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Abstract

The first issue of World Journal of Radiology (WJR),
whose preparatory work was initiated on August
24, 2009, will be published on December 31, 2009.
The WJR Editorial Board has now been established
and consists of 303 distinguished experts from 38
countries. Our purpose of launching WJR is to publish
peer-reviewed, high-quality articles vi@ an open-access
online publishing model, thereby acting as a platform
for communication between peers and the wider
public, and maximizing the benefits to editorial board
members, authors and readers.

© 2009 Baishideng. All rights reserved.

Key words: Maximization of personal benefits; Editorial
board members; Authors; Readers; Employees; World
Journal of Radiology

Peer reviewers: Feng Chen, MD, PhD, Professor, Department
of Radiology, Zhong Da Hospital, Southeast University, 87 Ding
Jiagiao, Nanjing 210009, Jiangsu Province, China; Kenneth
Coenegrachts, MD, PhD, Department of Radiology, AZ St.-Jan
AV, Ruddershove 10, B-8000 Bruges, Belgium

Ma LS. What is the purpose of launching World Journal of
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INTRODUCTION

I am very pleased to announce that the first issue of
World Journal of Radiology (World | Radiol, WJKR, online
ISSN 1949-8470, DOI: 10.4329), whose preparatory work
was initiated on August 24, 2009, will be published on
December 31, 2009. The WJR Editorial Board has now
been established and consists of 303 distinguished experts
from 38 countries. What is the purpose of launching
WJR? And what is the scope and how are the columns
designed?

The role of academic journals is to exhibit the scientif-
ic levels of a country, a university, a center, a department,
and even a scientist, and build an important bridge for
communication between scientists and the public. As we
all know, the significance of the publication of scientific
articles lies not only in disseminating and communicating
innovative scientific achievements and academic views,
as well as promoting the application of scientific achieve-
ments, but also in formally recognizing the “priority” and
“copytight” of innovative achievements published, as well
as evaluating research performance and academic levels.
To realize these desired attributes of a journal and create
a well-recognized journal, the following four types of
personal benefits should be maximized.

MAXIMIZATION OF PERSONAL BENEFITS

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 othets.

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 vz online

December 31,2009 | Volume 1 | Issuel |



office system to evaluate its innovativeness, scientific
and practical values and determine whether it should be
published or not. During peer review, editorial board
members can also obtain cutting-edge information in
that field at first hand. As leaders in their field, they
have priority to be invited to write articles and publish
commentary articles. We will put peer reviewers’ names
and affiliations along with the article they reviewed in
the journal to acknowledge their contribution.

Maximization of the benefits of authors

Since WJR is an open-access journal, readers around
the world can immediately download and read, free
of charge, high-quality, peer-reviewed articles from
IWJR official website, thereby realizing the goals and
significance of the communication between authors and
peers as well as public reading.

Maximization of the benefits of readers

Readers can read or use, free of charge, high-quality
peer-reviewed articles without any limits, and cite the
arguments, viewpoints, concepts, theories, methods,
results, conclusion or facts and data of pertinent
literature so as to validate the innovativeness, scientific
and practical values of their own research achievements,
thus ensuring that their articles have novel arguments or
viewpoints, solid evidence and cottect conclusion''.

Maximization of the benefits of employees

It is an iron law that a first-class journal is unable to exist
without first-class editors, and only first-class editors
can create a first-class academic journal®. We insist on
strengthening our team cultivation and construction so
that every employee, in an open, fair and transparent
environment, could contribute their wisdom to edit
and publish high-quality articles, thereby realizing the
maximization of the personal benefits of editorial board
members, authors and readers, and yielding the greatest
social and economic benefits.

CONTENTS OF PEER REVIEW

In order to guarantee the quality of articles published in
the journal, IWJR usually invites three experts to comment
on the submitted papers. The contents of peer review
include: (1) whether the contents of the manuscript
are of great importance and novelty; (2) whether the
experiment is complete and described clearly; (3) whether
the discussion and conclusion are justified; (4) whether the
citations of references are necessary and reasonable; and
(5) whether the presentation and use of tables and figures
are correct and complete.

SCOPE
The major task of WJR is to rapidly report the most
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recent improvement in the research of medical imaging
and radiation therapy by the radiologists. W/JR accepts
papers on the following aspects related to radiology:
Diagnostic radiology, radiation oncology, radiologic
physics, neuroradiology, nuclear radiology, pediatric
radiology, vascular/interventional radiology, medical
imaging achieved by various modalities and related
methods analysis. 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)
Editotial: To introduce and comment on the substantial
advance and its importance in the fast-developing
areas; (2) Frontier: To review the most representative
achievements and comment on the current research
status in the important fields, and propose directions for
the future research; (3) Topic Highlight: This column
consists of three formats, including (A) 10 invited
review articles on a hot topic, (B) a commentary on
common issues of this hot topic, and (C) a commentary
on the 10 individual articles; (4) Observation: To update
the development of old and new questions, highlight
unsolved problems, and provide strategies on how to
solve the questions; (5) Guidelines for Basic Research:
To provide Guidelines for basic research; (6) Guidelines
for Clinical Practice: To provide guidelines for clinical
diagnosis and treatment; (7) Review: To systemically
review the most representative progress and unsolved
problems in the major scientific disciplines, comment on
the current research status, and make suggestions on the
future work; (8) Original Articles: To originally report
the innovative and valuable findings in radiology; (9)
Brief Articles: To briefly report the novel and innovative
findings in radiology; (10) Case Report: To report a rare
or typical case; (11) Letters to the Editor: To discuss and
make reply to the contributions published in WJR, or
to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and
comment on quality monographs of radiology; and (13)
Guidelines: To introduce Consensuses and Guidelines
reached by international and national academic
authorities wotldwide on the research in radiology.

