using the same transhepatic catheter route in order to enlarge the left hepatic 
lobe for possible right hepatectomy.
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a balloon catheter into the left subphrenic vein followed 
by coil embolization of  the cardio-phrenic vein to reduce 
the collateral pathways. However, micro-balloon-occluded 
subphrenic venography (Figure 2B) revealed still no de­
lineation of  gastric varices. Further catheterization using 
the micro-balloon catheter toward the gastric vein was 
difficult. As growth of  the early gastric cancer was slow, 
we waited one month anticipating development of  the 
inferior phrenic vein and hoped that simultaneous micro-
balloon inflations of  the subphrenic vein and pericardial 
vein might lead to delineation of  the gastric varices.

Beyond our expectation, axial and sagittal oblique im­
ages of  multi-planar reconstruction enhanced CT medi­
um one month later (Figure 3), revealed the gastric varices 
draining to the development gastrosubphrenic-intercostal 
shunt. BRTO for gastric varices via the intercostal vein 
was then carried out. Under ultrasound guidance, the 7th 
inter-costal vein was punctured using an 18-gauge needle, 
and a 6 French guiding catheter (ELWAY C2 type, Teru­
mo Clinical Supply, Gifu, Japan) was inserted followed 
by advancement of  a 0.035 inch guidewire (Surf, Piolax, 
Yokohama, Japan). The patient complained of  slight pain 
during catheterization because the catheter contacted 
with the rib and friction arose during respiration. Drip 
infusion of  the analgesic (pentazocine hydrochloride) was 

effective in relieving pain. A micro-balloon catheter (Iigu­
man, 7 mm diameter, Fuji System, Fukushima, Japan) 
was coaxially inserted through the guiding catheter and 
advanced using a microwire (HI-LEX, Hyogo, Japan) to 
the retroperitoneal vein which directly drained the gastric 
varices via the subphrenic vein. Micro-balloon inflation 
was not enough to interrupt the blood flow because 
the diameter of  the draining vein was too large. Thus, a 
micro-balloon was inserted into the neck of  the gastric 
varices and then inflated, resulting in the stagnation of  
blood flow. BRTO was conducted using 5% EOI mixed 
with 10% ethanolamine oleate (Oldamine, Fuji Chemical, 
Toyama, Japan) and the same dose of  contrast medium 
(Iopamidol, 300 mg iodine) (Figure 4). Intravenous drip 
infusion of  4000 units of  human hepatoglobin (Benesis, 
Kyoto, Japan) was administered for approximately 30 min 
before BRTO. To reduce the dose of  the sclerosing agent 
to a minimum, 10 mL of  50% glucose was infused ini­
tially and a total of  7.5 mL of  5% EOI was infused into 
the gastric varices via the microcatheter under balloon 
inflation. However, we realized that stagnation of  EOI 
was temporary due to the presence of  other small out­
flow channels. Ethanol 99% mixed with lipiodol (4:1) was 
also injected to occlude the channels. After confirmation 
of  the disappearance of  the channels, another 7.5 mL of  
5% EOI was infused resulting in satisfactory stagnation.  

Figure 2  Micro-balloon-occluded pericardial venography. A: Micro-balloon 
occluded venography (M-BOV) of the pericardial vein demonstrated the devel-
opment of the cardio-phrenic vein and phrenic branch veins; B: Embolization of 
the cardio-phrenic vein using 9 microcoils (#) was conducted in order to reduce 
the collateral vessels. However, M-BOV of the left subphrenic vein (asterisk) 
followed by coil embolization demonstrated the narrow outlet of the subphrenic 
vein (arrow) and the dilated phrenic branches but not gastric varices. Further 
advancement of the micro-balloon catheter was difficult.

A
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Figure 3  Portal phase of dynamic computed tomography images us-
ing contrast medium before balloon-occluded retrograde transvenous 
obliteration. A: Axial image demonstrated enlargement of gastric varices (ar-
row) and intercostal vein (arrowhead) with marked shrinkage of hepatocellular 
carcinoma; B: Multi-planar reconstruction computed tomography image dem-
onstrated the gastric varices (arrow) and the dilated phrenic branch (asterisk) 
communicating with intercostal vein (arrowhead).

