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Abstract
Pancreatic carcinoma is an extremely high-grade malig-
nant tumor with fast development and high mortality. 
The incidence of pancreatic carcinoma continues to in-
crease. Peripancreatic invasion and metastasis are the 
main characteristics and important prognostic factors in 
pancreatic carcinoma, especially invasion into the ner-
vous system; pancreatic nerve innervation includes the 
intrapancreatic and extrapancreatic nerves. A strong 
grasp of pancreatic nerve innervation may contribute to 
our understanding of pancreatic pain modalities and the 
metastatic routes for pancreatic carcinomas. Computed 
tomography (CT) and magnetic resonance imaging 
(MRI) are helpful techniques for depicting the anatomy 
of extrapancreatic nerve innervation. The purpose of 
the present work is to show and describe the anatomy 

of the extrapancreatic neural plexus and to elucidate its 
characteristics using CT and MRI, drawing on our own 
previous work and the research findings of others.

© 2012 Baishideng. All rights reserved.

Key words: Computed tomography; Magnetic resonance 
imaging; Extrapancreatic neural plexus

Peer reviewers: Aytekin Oto, MD, Associate Professor of Radi-
ology, Chief of Abdominal Imaging and Body MRI, Department 
of Radiology, University of Chicago, 5841 S Maryland Ave, MC 
2026 Chicago, IL 60637, United States; Weiguang Yao, PhD, De-
partment of Medical Physics, Regional Cancer Program, Sudbury 
Regional Hospital, 41 Ramsey Lake Road, Sudbury, Ontario P3E 
5J1, Canada; Dr. Charikleia Triantopoulou, Konstantopouleion 
Hospital, 3-5, Agias Olgas street, Athens 14233, Greece

Zuo HD, Zhang XM, Li CJ, Cai CP, Zhao QH, Xie XG, Xiao 
B, Tang W. Anatomy and imaging for pancreatic carcinoma 
invading the extrapancreatic neural plexus. World J Radiol 
2012; 4(2): 36-43  Available from: URL: http://www.wjg-
net.com/1949-8470/full/v4/i2/36.htm  DOI: http://dx.doi.
org/10.4329/wjr.v4.i2.36

INTRODUCTION
Pancreatic carcinoma is a type of  tumor associated with 
high mortality, and even in the early stages, peripancreatic 
invasion and metastasis are observed[1,2]. The pattern of  
cancer invasion via neural routes (perineural invasion) has 
been studied extensively, and 53% to 100% of  results 
have reported neural invasion in pancreatic carcinoma. 
The perineural invasion and the degree of  perineural in-
vasion, especially of  the extrapancreatic neural plexus, can 
provide some useful information for planning surgery, 
and it has also been shown to be an important prognostic 
factor for pancreatic carcinoma by several studies[3-16]. The 
innervation of  the pancreas is a very important factor in 
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the progression of  disease, primarily of  the biliary tract 
and pancreas and in surgical procedures[3,6,11,16]. It is critical 
for the anatomy of  the extrapancreatic innervation of  the 
pancreas to be made clear. Several studies have offered 
descriptions of  the innervation of  the pancreas[3,17,18].

The major celiac ganglia are distributed around the 
pancreas, and its nerve fiber branches not only mediated 
effective internal and external secretion in the pancreas 
but are also related to abdominal algesia. Neurotropic 
growth is one of  the important biological features of  
pancreatic carcinoma[19,20]. Extrapancreatic neural plexus 
invasion was not only the prognostic indicator of  pan-
creatic carcinoma but also related to the retroperitoneum 
recurrence after operation[21]. For the relief  of  intractable 
epigastric and back pain caused by advanced pancreatic 
carcinoma or other advanced epigastric tumors, com-
puted tomography (CT)-guided celiac plexus block was 
widely launched in clinics[22-25]. Therefore, to understand 
the celiac ganglia that are invaded by epigastric malignan-
cy, improving the likelihood of  success for celiac plexus 
block, reducing complications, and correctly identifying 
celiac ganglia are essential.

The development of  modern imaging technology 
has permitted imaging of  the extrapancreatic neural plex-
us[12,26,27].

ANATOMY OF EXTRAPANCREATIC 
NERVE PLEXUS
Innervation of  the pancreas by the sympathetic division 
of  the autonomic nervous system occurs via the splanch-
nic nerves, and innervation by the parasympathetic divi-
sion occurs via the vagus nerve[28]. Both types of  nerves 
are generally accompanied by blood vessels. Both nerve 
divisions contribute efferent (motor) fibers to the walls 
of  the blood vessels, the pancreatic ducts, and the pan-
creatic acini and visceral afferent (pain) fibers. For vagal 
afferent innervation, the major portion descends in the 
gastroduodenal branch toward the duodenum, pancreas, 
and pylorus[29].

The abundance of  nerve fibers and their encasement 
of  the neural plexus of  pancreas, which consists of  the 
intrapancreas nerve interlaced with the extrapancreatic, 
and the peripancreatic and retroperitoneal distribution of  
many netlike nerve fibers are the main reasons that pan-
creatic carcinoma easily causes nerve invasion and metas-
tasis. The extrapancreatic neural plexus has six parts[30,31], 
including the following.

The neural plexus of the pancreatic head
Concerning the innervation of  the pancreas, Yoshioka et 
al[32] and Yi et al[3] explained that the plexus pancreaticus 
capitalis��� ��������������������������������������       ��� (���������������������������������������       ���PLX������������������������������������       ���) ����������������������������������      ���could be divided into two parts, PLX-
Ⅰ and -Ⅱ. The main routes for both of  the nerves from 
the celiac plexus and the ganglia to the pancreas include 
two parts, one being the direct route from the celiac 
ganglia to the posterior surface of  the head of  the pan-
creas (PLX-Ⅰ) and the other route extending from the 
bilateral celiac ganglion to the left margin of  the uncinate 
process, via the plexus, around the superior mesenteric 

artery (SMA) (PLX-Ⅱ)[1] (Figures 1 and 2). Yi et al[3] also 
reported that the plexus from the celiac plexus to the 
pancreas head was divided into the anterior hepatic plex-
us and the posterior hepatic plexus; the former ran along 
the common hepatic artery, and the latter ran below and 
behind the portal venous system. The PLX-Ⅰ represents 
approximately 20% of  the fibers derived from the pos-
terior hepatic plexus. The PLX-Ⅱ is the portion most 
often invaded by pancreatic carcinoma, and it is reported 
to be involved in 74%-90% of  cases of  pancreatic head 
carcinoma[4,33].

The celiac plexus
The celiac plexus is the center of  the viscus and compo
sed of  celiac ganglia, several large and small nerves that 
terminate with the celiac ganglia, several nerve fibers that 
originate from the ganglia, and the abdominal branch of  
the posterior vagal trunk. The celiac plexus is located in 
front of  the superior segment of  the abdominal aorta, 
surrounding the celiac trunk and the root of  the SMA[34,35] 
(Figure 3). At dissection, most of  the celiac ganglia were 
between thoracic 12 and lumbar 1 (T12 and L1), and these 
ganglia were found in the upper part of  the retroperito-
neum, in front of  the diaphragmatic crura, medial to the 
adrenal glands, and near the aorta between the origin of  
the celiac artery and the SMA[26] (Figures 4 and 5).
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Figure 1  The anatomy of the extrapancreatic plexus. PL: Plexus; sma: Su-
perior mesenteric artery; ph: Pancreatic head.

Celiac axis

L. celiac ganglion

PL.sma

PL.ph Ⅰ

PL.ph Ⅱ

L. celiac ganglion

Duodenum

Pancreas

PL.ph
PL.ph

Figure 2  The anatomy of the pancreatic head plexus in a cadaver (arrows). 
The plexus extends from the celiac ganglia to the posterior surface of the head 
of the pancreas, the uncinate process. PL.ph: The plexus of the pancreatic 
head.



The plexus around the superior mesenteric artery
There are many pancreatic branches from the SMA to 
the right edge of  incisure of  the pancreas, the center and 
to the right of  the region behind the head of  pancreas, 
which bypass the dorsal mesentery (Figure 6).

The hepatic plexus
This route and its branches go from the liver to the back 
and superior borders of  the pancreatic head along the com-
mon hepatic artery and proper hepatic artery (Figure 7).

The aortic plexus
This route and its branches travel around the aorta and 
extend to the head and uncinate process of  the pancreas 
(Figure 8A). 

The splenic plexus
This route travels along the splenic artery, and the main 
route and its branches reach the tail of  the pancreas (Fig-
ure 8B).

CT FINDINGS OF EXTRAPANCREATIC 
NERVE PLEXUS 
Multi-detector row CT allows thinner images (1.0 or 0.5 
mm) to be reconstructed, enabling clear identification of  
the details of  the pancreatic and peripancreatic anatomies[36].
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Figure 3  The anatomy of the celiac plexus in cadavers (A, B). The pan-
creas was moved upward. The pictures demonstrate that the celiac plexus is 
the center of the viscus and composed of the celiac ganglia and several large 
and small nerves that terminate with the celiac ganglia (arrows). 

Pancreas
Stomach

SMA

IVCLeft renal vein

Figure 4  The anatomy of the celiac ganglia in a cadaver. The celiac gan-
glion (white arrows) was close to the aorta at a level intermediate to the origin 
of the celiac artery and superior to the mesenteric artery. It was located in the 
space bound by the inferior vena cava (IVC), the head of pancreas and the 
superior mesenteric artery (SMA). The pancreas was moved upward. The IVC 
was cut and moved laterally.