A

B

Minamiguchi H et al . BRTO for gastric varices via  the intercostal vein



124 March 28, 2012|Volume 4|Issue 3|WJR|www.wjgnet.com

Micro-balloon inflation was maintained overnight in the 
ward, and the thrombosed gastric varices were confirmed 
the following day by contrast-enhanced CT. Thereafter, 
the puncture route of  the intercostal vein was occluded 
completely using microcoils (COOK Europe, Bjaever­
skov, Denmark) of  2 to 6 mm in diameter. Enhanced CT 
the following day revealed no delineation of  gastric vari­
ces (Figure 5), which allowed the patient to receive ESD.

DISCUSSION
Gastric varices draining into a G-R shunt occur with a 
high incidence of  84 to 97%[3,5]. When a G-R shunt, as 
the main draining vein from gastric varices is present, col­
lateral outflows such as the left subphrenic vein, pericar­
dio-phrenic vein, gonadal vein and retroperitoneal veins 
are often observed. These collateral outflows are antici­
pated to develop in cases of  gastric varices without a G-R 
shunt. Kameda et al[3] demonstrated that as the draining 
vessel from gastric varices without a G-R shunt, the sub­
phrenic vein is the most important followed by the peri­
cardial vein and paraesophageal vein. In the present study 
involving a patient with gastric varices without a GR 
shunt, the inflow vessel was the posterior gastric vein and 
the outflow vessels were the dilated cardio-phrenic vein 
and the narrow subphrenic vein. The narrow subphrenic 
vein and coil embolization of  the cardio-phrenic vein 
developed the draining route of  the gastrosubphrenic-
intercostal shunt.

Chikamori et al[9] attempted to treat gastric varices with 
a gastropericardiac shunt using PTO of  the posterior 
gastric vein which resulted in the successful shrinkage 
of  gastric varices. Despite PTO of  the posterior gastric 
vein, the occlusion of  gastric varices was not satisfactory 
in the present case. In order to perform ESD for early 
gastric cancer safely, the eradication of  gastric varices 
was requested. Subphrenic venography under inflation of  
the micro-balloon catheter followed by coil embolization 
of  the cardio-phrenic vein did not lead to delineation of  
gastric varices. One month later, following the develop­
ment of  a gastrosubphrenic-intercostal shunt, BRTO via 
the intercostal vein was performed resulting in complete 
thrombosis of  gastric varices. To the best of  our knowl­
edge, BRTO for gastric varices via the intercostal vein 
route has not been documented.

The insertion of  a catheter into an intact intercostal 
vein is generally difficult because of  its narrow diameter. 
In this case, a dilated intercostal vein developed and un­
der ultrasound guidance, puncture and catheter insertion 
were performed without difficulty. The friction of  the 
catheter on the rib during respiration caused slight pain 
which resolved with the administration of  analgesics. 
Pressure hemostasis by hand at the intercostal vein punc­
ture site after withdrawal of  the catheter was difficult. 
Microcoil embolization was then carried out adjacent to 
the puncture site resulting in no recurrent bleeding.

This patient suffered from a giant HCC of  13 cm 
in diameter. Shiraiet al[10] reported that the combination 
of  SPECT-B-3D-CRT and TACE achieved a median 
survival of  13.5 mo in HCC patients with portal vein tu­
mor thrombus which was comparable to that (13.6 mo) 
reported in a surgical hepatectomy series. The patient 
survived more than 2 years following SPECT-B-3D-CRT 
and TACE.

We conclude that in this case, the draining route of  
the gastrosubphrenic-intercostal shunt was developed by 
the narrow subphrenicvein and coil embolization of  the 
cardio-phrenic vein, and BRTO for gastric varices via the 
intercostal vein resulted in eradication of  gastric varices.

SPV

GV
SPBV

PCV

CPV

ICV

Figure 4  The strategy and actual images of balloon-occluded retrograde 
transvenous obliteration via the intercostal vein. A: Schema of the micro-
balloon catheter inserted via the 7th intercostal vein (ICV) and advanced to the 
gastric varices (GV) through the subphrenic branch vein (SPBV) and subphren-
ic vein (SPV); B: After balloon inflation (asterisk), balloon-occluded retrograde 
transvenous obliteration (BRTO) using 5% ethanolamine oleate-iopamidol (EOI) 
and ethanol mixed with lipiodol was conducted. The radiograph immediately af-
ter BRTO showed the accumulation of EOI corresponding to the gastric varices 
(arrow). PCV: Pericardial vein; CPV: Cardio-phrenic vein.