Figure 5  The dissection of the celiac ganglia in a cadaver at the L1 level. 
A: The left celiac ganglia; B: The right celiac ganglia; C: The histologic speci-
men stained with hematoxylin-eosin staining (× 100). With light microscopy, the 
celiac ganglion shows scattered ganglion cells (short arrows) and sparse nerve 
fibers (long arrows) among these ganglion cells.
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The neural plexus of  the pancreatic head can be dem-
onstrated clearly with CT imaging (Figures 9 and 10), 
showing a characteristic strand-like structure (Figure 10). 
Dal Pozzo et al[37] performed CT at the level of  the celiac 
trunk and the SMA to identify the celiac ganglia. The 
celiac ganglia appeared as small lines, oval or laminar 
structures lower in density than the diaphragm; some 
were the same density as the diaphragm. In cadavers, the 
celiac ganglia on CT thus indicated corresponded exactly-
by position, morphology, and dimensions-to the anatomic 
structures previously described in vivo (Figures 11 and 12). 
Rathmell et al[38] report the anatomy of  the celiac plexus 
block using CT. We performed CT scanning on six cadav-

ers and found that all of  the left celiac ganglia were sat-
isfactorily observed, whereas five out of  six of  the right 
celiac ganglia were satisfactorily shown. All of  the celiac 
ganglia in the 6 cadavers were located between T12- L1, 
and their morphology was primarily laminar. The appear-
ance of  the celiac ganglia was high density (Figure 11). 
In addition, we also observed celiac ganglion in normal 
adults using CT. We found that both sides of  the gan-
glia were of  moderate density, the same as the liver and 
spleen or slightly lower than the diaphragma crura, in 650 
cases (Figure 12). 

MR FINDINGS OF EXTRAPANCREATIC 
NERVE PLEXUS
We studied the magnetic resonance imaging (MRI) find-
ings of  the celiac ganglia in cadavers and found that MRI 
can show the celiac ganglia accurately when the ganglia 
are large and labeled with gadolinium. These findings in 
cadavers can be a reference for identifying the celiac gan-
glia in vivo[26] (Figure 13).

On MRI in cadavers, all of  the right and left ganglia 
were identified and found to be hyperintense relative 
to the liver and spleen (Figure 13). Seventy-five percent 
(75%) of  celiac ganglia were located at the level between 
the celiac artery and the SMA, in front of  the diaphrag-
matic crura and close and medial to the aorta. Twenty-
five percent (25%) of  celiac ganglia were at the level of  
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Figure 6  The anatomy of the plexus around the superior mesenteric ar-
tery in a cadaver. This route extends from the superior mesenteric artery (SMA) 
to the right edge of incisure of the pancreas. 
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Common hepatic artery

2004-10-16

Hepatic plexus

Figure 7  The anatomy of the hepatic plexus in cadavers (A, B). This route 
goes from the liver to the back and superior border of the pancreatic head, 
along the common hepatic and gastroduodenal artery (arrows).

Figure 8  The anatomy of the aortic plexus in a cadaver. A: This route and 
its branches surround the aorta and extend to the head and uncinate process of 
the pancreas; B: The route travels along the splenic artery, and the main route 
and its many branches reach the tail of the pancreas.
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the SMA. The celiac ganglion appeared lamina-shaped 
(85.38%), nodule-shaped (10%) and sickle-shaped (4.62%) 
(Figure 13). Both celiac ganglia were depicted at the same 
level on 83.33% of  MRI images. Almost all celiac ganglia 
could be seen at the level of  the pancreas. At the level of  
the head and body of  the pancreas, the right (41.67%) 
and left (58.33%) celiac ganglia could be seen; at the 
level of  the head of  the pancreas, the right (25%) and 
left (16.67%) celiac ganglia could be seen; at the level of  
the body and tail of  the pancreas, the right (33.33%) and 
the left (25%) celiac ganglia could be seen[26]. In healthy 
adults, the celiac ganglia characteristics were identical, in 

terms of  position, morphology, and dimensions, to the 
anatomic structures previously described in cadavers. 
Most of  the celiac ganglia were lamina- or line-shaped 
(Figures 13 and 14). 

CONCLUSION
The anatomy of  extrapancreatic neural plexus should 
be emphasized. The plexus includes six main parts, and 
the neural plexus of  the pancreatic head is very impor-
tant because it is easily invaded. These modern imaging 
techniques (CT and MRI) satisfactorily demonstrated the 
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Figure 9  A contrast-enhanced computed tomography shows the plexus (PLX-Ⅱ) (A, B). The PLX-Ⅱ extends to the left margin of the uncinate process via the 
plexus surrounding the superior mesenteric artery (arrows). 

A B

CBA

Figure 10  Non-enhanced computed tomography and contrast-enhanced computed tomography images show the neural plexus of the head of the pan-
creas (A-C). The plexus was a strand-like structure located in the area bound by the superior mesenteric artery, the inferior vena cava and the abdominal aorta (arrows).

Figure 11  Computed tomography images of celiac ganglion in cadavers (labeled with contras media). The left was crescent-shaped and in front of the left 
adrenal gland, and the right was line-shaped and adjacent to the right crura of diaphragm (long arrows). Short arrows indicate left adrenal gland (A) and superior mes-
enteric artery (B).
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Figure 12  Computed tomography images show the celiac ganglia at different levels. A: A celiac ganglion (long arrows) at the root of the superior mesenteric 
artery; its density is the same as the liver and spleen or slightly less than the diaphragma crura; B: The celiac ganglia (long arrows) at the level of the pancreatic head 
and neck. The left celiac ganglia were lamina-shaped and located lengthwise in the space in the front of the left adrenal gland (*); the right celiac ganglia were a 
thick, line-shaped structure dorsal to the inferior vena cava (IVC) and lateral to the right diaphragma crura; C: A celiac ganglion (long arrows) at the level of the root of 
the celiac trunk. It appeared lamina- and nodule-shaped; D: The celiac ganglia (long arrows) at the level of the uncinate process, with well-defined margins. The left 
ganglia were lamina-shaped and located lengthwise in the space to the front and the left of the adrenal gland (*); the right ganglia were thick and line-shaped, located 
dorsal to the IVC and lateral to the right diaphragma crura. Short arrows indicate IVC (B, C).
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Figure 13  The celiac ganglia on an magnetic resonance imaging. A: A gradient-refocused-echo T1-weighted image shows that both the right and left celiac gan-
glia (arrows), labeled with Gd-DTPA, have a higher signal intensity than that of the viscus, such as the liver and spleen; B: 3D T1-weighted image shows that both the 
right and left celiac ganglia labeled with Gd-DTPA (arrows) have a higher signal intensity than the kidneys; C: A gradient-refocused-echo, T1-weighted, out-of-phase 
image shows the right and left celiac ganglia (labeled with arrows). The right celiac ganglion was located in the space formed by the inferior vena cava (IVC), right 
adrenal gland, right diaphragmatic crura, head of pancreas, and superior mesenteric artery (SMA). The left ganglion was located in the open space formed by the left 
adrenal gland, left diaphragmatic crura, and SMA. The celiac ganglia are labeled with gadolinium; D: Coronal imaging on T1-weighted images shows the celiac gan-
glia labeled with Gd-DTPA (arrows). P: Pancreas.
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anatomy of  the extrapancreatic nerve, which correspond-
ed to the anatomy of  the cadaver. The clear recognition 
and understanding of  the innervation of  the pancreas 
is necessary for surgical treatment of  patients who have 
suffered nerve invasion by pancreatic carcinoma.
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Abstract
AIM: To compare the opinions and recommendations 
of imaging specialists from United States (USA) and 
non-USA developed nations for USA health care reform. 

METHODS: A survey was emailed out to 18 imaging 
specialists from 17 non-USA developed nation countries 
and 14 radiologists within the USA regarding health 
care reform. The questionnaire contained the following 
questions: what are the strengths of your health care 
system, what problems are present in your nation’s 
health care system, and what recommendations do you 
have for health care reform in the USA. USA and non-
USA radiologists received the same questionnaire.

RESULTS: Strengths of the USA health care system 
include high quality care, autonomy, and access to 
timely care. Twelve of 14 (86%) USA radiologists iden-
tified medicolegal action as a major problem in their 
health care system and felt that medicolegal reform 
was a critical aspect of health care reform. None of the 

non-USA radiologists identified medicolegal aspects as 
a problem in their own country nor identified it as a 
subject for USA health care reform. Eleven of 14 (79%) 
USA radiologists and 16/18 (89%) non-USA radiologists 
identified universal health care coverage as an impor-
tant recommendation for reform.

CONCLUSION: Without full universal coverage, mean-
ingful health care reform will likely require medicolegal 
reform as an early and important aspect of improved 
and efficient health care.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Through the legislative process, a health care reform bill 
passed through the United States (USA) congress on 
March 23, 2010 marking an effort to improve the USA 
health care system. Although the bill does not cover 
100% of  USA citizens, it potentially represents a major 
advance in the American health care system[1]. Many chal-
lenges remain ahead, including refining major initiatives 
in the reform measures. Critical flaws in the USA health 
care system have been at least partly addressed in the bill, 
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such as prohibiting denial of  health care insurance for 
patients with pre-existing conditions and extending health 
care coverage for young adults on their parental insurance 
programs[2,3]. Since the changes have primarily focused on 
health insurance reform, many key aspects that may have 
an enormous impact on the health care system have not 
been adequately addressed, such as access to adequate 
health care and safety of  delivered health care.

The intention of  this current survey-based study is to 
perform a small scale preliminary study to allow radiolo-
gists who are both practicing in non-USA developed na-
tions and in the USA to voice their concerns about their 
respective health care systems and to convey what they 
believe is essential to achieve meaningful health care re-
form in the USA.

MATERIALS AND METHODS
A survey on health care reform was emailed to 18 imaging 
specialists [17 radiologists, 1 cardiologist (Italy)] living in 
17 developed nations, all with a universal health care sys-
tem [Australia (2 radiologists), Austria, Belgium, Canada, 
Denmark, Germany, France, Ireland, Italy, Japan, Nether-
lands, Portugal, South Korea, Spain, Sweden, Switzerland, 
United Kingdom]. Findings from the survey administered 
to non-USA imaging specialists alone have been report-
ed[4]. The identical survey was emailed to 14 USA radiolo-
gists located in the following states/districts (California, 
District of  Columbia, Georgia, Florida, Illinois, Maryland, 
Nebraska, New York, North Carolina, Oregon, Pennsyl-
vania). The survey asked: (1) what are the strengths of  
your health care system; (2) what problems are present 
in your nation’s health care system; and (3) what recom-
mendations do you have for the USA as it embarks upon 
health care reform.

The respondents were all acquaintances of  the senior 
author on the study. No specific communications were 
held with the respondents by authors on this study to 
guide their responses, so that the information they pro-
vided could be considered unbiased by the authors.

The answers from all respondents were tabulated by 
one of  the investigators. Descriptive statistical analysis 
was performed.

RESULTS
Strengths
All of  the USA radiologists included in this survey 
praised the USA health care system for the high quality 
of  care that is provided to patients nationwide. Eleven of  
14 respondents (79%) felt that the high degree of  inno-
vation, research, and state-of-the-art technology provided 
in the USA makes the USA health care system one of  the 
best health care systems worldwide. However, 3 of  14 
(21%) respondents stated that access to state-of-the-art 
health care is dependent on adequate health insurance. 
This high technology-based quality of  care that leads to 
outstanding health care comes with a cost; 7 of  14 (50%) 

respondents felt that this was a primary factor in the ris-
ing health care costs. Of  the non-USA radiologists, 14 of  
18 (77%) felt that despite offering universal health care 
coverage their nation was able to provide state-of-the-art 
health care.

Five USA respondents (36%) described access to 
timely care as a strength of  the USA health care system. 
These five felt that one advantage that the USA health 
care system has over those countries that offer universal 
health care is the fast access to care, including medical 
appointments, imaging, and surgical interventions. 

Patient autonomy was named by 4 of  14 (29%) USA 
respondents as a great strength of  our USA health care 
system. One USA respondent felt that this autonomy 
comes at a high cost; an educated patient may demand to 
see subspecialists as opposed to a generalist or demand 
further work-up with expensive exams. The respondent 
stated that, while this free market environment inspires 
innovation, he believed that the cost of  health care rises 
as a result.

Weaknesses
USA respondents overwhelmingly cited two weaknesses 
in the USA healthcare system: the current medicolegal 
environment and lack of  universal insurance coverage. 
Twelve of  14 (86%) USA radiologists identified the cur-
rent medicolegal environment as a critical short-coming 
in the USA health care system and an important reason 
for continuously rising healthcare costs in the US. These 
respondents felt that medical liability is unpredictable, 
often arbitrary, and a strong player in the over-utilization 
of  tests. These 12 respondents questioned why medico-
legal reform has not already been addressed at a national 
level given the long-standing and escalating problems 
with medical liability. Nine USA radiologists felt this was 
due to the lack of  physician input in health care policy 
decisions. These opinions are in contrast to the non-USA 
imaging specialists, of  whom none cited medicolegal 
concerns in their health care system or included medico-
legal reform as a potential component to USA healthcare 
reform.

The second commonly cited weakness by the USA 
physicians [11/14 (79%)] is the lack of  universal insur-
ance coverage for USA citizens. In discussing this weak-
ness, these USA respondents are critical of  the for-profit 
companies that currently provide health care insurance. 
Ten (71%) of  the respondents blamed the growing num-
ber of  uninsured citizens on the insurance industry for 
setting limitations on who qualifies for healthcare policies 
and denying coverage for pre-existing conditions.

Recommendations
The two commonly cited recommendations stemmed 
from the cited major weaknesses of  the USA health 
care system. First, the need for medicolegal reform was 
emphasized by 12/14 (86%) USA radiologists. Potential 
solutions include capping financial penalties and capping 
the financial award to attorneys, including physician rep-
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resentation in all medicolegal policy reform, and estab-
lishing an alternative to the medicolegal system, such as 
expert medical panels.

Second, 11 of  14 (79%) USA radiologists recom-
mended universal health care as a critical part of  health 
care reform; one respondent stated “failure to provide 
basic health care insurance to all citizens is an inexcusable 
moral failure”. This mirrored recommendations by the 
non-USA radiologists; 16 of  18 (89%) non-USA respon-
dents recommended that the USA move to a universal 
health care system. As part of  the health care reform 
process, 8 of  14 (57%) USA respondents recognized the 
need to have more physician involvement in health care 
reform; 10 of  18 (56%) non-USA radiologists cited lack 
of  physician representation as a limitation in their own 
systems.

DISCUSSION
Although there are many other health care providers who 
occupy important positions in the health care delivery 
system, physicians hold a key role: physicians are the 
primary managers in meeting patient health care needs. 
Acknowledging the importance of  the role of  physicians, 
governmental representatives have emphasized that new 
health care measures should not interfere with the physi-
cian-patient interaction. However, ironically, there is little 
representation by physicians in the health care reform 
discussion and legislation.

In this preliminary study, the imaging specialists prais
ed the USA health care system for high quality and auton-
omy of  care as well as access to timely care; nevertheless, 
the majority of  respondents felt that lack of  universal 
health care is a disservice to USA citizens. Additionally, 
respondents felt that our medicolegal practice in the USA 
is a costly short-coming that needs to be addressed dur-
ing health care reform. This opinion is supported by a 
recent analysis by Price Waterhouse determined there 
was approximately $1 trillion in waste in the USA health 
care system with $200 billion attributable to defensive 
health care practice[5]. Similarly, Lubell reports, “Medical 
malpractice costs average about $55.6 billion annually, or 
2.4% of  annual health care spending”[6]. In reality, due to 
the pervasive nature of  defensive health care practice, the 
real cost may be considerably larger.

There is a complex interplay between several fac-
tors that may account for the difference in perception 
between USA and non-USA radiologists in the need for 
medicolegal reform in their respective countries, includ-
ing cultural differences amongst physicians, the public, 
physician-patient interaction, and differences in legal 
systems. However, it is notable that the great majority of  
USA radiologists in our study considered medicolegal 
reform an important goal, whereas none of  the non-
USA radiologists cited medicolegal issues as an important 
limitation in their own national health care systems. This 
raises the question of  how did the USA system evolve so 
differently from other developed nations that medicole-

gal concerns should be perceived by radiologists to be an 
enormous impediment in the USA but not of  any special 
concern in other developed countries?

In a prior study which evaluated Standard of  Care 
in medicolegal practice, the authors postulate that in a 
non-universal coverage system, if  a patient loses health 
insurance and has continued (often expensive) health care 
needs, that patient has essentially no option but to litigate 
against some party in order to get funds to continue to 
pay for their health care[7]. The obvious parties to litigate 
against are those with the greatest financial resources, 
which are often the health care providers and the hospi-
tals involved. Thus, financial need likely represents one 
of  the main drivers of  litigious activity, even if  the in-
jured party feels that the health care providers are not re-
sponsible. We propose that the absence of  a comprehen-
sive and universal healthcare plan in the USA is one of  
the key factors related to the disproportionate degree of  
healthcare litigation. The disconnect between medicolegal 
practice and quality of  health care is best expressed by 
studies that show that the USA has the greatest affliction 
of  medicolegal action (including this current study)[8-13], 
while at the same time possessing the best-trained, best-
qualified physicians, and the latest health care innovations 
and hospital systems[14,15]. However, universal health care 
systems have their own drawbacks, such as long wait 
times[4]. 

A down-side of  a system that relies on litigation set-
tlements to compensate for shortcomings in healthcare 
coverage is that a relatively small percentage of  those 
injured are able to win a medicolegal case[16]. In addition, 
a confrontational culture develops mistrust in the doctor-
patient relationships. A manifestation of  this phenom-
enon may account for the pattern of  practice referred 
to as “defensive medicine”; physicians feel compelled to 
perform additional tests and procedures, some of  which 
increases cost and/or risk to the patient (for example, the 
over-utilization of  CT)[17-21]. 

The major limitation of  our study is the relatively 
small number of  respondents included in this survey. 
As such, this study should be considered a preliminary 
investigation. We attempted to compensate for the low 
number of  respondents by selecting for wide geographic 
variation within both the non-USA group (17 different 
countries) and the USA group (representation from states 
widely distributed). Furthermore, our finding that 86% 
of  our USA respondent radiologists considered the cur-
rent medicolegal environment as a major limitation in the 
American system concurs with an earlier survey of  1231 
physicians, in which 91% of  the responders stated that 
they believed physicians in the USA order excess tests for 
medicolegal reasons and not for patient care reasons[22]. 
In addition, all respondents were acquaintances with one 
of  authors (RS). It would be of  interest to carry out a 
large-scale survey to hundreds or thousands of  radiolo-
gists across the US; however, this would require access 
to central databases and likely incentives for responses in 
order to achieve adequate response rates.
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Health care reform should address the core issues of  
excessive medicolegal actions, relative to other countries. 
Increasing the number of  individuals covered by health 
care, reduction in denials and improved long-term care 
coverage may decrease the number of  patients who seek 
legal action. Meaningful medicolegal reform should have 
as overarching goals the reduction of  defensive medical 
practices. It is our opinion that meaningful cost reduc-
tions can only occur if  physicians do not work under the 
constant threat of  litigation.

In summary, our small-scale study has described re-
sults from a survey administered to non-USA and USA 
radiologists, which mirror larger scale national surveys. 
Both groups separately considered that universal health 
care was important for health care reform in the US. 
Non-USA radiologists did not identify medicolegal is-
sues as a drawback in their health care system, whereas 
the majority of  USA radiologists did, indicating that this 
is perceived by healthcare providers to be a fundamental 
issue of  the USA health care system that needs to be ad-
dressed within the healthcare reform process.
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Abstract
AIM: ����������������������������������������������       �To compare the reported injuries on initial as�
sessment of the chest X-ray (CXR) in thoracic trauma 
patients to a second read performed by a dedicated 
trauma radiologist.

METHODS: By retrospective analysis of a prospec�
tive database, 712 patients with an injury to the chest 
admitted to the University Medical Center Utrecht were 
studied. All patients with a CXR were included in the 
study. Every CXR was re-evaluated by a trauma radiolo�
gist, who was blinded for the initial results. The find�
ings of the trauma radiologist regarding rib fractures, 
pneumothoraces, hemothoraces and lung contusions 
were compared with the initial reports from the trauma 
team, derived from the original patient files.

RESULTS: A total of 516 patients with both thorax 
trauma and an initial CXR were included in the study. 
After re-evaluation of the initial CXR significantly more 
lung contusions (53.3% vs  34.1%, P  < 0.001), hemo�
thoraces (17.8% vs  11.0%, P  < 0.001) and pneumo�
thoraces (34.4% vs  26.4%, P  < 0.001) were detected. 