Figure 5  Dynamic computed tomography the following day showed no 
enhancement of gastric varices (arrow).
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Events Calendar 2012
January 3-7, 2012
Imaging at Bachelor Gulch
Beaver Creek, CO 81620, 
United States
 
January 12-14, 2012
IROS 2012: Interventionell 
Radiologischen Olbert Symposium
Salzburg, Austria

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

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

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

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

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

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

March 1-5, 2012
ECR 2012
Vienna, Austria

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

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

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

April 22-24, 2012
Euroson 2012
Madrid, Spain

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

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

May 15-18, 2012
EURO PCR
Paris, France

May 19-23, 2012
ECTS 2012
Stockholm, Sweden

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

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

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

Interventional Radiology
Poertschach, Austria

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

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

June 27-30, 2012
CARS 2012
Pisa, Italy

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

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

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

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

September 12-15, 2012
ISS 2012
Rome, Italy

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

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

September 15-19, 2012
CIRSE 2012
Lisbon, Portugal

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

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

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

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

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

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

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

December 4-8, 2012
34rd San Antonio Breast Cancer 
Symposium, 
San Antonio, TX 78258 , 
United States
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GENERAL INFORMATION
World Journal of  Radiology (World J Radiol, WJR, online ISSN 
1949-8470, DOI: 10.4329), is a monthly, open-access (OA), peer-
reviewed journal supported by an editorial board of  319 experts in 
Radiology from 40 countries.

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

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

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

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

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

Name of journal
World Journal of  Radiology

ISSN
ISSN 1949-8470 (online)

Editor-in-Chief
Filippo Cademartiri, MD, PhD, FESC, FSCCT, Professor, Car-
dio-Vascular Imaging Unit-Giovanni XXIII Hospital, Via Giovanni 
XXIII, 7-31050-Monastier di Treviso (TV), Italy
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E-mail: wjr@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-59080039
Fax: +86-10-85381893
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of  Open Access Journals.

Published by
Baishideng Publishing Group Co., Limited.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P val-
ues where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

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

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

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.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 leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

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.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
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 dP < 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 se-
quence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining 
written permission to use any copyrighted text and/or illustrations.
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cording to the citation order in the text. Put reference numbers in 
square brackets in superscript at the end of  citation content or after 
the cited author’s name. For citation content which is part of  the 
narration, the coding number and square brackets should be typeset 
normally. For example, “Crohn’s disease (CD) is associated with 
increased intestinal permeability[1,2]”. If  references are cited directly 
in the text, they should be put together within the text, for example, 
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When the authors write the references, please ensure that the 
order in text is the same as in the references section, and also ensure 
the spelling accuracy of  the first author’s name. Do not list the same 
citation twice. 

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

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

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 con-
trast 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  Pixu-diar-
rhoea. 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. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
09]

Both personal authors and an organization as 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:10.10
97/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

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

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5; 
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. 

Flexible endoscopic grasping and cutting device and positioning 
tool assembly. United States patent US 20020103498. 2002 Aug 
1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express 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 pres-
sure, 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 formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.
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The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1949-8470/
g_info_20100313185816.htm.

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

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.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.
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2448.htm

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

Observation: http://www.wjgnet.com/1949-8470/g_info_20100313 
182834.htm

Guidelines for basic research: http://www.wjgnet.com/1949-8470/
g_info_20100313183057.htm

Guidelines for clinical practice: http://www.wjgnet.com/1949- 
8470/g_info_20100313183238.htm

Review: http://www.wjgnet.com/1949-8470/g_info_20100313 
183433.htm
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0313183720.htm

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

Case report: http://www.wjgnet.com/1949-8470/g_info_20100313 
184149.htm

Letters to the editor: http://www.wjgnet.com/1949-8470/g_info_20 
100313184410.htm

Book reviews: http://www.wjgnet.com/1949-8470/g_info_201003 
13184803.htm

Guidelines: http://www.wjgnet.com/1949-8470/g_info_20100313 
185047.htm

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Please revise your article according to the revision policies of  WJR. 
The revised version including manuscript and high-resolution image 
figures (if  any) should be re-submited online (http://www.wjgnet.
com/1949-8470office/). The author should send the copyright 
transfer letter, responses to the reviewers, English language Grade B 
certificate (for non-native speakers of  English) and final manuscript 
checklist to wjr@wjgnet.com.

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

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

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

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

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

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.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.

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