During initial assessment significantly more rib fractures 
were reported (69.8% vs  62.3%, P  < 0.001).

CONCLUSION: During the initial assessment of a CXR 
from trauma patients in the emergency department, ��a 
significant number of treatment-dictating injuries are 
missed. More awareness for these specific injuries is 
needed.

© 2012 Baishideng. All rights reserved.

Key words: �������������������� �� ������������� �� ������Thoracic radiography; Rib fractures; Hemot�
horax; Pneumothorax; Pulmonary contusion

Peer reviewer: Thomas Deserno, PhD, Professor, Department 
of Medical Informatics, RWTH Aachen University, Pauwelsstr. 
30, 52057 Aachen, Germany

Aukema TS, Beenen LFM, Hietbrink F, Leenen LPH. Initial as-
sessment of chest X-ray in thoracic trauma patients: Awareness of 
specific injuries. World J Radiol 2012; 4(2): 48-52  Available 
from: URL: http://www.wjgnet.com/1949-8470/full/v4/i2/
48.htm  DOI: http://dx.doi.org/10.4329/wjr.v4.i2.48

INTRODUCTION
Chest X-ray (CXR) is the main modality in screening for 
and diagnosing thoracic injuries in trauma patients. It is 
considered as a primary initial diagnostic test. This mo-
dality is part of  the advanced trauma life support work 
up[1] and it is widely available in hospitals. The CXR is 
used to visualize AO classified rib fractures, lung contu-
sions, pneumothorax, and hemothorax. Apart from these, 
subcutaneous and mediastinal emphysema, diaphragmatic 
and aortic injury, fractures of  the axial skeleton and mal-
position of  tubes and catheters can also be evaluated. 
The CXR is a quick modality with a high diagnostic yield 
which is crucial in the early work up of  trauma patients. 
Radiation exposure for the patient is minimal[2].
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In common practice, the CXR undertaken in the 
emergency department is assessed by the trauma team, 
frequently by residents on call. Although the trauma team 
may have adequate interpretive skills, they do not rou-
tinely have the luxury of  prolonged interpretation times 
and have to work under difficult conditions. Occult pneu-
mothoraces can be missed in up to 76% of  all seriously 
injured patients when CXRs are interpreted by a trauma 
team[3]. Potentially, the diagnostic performance of  CXR 
might increase if  a dedicated trauma radiologist could de-
tect specific injuries not seen by the trauma team, during 
a second read.

The aim of  the present study was to evaluate the re
ported injuries on initial assessment of  the CXR in tho-
racic trauma patients by comparing with a double read 
performed by a dedicated trauma radiologist for rib frac-
tures, pneumothorax, hemothorax and lung contusion.

MATERIALS AND METHODS
From the prospective trauma database of  the Univer-
sity Medical Center Utrecht, all patients admitted to the 
Emergency Department of  the University Medical Cen-
ter Utrecht over a period of  5 years were evaluated. We 
retrospectively searched the database for thoracic trauma 
patients with a CXR.

The following pathologic entities were assessed on 
CXR: rib fractures, pneumothorax, hemothorax and lung 
contusion. The included patients were diagnosed with at 
least one of  the assessed pathologic entities on the initial 
CXR.

The following factors were retrieved from the data-
base: patients’ age, sex, total hospital stay, intensive care 
unit (ICU) stay, thorax-related complications and mortal-
ity. For every patient, the initial reported findings of  the 
admission CXR by the ��������������������������������      trauma team ��������������������    were placed in a da-
tabase. All CXR were retrospectively assessed by a trauma 
radiologist (LB) blinded for clinical outcome and original 
report. 

Statistical analysis
Statistical analyses were performed by using SPSS 15 
(Version 15, for Windows, SPSS Inc., Chicago, IL, USA). 
Statistical testing was achieved using the ������������� McNemar test 
for related samples������������������������������������������     . ����������������������������������������    Statistical significance was defined as 
P value < 0.05.

RESULTS
Demographics
Screening CXR was obtained in 516 patients.�����������   The study 
cohort had a median age of  43 years (range 1-92 years). 
The study population was predominately male: 375 males 
(73%) and 141 females. The median overall hospital 
length of  stay was 23 d (range 1-257 d). Two hundred 
and seventy-one patients were admitted to the ICU; the 
median ICU stay was 8 d (range 1-198 d). Two hundred 
and thirty-three patients were ventilated; the median me

chanical ventilation duration was 7 d (range 1-190 d). De-
mographic data are presented in Table 1.

Rib fractures
Initial assessment of  the CXR showed rib fractures in 69.8% 
of  the patients. After a second read by the trauma radiolo-
gist, rib fractures were diagnosed in 62.3% of  the patients 
(Figure 1A, P < 0.001). Initially, 7.4% of  the patients were 
diagnosed with bilateral rib fractures and the range of  
number of  rib fractures was 1-16. After assessment by the 
trauma radiologist, 7.6% of  the patients showed bilateral 
rib fractures and the range was 1-14 (P = 1.0).

Pneumothorax
Initial CXR assessment by the trauma team revealed a pneu
mothorax in 26.4% of  the patients. The trauma radiolo-
gist diagnosed a pneumothorax in 34.4% of  the patients 
(Figure 1B, P < 0.001). Bilateral pneumothorax was ini-
tially seen in 3.5% of  the patients; after assessment by the 
trauma radiologist in 2.8% of  the patients (P = 0.13).

Hemothorax
Initial assessment of  the CXR by the trauma team reveal
ed hemothoraces in 11.0% of  the thoracic trauma pa-
tients. After a second read by the dedicated trauma radi-
ologist, hemothoraces were diagnosed in 17.8% of  the 
patients (Figure 1C, P < 0.001). Initially, 1.0% of  the pa-
tients were diagnosed with bilateral hemothoraces; after a 
second read by the dedicated trauma radiologist bilateral 
hemothoraces were seen in 0.8% of  the patients (P = 1.0).

Lung contusion
Initial assessment of  the CXR showed a lung contusion 
in 34.1% of  the patients. After evaluation by the dedi-
cated trauma radiologist, a lung contusion was seen in 
53.3% of  the patients (Figure 1D, P < 0.001).

DISCUSSION
This study demonstrates that there is a discrepancy be-
tween the initial assessment of  the CXR in thoracic trau
ma patients by the trauma team and a second read by a 
dedicated trauma radiologist. During initial evaluation sig-
nificantly more patients with rib fractures are diagnosed 
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Table 1  Patient demographics

Number of patients 516
Mean age (yr)   43
Sex of patient  n (%)
   Male 375 (73)
   Female 141 (27)
Days of hospital stay (median)   23
Patients in ICU  n (%) 271 (53)
Median length of ICU stay (d)     8
Ventilated patients  n (%) 233 (45)
Median duration of ventilation (d)     7
Mortality  n (%)   52 (10)

ICU: Intensive care unit.



on CXR and during the second read significantly more 
pneumothoraces, hemothoraces and pulmonary contu-
sions are seen.

Our results suggest that a second read by a dedicated 
trauma radiologist increases the diagnostic performance 
of  CXR for these thoracic injuries. The enhanced diag-
nostic performance subsequently improves treatment of  
thoracic trauma patients since the injuries can be treated 
more adequately or can be monitored closely.

The cause of  the missing injuries on radiographs dur-
ing initial assessment by the trauma team, mostly resi-
dents, can be diverse. Ball et al[3] suggested that missed 
injuries were likely based on the difficult conditions in 
which the trauma team functions. They do not have pro-
longed interpretation times, a perfectly lit environment 
and premium digital monitors, which most radiologists 
benefit from. Other studies have compared the perfor-
mance of  residents in the interpretation of  radiographs 
with that of  a radiologist and found their performance 
suboptimal[4,5]. A combination of  both factors could ac-
count for the discrepancy between the initial results and 
those obtained on second read by a trauma radiologist. 

In this study, 7.5% more rib fractures were diagnosed 
during the initial assessment by the trauma team than dur-
ing the second read by the dedicated trauma radiologist. 
The clinical value of  a single rib fracture can be ques-
tioned. Indeed, multiple rib fractures and rib fractures in 
older patients require adequate patient management[6-10]. 
However, the prognosis of  a patient with a single rib 
fracture is good if  treatment consists of  appropriate pain 
management and pulmonary rehabilitation[11,12]. 

Missed pneumothoraces on CXR are a known cause 
of  preventable death, for which relatively simple inter-
ventions may be life-saving[13]. This study demonstrates 
that 8% more pneumothoraces can be detected on CXR 
during a second look by a dedicated trauma radiologist. 
Although a minor pneumothorax may not be clinically 
important initially, it can become a dangerous entity 
when trauma patients require positive-pressure mechani-
cal ventilation or when patients are exposed to decreased 
atmospheric pressure during air transport. In the case of  
unawareness of  this initially non-life threatening condi-
tion, there is an increased risk of  adverse outcome during 
rapid progression to a tension pneumothorax[14,15]. Cur-
rently, there is ������������������������������������������       an ongoing debate on����������������������     observing all the oc-
cult pneumothorax without chest tube drainage[16-18] vs the 
standard treatment of  placing thoracic drainage in every 
ventilated patient[1,19]. Either way, patients with an occult 
pneumothorax require additional observation, thus iden-
tification of  this type of  injury is essential.

This study demonstrates that 6.8% more hemotho-
races can be detected after initial CXR during a second 
look by a dedicated trauma radiologist. In contrast to the 
extensive literature on occult pneumothoraces, little is 
known about the incidence of, and associated manage-
ment outcomes of, occult hemothorax in thoracic trauma 
patients. Several studies suggest that small, isolated, oc-
cult hemothoraces can be observed without initial place-
ment of  a chest tube in the stable patient[20,21]. In our 
institute every patient with a hemothorax is treated with 
a chest tube. In both treatment strategies, it is clinically 
relevant to detect hemothoraces on CXR. 

Pulmonary contusion is an independent risk factor for 
the development of  acute respiratory distress syndrome 
(ARDS)[22,23]. ��������������������������������������      Although fatal outcome of  ARDS has de-
clined over the last decade, ARDS still is one of  the most 
serious thorax trauma-related complications with a mor-
tality rate up to 20%-43%[24,25]. This study demonstrates 
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Figure 1  Percentage of patients initially diagnosed with rib fractures, 
pneumothoraces, hemothoraces and pulmonary contusion on chest X-ray 
and percentage of patients diagnosed after a second read by a dedicated 
radiologist. A:Rib fractures ; B:Paneumothoraces; C: Hemothoraces; D: Pul-
monary contusion. 
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that 19.2% more patients are diagnosed with pulmonary 
contusion on the initial CXR after a second read by a 
dedicated trauma radiologist, which is 19% higher than 
the initial assessment. These additional findings ���������� place the 
patients in a high-risk group for subsequent respiratory 
failure. These findings also have important implications 
on resource utilization such as admission to a monitored 
or intensive care unit bed.

Some limitations of  this study should be acknowl-
edged. This study was performed retrospectively which 
makes the results subject to bias. In an attempt to limit 
ascertainment bias, a single examiner performed all chart 
reviews. In addition, the dedicated trauma radiologist 
was blinded for the initial results from the CXR during 
the second read. Another potential limitation is the lack 
of  control for interobserver or intraobserver variability 
in interpretation of  the CXR findings. Brar et al[26] dem-
onstrated that the inter- and intraobserver variability to 
detect occult pneumothoraces is moderate. Szucs-Farkas 
showed that the kappa agreement was 0.23 for detecting 
rib fractures on CXRs[27]. However, none of  the studies 
differentiated between conventional reading of  the X-ray 
and reading by a dedicated radiologist.

During the initial assessment of  a CXR of  thoracic 
trauma patients by the trauma team a significant num-
ber of  thoracic injuries are missed. A second read by a 
trauma radiologist can improve the detection of  these 
injuries. This conclusion translated into clinical practice: 
CXR in trauma patients - take a second look.

COMMENTS
Background
In common practice, the chest X-ray (CXR) of trauma patients in the emergency 
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routinely have the luxury of unrestricted interpretation times and have to work 
under difficult conditions.
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increases the radiation dose of the patient. Few studies have focused on how 
to improve the detection rate of the conventional CXR.
Applications
A dedicated radiologist detects more pneumothoraces, hemothoraces and 
pulmonary contusions on a CXR than a conventional trauma team. One could 
consider adding a dedicated radiologist to the trauma team.
Peer review
The paper is well written with a clear hypothesis and study design, appropriate 
statistics and conclusions.

REFERENCES
1	 Kortbeek JB, Al Turki SA, Ali J, Antoine JA, Bouillon B, Bra-

sel K, Brenneman F, Brink PR, Brohi K, Burris D, Burton RA, 

Chapleau W, Cioffi W, Collet e Silva Fde S, Cooper A, Cortes 
JA, Eskesen V, Fildes J, Gautam S, Gruen RL, Gross R, Han-
sen KS, Henny W, Hollands MJ, Hunt RC, Jover Navalon 
JM, Kaufmann CR, Knudson P, Koestner A, Kosir R, Larsen 
CF, Livaudais W, Luchette F, Mao P, McVicker JH, Mer-
edith JW, Mock C, Mori ND, Morrow C, Parks SN, Pereira 
PM, Pogetti RS, Ravn J, Rhee P, Salomone JP, Schipper IB, 
Schoettker P, Schreiber MA, Smith RS, Svendsen LB, Taha W, 
van Wijngaarden-Stephens M, Varga E, Voiglio EJ, Williams 
D, Winchell RJ, Winter R. Advanced trauma life support, 8th 
edition, the evidence for change. J Trauma 2008; 64: 1638-1650

2	 Berrington de González A, Darby S. Risk of cancer from di-
agnostic X-rays: estimates for the UK and 14 other countries. 
Lancet 2004; 363: 345-351

3	 Ball CG, Ranson K, Dente CJ, Feliciano DV, Laupland KB, 
Dyer D, Inaba K, Trottier V, Datta I, Kirkpatrick AW. Clini-
cal predictors of occult pneumothoraces in severely injured 
blunt polytrauma patients: A prospective observational 
study. Injury 2009; 40: 44-47

4	 Benger JR, Lyburn ID. What is the effect of reporting all 
emergency department radiographs? Emerg Med J 2003; 20: 
40-43

5	 Perron AD, Huff JS, Ullrich CG, Heafner MD, Kline JA. ��A 
multicenter study to improve emergency medicine residents’ 
recognition of intracranial emergencies on computed tomog-
raphy. Ann Emerg Med 1998; 32: 554-562

6	 Bansidhar BJ, Lagares-Garcia JA, Miller SL. ������������������  Clinical rib frac-
tures: are follow-up chest X-rays a waste of resources? Am 
Surg 2002; 68: 449-453

7	 Holcomb JB, McMullin NR, Kozar RA, Lygas MH, Moore 
FA. Morbidity from rib fractures increases after age 45. J Am 
Coll Surg 2003; 196: 549-555

8	 Flagel BT, Luchette FA, Reed RL, Esposito TJ, Davis KA, 
Santaniello JM, Gamelli RL. Half-a-dozen ribs: the break-
point for mortality. Surgery 2005; 138: 717-723; discussion 
723-725

9	 Bulger EM, Arneson MA, Mock CN, Jurkovich GJ. ��������� Rib frac-
tures in the elderly. J Trauma 2000; 48: 1040-1046; discussion 
1046-1047

10	 Cameron P, Dziukas L, Hadj A, Clark P, Hooper S. Rib frac-
tures in major trauma. Aust N Z J Surg 1996; 66: 530-534

11	 Gabram SG, Schwartz RJ, Jacobs LM, Lawrence D, Murphy 
MA, Morrow JS, Hopkins JS, Knauft RF. Clinical manage-
ment of blunt trauma patients with unilateral rib fractures: a 
randomized trial. World J Surg 1995; 19: 388-393

12	 Kerr-Valentic MA, Arthur M, Mullins RJ, Pearson TE, May-
berry JC. Rib fracture pain and disability: can we do better? J 
Trauma 2003; 54: 1058-1063; discussion 1063-1064

13	 Stocchetti N, Pagliarini G, Gennari M, Baldi G, Banchini E, 
Campari M, Bacchi M, Zuccoli P. Trauma care in Italy: evi-
dence of in-hospital preventable deaths. J Trauma 1994; 36: 
401-405

14	 Baumann MH, Sahn SA. Tension pneumothorax: diagnostic 
and therapeutic pitfalls. Crit Care Med 1993; 21: 177-179

15	 Plewa MC, Ledrick D, Sferra JJ. ��������������������������  Delayed tension pneumotho-
rax complicating central venous catheterization and positive 
pressure ventilation. Am J Emerg Med 1995; 13: 532-535

16	 Barrios C, Tran T, Malinoski D, Lekawa M, Dolich M, Lush S, 
Hoyt D, Cinat ME. �������������������������������������    Successful management of occult pneu-
mothorax without tube thoracostomy despite positive pres-
sure ventilation. Am Surg 2008; 74: 958-961

17	 Collins JC, Levine G, Waxman K. Occult traumatic pneu-
mothorax: immediate tube thoracostomy versus expectant 
management. Am Surg 1992; 58: 743-746

18	 Jenner R, Sen A. Best evidence topic report. Chest drains 
in traumatic occult pneumothorax. Emerg Med J 2006; 23: 
138-139

19	 Enderson BL, Abdalla R, Frame SB, Casey MT, Gould H, 
Maull KI. Tube thoracostomy for occult pneumothorax: a 
prospective randomized study of its use. J Trauma 1993; 35: 

51 February 28, 2012|Volume 4|Issue 2|WJR|www.wjgnet.com

 COMMENTS

Aukema TS et al . Re-evaluation of initial chest X-ray assessment



726-729; discussion 729-730
20	 Bilello JF, Davis JW, Lemaster DM. Occult traumatic he-

mothorax: when can sleeping dogs lie? Am J Surg 2005; 190: 
841-844

21	 Stafford RE, Linn J, Washington L. Incidence and manage-
ment of occult hemothoraces. Am J Surg 2006; 192: 722-726

22	 Miller PR, Croce MA, Kilgo PD, Scott J, Fabian TC. Acute 
respiratory distress syndrome in blunt trauma: identification 
of independent risk factors. Am Surg 2002; 68: 845-850; dis-
cussion 850-851

23	 Wu JS, Sheng L, Wang SH, Gu J, Ma YF, Zhang M, Gan 
JX, Xu SW, Zhou W, Xu SX, Li Q, Jiang GY. The impact of 
clinical risk factors in the conversion from acute lung injury 
to acute respiratory distress syndrome in severe multiple 
trauma patients. J Int Med Res 2008; 36: 579-586

24	 Plurad D, Martin M, Green D, Salim A, Inaba K, Belzberg 
H, Demetriades D, Rhee P. The decreasing incidence of late 
posttraumatic acute respiratory distress syndrome: the po-
tential role of lung protective ventilation and conservative 
transfusion practice. J Trauma 2007; 63: 1-7; discussion 8

25	 Zambon M, Vincent JL. Mortality rates for patients with 
acute lung injury/ARDS have decreased over time. Chest 
2008; 133: 1120-1127

26	 Brar MS, Bains I, Brunet G, Nicolaou S, Ball CG, Kirkpatrick 
AW. Occult pneumothoraces truly occult or simply missed: 
redux. J Trauma 2010; 69: 1335-1337

27	 Szucs-Farkas Z, Lautenschlager K, Flach PM, Ott D, Strautz 
T, Vock P, Ruder TD. Bone images from dual-energy sub-
traction chest radiography in the detection of rib fractures. 
Eur J Radiol 2011; 79: e28-e32

S- Editor  Cheng JX    L- Editor  Logan S    E- Editor  Zheng XM

52 February 28, 2012|Volume 4|Issue 2|WJR|www.wjgnet.com

Aukema TS et al . Re-evaluation of initial chest X-ray assessment



Primary lymphoma of the liver - A complex diagnosis

Ernst JA Steller, Maarten S van Leeuwen, Richard van Hillegersberg, Marguerite EI Schipper, 
Inne HM Borel Rinkes, Izaak Q Molenaar

Ernst JA Steller, Richard van Hillegersberg, Inne HM Borel 
Rinkes, Izaak Q Molenaar, Department of Hepato Biliary Sur-
gery, University Medical Centre Utrecht, Heidelberglaan 100, 
3584 CX Utrecht, The Netherlands
Maarten S van Leeuwen, Department of Radiology, University 
Medical Centre Utrecht, Heidelberglaan 100, 3584 CX Utrecht, 
The Netherlands
Marguerite EI Schipper, Department of Radiology, University 
Medical Centre Utrecht, Heidelberglaan 100, 3584 CX Utrecht, 
The Netherlands
Author contributions: van Hillegersberg R, Schipper MEI and 
Borel Rinkes IHM provided critical revision of the manuscript; 
Steller EJA, van Leeuwen MS and Molenaar IQ wrote the manu-
script. 
Correspondence to:��������������������    ��� Izaak Q Molenaar, MD, Department of 
Hepato Biliary Surgery, University Medical Centre Utrecht, Hei-
delberglaan 100, 3584 CX Utrecht, 
The Netherlands. i.q.molenaar@umcutrecht.nl
Telephone: +31-88-7555555  Fax: +31-30-2541944
Received: March 12, 2011     Revised: April 20, 2011
Accepted: April 27, 2011
Published online: February 28, 2012

Abstract
A 59-year-old woman presented with the clinical symp-
toms and radiologic investigations of a liver lesion sus-
pect of metastasis. However, postoperative histopathol-
ogy revealed a primary hepatic lymphoma (PHL). The 
case of a patient with a solitary PHL, which was treated 
by resection and subsequent chemotherapy, will be dis-
cussed with a short overview of the literature.
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INTRODUCTION
Primary tumors of  the liver are difficult to character-
ize and are frequently associated with a poor prognosis. 
Primary hepatic lymphoma (PHL) is a rare primary liver 
tumor. Due to its clinical and radiological resemblance to 
liver metastases of  adenocarcinoma, PHL is frequently 
diagnosed intra- or post-operatively. Since chemotherapy 
is the treatment of  first choice for lymphoma, adjuvant 
chemotherapy should be given to patients for optimal 
treatment[1]. The existing literature on PHL reveals the 
difficulties involved in diagnosis and treatment. Here we 
present a case of  an immunocompetent patient with a 
large primary lymphoma of  the liver. This case study can 
provide references for the diagnosis and treatment of  
patients suspected of  having PHL. Due to the rarity of  
the disease controlled studies are lacking, thus the recom-
mendations made are based almost completely on case 
reports.

CASE REPORT
A 59-year-old woman without���������������������������     prior medical history was 
referred to our clinic with a computed tomography (CT) 
confirmed 10 cm liver lesion. During the previous year 
she complained of  fatigue and weight loss of  13 kg. 
Physical examination only indicated paleness. Lymph 
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nodes were not enlarged. Blood analysis revealed iron 
deficiency anemia and biliary obstruction. The tumor 
markers α fetoprotein, carcinoembryonic antigen, carbo-
hydrate antigen and 5-hydroxyindoleacetic acid were not 
elevated.

No positive antigens to human immunodeficiency 
virus (HIV), Ebstein-Barr virus (EBV), cytomegalovirus, 
toxoplasmosis or hepatitis A, B, or C (hep A, B, C) were 
observed.�������  ���������������������������������������      ������ ���������������������������������������     Chest X-ray, gastric and colon endoscopy did 
not show any abnormalities. A 3-phase (arterial, portal/ve-
nous and equilibrium phase) iodinated contrast enhanced 
CT-scan (Siemens Somatom Sensation 10) revealed a  
10 cm �� �� ��� �� �����������������������������������   ×� �� ��� �� �����������������������������������    8 cm �� �����������������������������������   ×� �����������������������������������    7.5 cm hypovascular, inhomogeneous 
lesion in segments Ⅴ and Ⅵ of  the liver without calci-
fications (Figure 1). Supplemental magnetic resonance 
imaging (MRI) (Philips Achieva 1.5 T), performed at our 

hospital, using gadolinium-EOB-DTPA (Primovist®; Bay-
er Schering) (Figure 2) confirmed the presence of  a hypo-
vascular, inhomogeneous solitary lesion, without contrast 
uptake in the hepatobiliary phase. The periphery of  the 
lesion was accompanied by hyperattenuated regions in the 
arterial phase, some of  which show diminished contrast 
uptake in the hepatobiliary phase. These findings suggest 
the radiological differential diagnosis of  metastases of  ad-
eno- or squamous tumors or cholangiocarcinoma. 

Treatment consisted of  an en-bloc resection of  tumor, 
gallbladder, and hepatoduodenal lymphadenectomy (Fig-
ure 3). Postoperative recovery was uncomplicated. 

Histopathology revealed a diffuse, large B-cell, non-
Hodgkin lymphoma (NHL) with negative surgical mar-
gins (Figure 4). Immunostaining of  the tumor showed re-
activity for CD45, CD20, CD79a, BCL6, MIB1 and BCl2. 
Postoperative investigations for disseminated NHL by 
CT scan, FDG-PET scan and bone marrow biopsy were 
negative. Adjuvant chemotherapy consisted of  6 cycles of  
cyclophosphamide, hydroxydaunorubicin (Adriamycin), 
oncovin (Vincristine), prednisone (CHOP) and rituximab.

During 24-mo ������������������������������������     follow-up our patient showed no sym
ptoms or signs of  recurrent disease.

DISCUSSION
PHL was first described in 1965 by Ata el al[2]. In 1986 
Caccamo et al[3] defined PHL as a lymphoma localized 
and limited to the liver without extrahepatic involve-
ment[3]. Symptoms should be explainable by involvement 
of  the liver. Furthermore, superficial lymphadenopathy, 
splenomegaly, abnormal hematological parameters, spleen 
or bone marrow localization cannot be present for at 
least 6 mo after appearance of  the hepatic lesion[3]. 

Primary hepatic NHL is very rare, only 0.016% of  all 
NHL. Of  all primary extranodal NHL only 0.4% arise in 
the liver[4]. 1.1% of  all primary hepatic tumors in 30 years 
in the Johns Hopkins tumor registry consisted of  PHL[5]. 
The incidence of  hepatic involvement in NHL is de-
scribed between 16% and 22%, stressing the importance 
of  careful investigation to disseminated disease outside 
of  the liver[6]. Associations in the literature have been 
made with HIV, hep B and C, EBV, liver cirrhosis, pri-
mary biliary cirrhosis, immunosuppressive therapy, and 
autoimmune disease. However, until now the pathogen-
esis of  PHL is still unclear[7]. 

Clinical presentation of  PHL is nonspecific. Most often 
fever, loss of  weight and night sweats (also known as ‘B’ 
symptoms) occur. Alternative symptoms described are: 
right upper abdominal pain, epigastric pain, abdominal 
distension, nausea, vomiting, asthenia or itch. No specific 
physical complaints are typical for PHL. Abdominal pain, 
jaundice and hepatomegaly are the only physical findings 
described for various patients. Blood count can show ab
normal aspartate aminotransferase, alanine aminotrans-
ferase, alkaline phosphatase, total and direct bilirubin and 
LDH[7]. Hypercalcemia and Bence Jones protein peak are 
rare but have been described[7]. 
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Figure 1  Radiological depiction of the liver lesion. Arterial (A), portal (B) 
and equilibrium phase (C) computed tomography scan with a large (10 cm ��×� 
8 cm �� ���� �������� ����������������������������   ×� ���� �������� ����������������������������    7.5 cm) hypovascular lesion in segments Ⅴ and Ⅵ of the liver with some 
inhomogeneity and without calcifications (lesion indicated by 3 white arrows).
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At initial presentation a third of  patients present with 
a solitary liver nodule while another third have multiple 
lesions, and the remaining cases have diffuse infiltration 
of  the liver[7]. Radiological investigation consists of  an ul-
trasound of  the liver, on which the tumor is hypo-atten-
tuating or iso-attentuating[8]. On tri-phasic liver CT scan 
PHL usually presents itself  as a hypodense lesion, with 
possible areas of  inhomogeneity. Occasionally local areas 
of  rim enhancement or calcifications may be seen[8]. On 
MRI, lesions tend to be hypointense compared to healthy 
liver parenchyma at T1, and have slight enhanced signal 
intensity on T2 weighed images. Hepato-biliary specific 
contrast does not show any enhancement of  PHL either 
in the early dynamic or late hepato-biliary phase. This is 
similar for gadobenate and gadopentate dimeglumine[9].

The majority of  PHL consist of  B-cell NHL (63%) 
and T-cell lymphoma (25%)[10]. Diagnosis is often made 

upon histopathological investigation of  the resection 
specimen. This is due to the hesitance in obtaining tis-
sue biopsies of  suspect liver lesions and risking needle 
track metastases[11,12]. Further differentiation can be done 
by immunohistochemical investigation[7,10]. The tumor 
has a nodular or diffuse growth pattern, in which the 
lymphoma cells expand into the liver parenchyma[13]. Tu-
mor tissue consists of  atypical cells with little basophilic 
cytoplasm, large vesicular nucleus, irregular nuclear mem-
brane and often multiple prominent nucleoli[14].

Additional diagnostic methods could be flow cytom-
etry, gene rearrangement and cytogenetic studies. Howev-
er, the histopathology can vary considerably, complicating 
the diagnosis.

Chemotherapy is the recommended therapeutic treat-
ment for all extranodal diffuse large B-cell lymphoma 
and T-cell lymphoma, making it the treatment of  choice 
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Figure 2  Magnetic resonance imaging���� ������������  �� �������� �������������������������������������������������������         ��� showing a large, sharply demarcated lesion measuring 11 cm in the right liver lobe. The lesion is hypointense on T1 
(A) and hyperintense on T2 (B) weighed images with slight inhomogeneity. Arterial (C), portal (D), equilibrium (E) and hepato-biliary (20 min) (F) phase magnetic reso-
nance imaging after Gd-EOB-DTPA contrast enhancement reveal a hypovasular lesion without uptake in the hepato-biliary phase (lesion indicated by white arrows).
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when PHL is diagnosed preoperatively[1]. Indications for 
surgical treatment are localized disease, which can be re-
sected completely, or surgical debulking[10]. However, due 
to the radiological resemblance to liver metastases of  ad-
eno- or squamous carcinoma and the accompanying risk 
of  needle track metastases from biopsies, most patients 
will be diagnosed after resection and will receive adjuvant 
chemotherapy[11,12].

Reports in literature discuss one or a combination of  
treatments. The lack of  controlled studies, due to the low 
incidence of  PHL, make well supported treatment rec-
ommendations based on available literature difficult. 

Survival rates for PHL vary considerably among re-
ported cases, largely depending on co-morbidity[7]. Page  
et al[15] discuss the 20-year experience of  ���� �����������The University 
of  Texas MD Anderson Cancer Center�������������� . Twenty-four 
cases with varying co-morbidity and treated only with che
motherapeutics resulted in an overall 5-year survival of  
83%[15]. 

PHL is associated with a poor prognosis due to its ag-
gressive nature and frequent severe co-morbidity. Of  72 
PHL patients described in literature the median survival 
is only 15.3 mo. The co-morbidity, especially immuno-
incompetence, causes a large variation in survival of  3 
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Figure 4  Histopathological results�. A�� ��������������������������������������������������������������������������������������������������������������������������                 :� ��������������������������������������������������������������������������������������������������������������������������                  Hematoxylin eosin staining (150 ������������������������������������������������������������������������������������������             ×�����������������������������������������������������������������������������������������             ) shows a large cell malignancy with mostly loose tumor cells with nuclear polymorphism. 
Furthermore, frequent giant nuclear bodies with macro-nucleoli and numerous cell mitoses. No central necrosis is observed�� ��� ����������������� ;�� �� �����������������  B�� ����������������� : ����������������� A photomicrograph (400 ����������� ×���������� ) showing 
lymphocytic tumor cells which are positive for CD20 staining around the plasma membrane, indicating non-Hodgkin lymphoma of B-cell origin.
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Figure 3  Intraoperative aspect of lesion. A�� ��������������������������������  ������ ��� �����������������   ����� ���������  ��������� : ��������������������������������  ������ ��� �����������������   ����� ���������  ��������� Tumor presentation intra-operatively�� ��� �����������������   ����� ���������  ��������� ; ��� �����������������   ����� ���������  ��������� B�� �����������������   ����� ���������  ��������� : �����������������   ����� ���������  ��������� Tumor in segment V/VI of the liver with en bloc in the resection specimen the 
gall bladder (black arrow indicates gall bladder)�� ��� �������������������������    ����� ��� ���������������������������������������    ��������������������������������������������      ;�� �� �������������������������    ����� ��� ���������������������������������������    ��������������������������������������������       C�� �������������������������    ����� ��� ���������������������������������������    ��������������������������������������������      :� �������������������������    ����� ��� ���������������������������������������    ��������������������������������������������       Resection plane of the liver�� ��� ���������������������������������������    ��������������������������������������������      ;�� �� ���������������������������������������    ��������������������������������������������       D�� ���������������������������������������    ��������������������������������������������      : ���������������������������������������    ��������������������������������������������      Resection specimen with centrally white/yellow shiny tumor (small white arrow indi-
cates resection plane�������������������������������������     ,������������������������������������      long white arrow indicates tumor). 
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to 123.6 mo[10]. Previous reports suggest an association 
between survival and histopathological subtype of  the 
tumor, based upon analysis of  case reports. Emile et al[16] 
show a significant difference between 1- and 3-year sur-
vival (70% and 57%) for nodular PHL and 1- and 3-year 
survival (38% and 18%) for diffuse PHL (P = 0.0033). 

In conclusion, PHL is rare, occurring often in immu-
noincompetent patients. The presented case of  PHL in 
an immunocompetent patient emphasizes the difficulties 
of  diagnosing PHL and shows that PHL should be in-
cluded in the differential diagnosis of  solid, hypovascular 
liver lesions. Although the primary treatment should be 
chemotherapy, the current consensus not to take pre-
operative biopsies from solitary liver lesions, usually re-
sults in resection followed by chemotherapy as the most 
frequently performed treatment strategy. 
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Abstract
Lipomatous uterine tumors are uncommon benign neo-
plasms, with incidence ranging from 0.03% to 0.2%. 
They can generally be subdivided into two types: pure 
or mixed lipomas. A third group of malignant neoplasm 
has been proposed, which is liposarcoma; however, 
this is very rare. In this article, we report three pa-
tients having lipomatous uterine tumors, including one 
uterine lipoma and two uterine lipoleiomyomas. All 
our patients are postmenopausal women, which is the 
typical presenting age group. They did not have any 
symptoms and the tumors were only found incidentally 
on imaging. However, in some patients, symptoms may 
uncommonly occur. If symptoms occur, these are simi-
lar to those of leiomyoma. We illustrate the imaging 
features of the tumors in our patients with ultrasound, 
computed tomography (CT) scan and magnetic reso-
nance imaging (MRI). The tumor typically appears as 
a well-defined homogenously hyperechoic lesion on 
ultrasound. It shows fat density on CT scan and signal 
intensity of fat on MRI. MRI is the modality of choice 
because of its multiplanar capability and its ability to 
demonstrate fat component of the lesion, as illustrated 
in our cases. We also discuss the importance of differ-

entiating lipomatous uterine tumors from other lesions, 
especially ovarian teratoma which requires surgical 
intervention. Despite the rarity and the common as-
ymptomatic nature of the tumors, we believe that this 
series of three cases demonstrates a review of a rare 
tumor which provides important knowledge for patient 
management. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Lipomatous uterine tumors are rare benign uterine tu-
mors, with only approximately 180 cases reported in the 
literature[1]. Although it is rare, correct diagnosis of  lipo-
matous uterine tumor is important. Differentiation from 
other fat-containing tumors in the female pelvis, such as 
ovarian teratoma, may save a patient from unnecessary 
surgery[2,3]. We would like to present a series of  three 
cases of  these rare uterine tumors and provide a review 
of  the imaging characteristics. 

CASE REPORT 
Case 1
A 79-year-old woman, with past medical history of  diabe-
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Figure 1  Computed tomography, ultrasound and magnetic resonance images of lipomatous uterine tumor in a 79-year-old woman. A and B: Computed to-
mography axial images of the pelvis without contrast (A) and with intravenous contrast (B) show a non-enhancing lesion in left side of the uterine fundus (long arrows); 
C: The density is similar to that of subcutaneous fat. Ultrasound of pelvis in transverse view shows a hyperechoic lesion (2.46 cm × 2.11 cm) in the uterine fundus; D: 
T1-weighted axial MRI image shows a homogeneous hyperintense lesion in left side of uterine fundus; E: The lesion shows complete suppression of signal intensity in 
T1-weighted fat-suppressed sequence, suggestive of fat component; F: No contrast enhancement is seen after intravenous gadolinium is administered. Compression 
of the uterine cavity is clearly demonstrated. Magnetic resonance imaging (MRI) images of the lesion (short arrows) (D-F). 
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tes mellitus, hypertension, presbyacusis, cholecystectomy 
and right Warthin’s tumor which was being conserva-
tively treated, complained of  “on and off ” abdominal 
pain. Mild splenomegaly was detected on ultrasound of  
the abdomen. A computed tomography scan was then 
performed in view of  the splenomegaly. On computed 
tomography (CT) scan, hepatosplenomegaly, colonic polyp 
and a pancreatic tail tumor were found. Moreover, there 
was incidentally a well-defined mass of  fat density (-82 
HU units) arising from the wall of  the uterine fundus 
(Figure 1A and B). The mass lesion showed no significant 
contrast enhancement. Distortion of  the uterine cavity by 
the mass lesion was also noted. Intrauterine lipoma was 
the provisional diagnosis based on the CT findings. 

Transabdominal sonography of  the pelvis was per-
formed and showed a well-defined echogenic lesion in the 
uterine fundus (Figure 1C). A better characterization of  
the tumor was noted on magnetic resonance imaging (MRI) 
(Figure 1D-F). The mass was found to be arising from the 
anterior wall of  uterus. It appeared homogeneously hyper-
intense on T1- and T2-weighted images, with signal inten-
sity similar to that of  peritoneal fat. On fat-saturated im-
ages, complete suppression of  the hyperintense signal of  
the lesion was noted. No contrast enhancing component 
was seen. Compression on the endometrial cavity by the 
mass lesion was also noted. Based on the imaging features, 
the final diagnosis was uterine lipoma. 

The patient was followed up by a gynecologist for the 
uterine lipoma. Since the patient was asymptomatic, no 

surgery or biopsy of  the mass lesion was performed. The 
patient is now being followed up by surgeons in view of  
CT scan findings of  a pancreatic tail tumor and hepa-
tosplenomegaly. The patient is now under conservative 
management for all her conditions. She has not had any 
symptoms during her 2 years of  follow-up. 

Case 2
A 61-year-old female patient, with past history of  chole-
cystectomy, complained of  intermittent abdominal pain 
for 2 years. Upper endoscopy and colonoscopy both show
ed no abnormality. A CT scan of  the abdomen and pelvis 
was performed in view of  chronic abdominal pain. 

On the CT scan, a well-defined lesion of  fat density 
with intralesional septa was incidentally found in the body 
of  the uterus (Figure 2A). No intralesional calcification 
was seen. No other abnormality was noted in the rest of  
the abdomen and pelvis. A transabdominal ultrasound re-
vealed a homogeneously hyperechoic lesion in the uterus. 
(Figure 2B).

MRI was subsequently performed to further charac-
terize the lesion (Figure 2C-F). A well-defined T1 and T2 
hyperintense lesion was seen in the uterine fundus. Intral-
esional septa were seen, which showed contrast enhance-
ment. No solid component was seen in the lesion. The 
final diagnosis was uterine lipoleiomyoma.

The patient prefers conservative management and is 
now under follow up by a gynecologist. She remains as-
ymptomatic 6 mo after the diagnosis.
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Case 3
A 72-year-old female patient, with history of  depression, 
was referred by her general practitioner to a gynecologist 
because of  intermittent abdominal pain. She did not have 
any other symptoms. An ultrasound scan performed in 
China showed an unknown tumor in the pelvis. There-
fore, a transvaginal ultrasound scan was performed and 
this showed a highly hyperechoic lesion over the left side 
of  the pelvis. However, the exact nature could not be de-
termined by the ultrasound at that time. 

A subsequent contrast CT scan of  the abdomen and 
pelvis was performed. It revealed a roundish lesion of  
fat density over the left side of  the uterine body, with no 
intralesional calcification (Figure 3). A small amount of  
soft tissue density was seen inside the lesion (Figure 3). 
No adnexal mass lesion was detected. The lesion was de-
cided to most likely represent a uterine lipoleiomyoma. 

Transvaginal sonography was repeated during follow 
up and showed no growth of  the tumor. The patient is 
now asymptomatic and, as a result, no resection of  the 
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Figure 2  Computed tomography, ultrasound and magnetic resonance images of lipomatous uterine tumor in a 61-year-old woman. A: Computed tomogra-
phy axial image of the pelvis with no contrast shows a hypodense lesion in the uterine fundus with thin internal septa (long arrow); B: Ultrasound in longitudinal view 
reveals a rather homogeneous and hyperechoic lesion (asterisk) in the uterus, just superior to the urinary bladder; C-F: Magnetic resonance imaging (MRI) images of 
the lesion. T1-weighted MRI images in axial plane (C) and in sagittal plane (D) show a T1 hyperintense lesion in the uterine fundus with thin hypointense septa (short 
arrows); E: Suppression of signal is seen in the T1-weighted fat-suppressed sequence, suggestive of fatty component of the lesion; F: Thin enhancing septa are seen 
inside the lesion after gadolinium contrast is administered. 

Figure 3  Computed tomography images of uterine lipoma in a 72-year-old woman. A and B: Axial computed tomography images without contrast (A) and after 
intravenous contrast (B) show a non-enhancing hypodense lesion (long arrows) in left side of the uterine fundus. Small amount of soft tissue density (short arrows) is 
noted inside the lesion; C and D: Coronal (C) and Sagittal (D) reformatted images also reveal the relationship of the lesion with the uterus. 
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tumor has been needed. She now has been followed up 
by a gynecologist for 1 year, with no complaints of  symp-
toms. She is now under conservative management for the 
lipomatous uterine tumor. 

DISCUSSION
Clinical and general
Lipomatous uterine tumors are uncommon benign neo-
plasms, with incidence ranging from 0.03% to 0.2%[1,3-5]. 
They can generally be subdivided into two types: pure or 
mixed lipomas[6,7]. The latter consist of  lipoleiomyoma, 
angiomyolipoma, fibromyolipoma[1]. A third group of  
malignant neoplasm has been proposed, which is lipo-
sarcoma; however, this is very rare[1]. Mixed lipoma con-
tains variable amounts of  fat, fibrous tissue and smooth 
muscle while pure lipoma is composed of  encapsulated 
adipose tissue with thin septa of  fibrous tissue only[6]. 
Most of  the reported cases are of  mixed type and lipo-
leiomyoma is the most common[1,2]. Pure lipoma of  the 
uterus is extremely rare, with only a handful of  cases re-
ported[7]. 

Uterine lipoleiomyoma is typically seen in postmeno-
pausal women, with the majority found in patients be-
tween 50-70 years of  age[1,8,9]. Most of  the patients are 
asymptomatic. On the other hand, the presentation is 
similar to that of  leiomyoma if  there is any symptom[3-5]. 
For example, the patient may complain of  a palpable 
mass, urinary frequency, constipation, pelvic discomfort, 
uterine bleeding or hypermenorrhea. These are related 
to the size and location of  the lesion[3-5,9]. Malignant de-
generation in uterine lipoleiomyoma is extremely rare, 
although it has been reported in the literature[3,9].

The most common location is in the uterine corpus. 
The tumors are usually intramural[3,4,6,7,9]; however, they 
can be found anywhere in the uterus or cervix and can be 
subserosal or submucosal[3,4]. Average size of  the lesion is 
usually between 5 and 10 cm[1,2,8,9]. Concomitant uterine 
leiomyoma is commonly found, although this is not pres-
ent in all patients, including ours[1-3,6,7,9]. 

Pathology
The pathogenesis of  the lesion remains unknown[1,3-5,8,9]. 
Several theories have been proposed, including misplaced 
embryonic fat cells, perivascular extension of  peritoneal 
or retroperitoneal fat, lipocytic differentiation of  primi-
tive connective or mesenchymal tissue, and metaplasia 
of  smooth muscle cells or connective tissue into adipose 
cells[3,4]. The last theory regarding metaplasia is so far the 
most widely accepted underlying mechanism of  uterine 
lipoleiomyoma[3,4]. 

Imaging findings
Ultrasound: On ultrasound, the lesion is echogenic and 
is usually partially encased by a hypoechoic rim[2,3,6,7,9]. The 
hypoechic rim is thought to represent a layer of  myome-
trium surrounding the fatty component[6,7,9]. However, ul-
trasound findings are not specific to the diagnosis[6,7]. The 

sonographics findings of  the tumors in our first and sec-
ond patients were compatible with these characteristics, 
being homogenously echogenic although the hypoechoic 
rim was not seen.

CT: CT findings are more specific since CT scan can 
clearly demonstrate a fat component of  the lesion, which 
appears low in attenuation with Hounsfield units between 
-40 and -100[5,6,9]. A CT scan may also help differentiate 
uterine lipoleiomyoma from pure uterine lipoma. On CT 
scan, uterine lipoleiomyoma is well-circumscribed show-
ing heterogeneous fat density while uterine lipoma dem-
onstrates homogeneous density[8]. Based on this feature, 
uterine lipoma is the most likely diagnosis in our first 
patient. Enhancing septa were found in the CT images of  
our second patient while soft tissue density components 
were noted in our third patient. Therefore, uterine lipo-
leiomyomas were the more likely diagnoses in our second 
and third patients. Although CT is more specific than 
ultrasound, it has it own disadvantages, including inabil-
ity to illustrate detailed uterine anatomy and confusion 
between an adnexal mass and a lesion arising from the 
uterus, particularly exophytic or pedunculated lesions[5]. 

MRI: MRI, with its multiplanar capabilities, is the most 
useful modality in demonstrating the organ of  origin[3,5]. 
MRI is also the best tool for diagnosing a lipomatous 
tumor[6]. On MRI, the fatty component is high in signal 
intensity on both T1- and T2-weighted images[4]. Chemi-
cal shift artifacts along the frequency-encoding axis may 
be seen, which further verify the fatty component[9]. The 
fatty component of  the lesion can also be confirmed by 
fat suppression sequence, which demonstrates decrease 
in signal intensity in fat components of  the lesion[6,7].

MRI enables better tissue characterization than CT[6,7]. 
Septa inside the mass can be seen on T1-weighted im-
ages[6,7]. MRI sometimes shows a peripheral low signal 
intensity rim which corresponds to a thin fibrous pseudo-
capsule. This feature is not demonstrated on CT scan[6,7]. 

MRI can also help differentiate pure lipoma from 
uterine lipoleiomyoma[5,7]. On MRI, pure lipoma shows 
absence of  nonadipose components, the presence of  a 
homogeneous mass with a large amount of  fat and signal 
decrease in the whole mass on fat-saturated images. On 
the other hand, lipoleiomyoma demonstrates heteroge-
neous signal intensity with fat and non-fat soft tissue 
content, and decrease in signal only in part of  the lesion 
on fat-saturated images[7]. In the MR images of  our first 
patient, only signal intensity of  fat was seen, suggestive 
of  pure lipoma in the uterus. Enhancing septa seen in 
our second patient favor uterine lipoleiomyoma. 

The various imaging features of  the tumor in differ-
ent modalities are important to guide the final diagnosis. 
Knowledge of  these is also important to radiologists 
since most of  the tumors are incidental findings on imag-
ing. Although ultrasound and CT scan findings may be 
non-specific, any presence of  the previously mentioned 
imaging features should raise the suspicion of  a lipoma-
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tous uterine tumor. MRI is the modality of  choice for the 
final diagnosis. If  there is any uncertainty despite the use 
of  MRI, combination of  clinical history, physical exami-
nation and all imaging features will probably provide the 
accurate diagnosis in the majority of  cases. 

Management and treatment
There are a number of  differential diagnoses for a fat-
containing tumor in the female pelvis, such as benign cys-
tic ovarian teratoma, malignant degeneration of  a benign 
cystic ovarian teratoma, non-teratomatous lipomatous 
ovarian tumor, benign pelvic lipoma, liposarcoma, extra-
adrenal myelolipoma in pelvis, lipoblastic lymphadenopa-
thy and retroperitoneal cystic hamartoma. Among the 
long list of  differentials, the most common one is benign 
cystic ovarian teratoma, which usually requires surgical 
excision[2]. On the other hand, asymptomatic uterine lipo-
leiomyoma can be managed conservatively because of  its 
benign nature[2]. Therefore, correct diagnosis of  uterine 
lipoma/lipoleiomyoma and differentiation from other 
fat-containing pelvic tumors are important in the patient’
s management and can prevent unnecessary surgery[2,3]. 

In conclusion, we report a case series of  3 rare lipo-
matous uterine tumors. The ultrasound, CT and MRI 
features of  the tumors have been illustrated. MRI with its 
multiplanar capabilities, better tissue characterization and 
the ability to demonstrate fat component by fat-saturated 

sequences is the best modality for diagnosis. With bet-
ter understanding of  the imaging characteristics, we can 
make a correct pre-operative diagnosis, differentiate the 
lesion from other fat-containing tumors in the female 
pelvis and choose the optimal management for patients. 
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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.
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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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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 
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of  this journal.
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Authors: the name of  the first author should be typed in bold-faced 
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initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
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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 
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Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
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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.
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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 
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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 
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Please revise your article according to the comments/suggestions 
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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-
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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.
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