REFERENCES
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Abstract

Prostate cancer is a major public health burden through-
out the world. The high incidence of prostate cancer,
combined with earlier detection and downstaging at the
time of diagnosis, and the slow natural progression and
biological heterogeneity of the disease, has made its
management a complex and controversial issue. There
is growing demand for patient-specific therapies that can
minimize treatment morbidity while maximizing treat-
ment benefits. There are a number of clinical param-
eters and clinical nomograms to help with the choice of
treatment. Magnetic resonance imaging (MRI) is a tech-
nique which makes safer, more individualized therapies
possible due to high spatial resolution, superior contrast
resolution, multiplanar capability, and a large field of
view. Other MRI techniques such as MR spectroscopic
imaging, dynamic contrast-enhanced MRI or perfusion
MRI, and diffusion-weighted imaging complement MRI
by reflecting tissue biochemistry, Brownian motion of
water molecules, and capillary wall permeability, respec-
tively. This editorial review highlights the incremental
value of MRI in the advanced management of prostate
cancer to non-invasively improve cancer staging, bio-
logic potential, treatment planning, therapy response,
local recurrence, and to guide target biopsy for clinical
suspected cancer with previous negative biopsy. Finally,
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some future prospects for MRI in prostate cancer man-
agement are given.

© 2009 Baishideng. All rights reserved.
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Wang L. Incremental value of magnetic resonance imaging
in the advanced management of prostate cancer. World J
Radiol 2009; 1(1): 3-14 Available from: URL: http://www.
wjgnet.com/1949-8470/full/v1/i1/3.htm DOI: http://dx.doi.
org/10.4329/wjr.v1.i1.3

INTRODUCTION

Prostate cancer affects men of all races, cultures and
ethnic backgrounds and is a major public health burden
throughout the world" . It is the most common non-
cutaneous cancer and the second/third leading cause of
cancer death in men in the United State and European
Commumty[1’3’4]. Asian/Pacific Islanders have a lower in-
cidence of prostate cancer than either African Americans
ot Caucasians” but the death toll from prostate cancer
mortality in East Asia continues to rise. A wide discrep-
ancy exists between the number of men diagnosed and
those dying from prostate cancer. Prostate cancer is an
age-related disease and the increasing natural life expecta-
tion will result in a further increase of both the incidence
of and the deaths related to prostate cancer'™’,

December 31,2009 | Volume 1 | Issuel |



The high incidence of prostate cancer, combined
with eatlier detection and downstaging at the time of di-
agnosis, and the slow natural progression and biological
heterogeneity of the disease, has made its management
a complex and controversial issue. The National Cancer
Institute’s Surveillance, Epidemiology, and End Results
Program reported that from 1996 to 2004, 91% of
prostate cancer cases were of a local or regional stage at
diagnosis, and patients had a 5-year relative survival rate
of 100% from 1996 to 2004". The 100% 5-year relative
survival rate for all stages indicates that prostate tumors
have a slow growth rate and allow for prolonged survival®,
However, the downstaging resulting from prostatic se-
rum antigen (PSA) screening has been accompanied by
an unfortunate trend of overdetection and overtreat-
ment of biologically indolent (low-grade, clinically insig-
nificant) disease™'". Autopsy studies indicated that the
“overdetected” cancers never impacted patient longevitym].
Primary therapies with curative intent (surgery or radia-
tion) provide excellent long-term cancer control but are
accompanied by a risk of treatment-related morbidity.
Conversely, the understandable appeal of watchful wait-
ing or active surveillance is balanced by the potential
harm of missing a window of curative opportunity for a
cancer destined to progress[s]. One challenge physicians
and patients face is to differentiate men who have disease
destined to progtess and cause morbidity/mortality from
those who will not require immediate, or possibly even
delayed, therapeutic intervention” ",

Depending on patient age at diagnosis, the stage and
aggressiveness of the tumor, the potential side-effects
of the treatment, and patient comorbidity™"”, the op-
tions for treatment may include watchful waiting, andro-
gen ablation (chemical or surgical castration), hormone
therapy, radical surgery, and various forms of radiation
therapy (brachytherapy, external beam irradiation, beam
irradiation)"’
cryotherapy, high-intensity focused ultrasound and ra-
diofrequency ablation is raising clinical interest"". There
is growing demand for patient-specific therapies that can
minimize treatment morbidity while maximizing treat-
ment benefits'”*). An important objective prior to any
cancer therapy is to obtain a comprehensive and accurate

"l In addition, new focal therapies, such as

knowledge of tumor location, size, extent, and biologic
potential. Better tools are needed to help physicians and
patients decide what type of treatment is most appropti-
ate, or whether any treatment is needed at all.

There are a number of clinical parameters and clini-
cal nomograms to help with the choice of treatment'™ >,
To aid in patient counseling, the National Comprehen-
sive Cancer Network guidelines define low risk as a PSA
less than 10 ng/ml., a Gleason score of 6 or lower, and
a T stage of T2a or lower; the guidelines define high risk
as a PSA of more than 20 ng/ml., a Gleason score of 8
or higher, or T2c; intermediate risk is defined as a PSA
of 10 to 20 ng/mL, T2b, or a Gleason score of 7% To

replace somewhat arbitrary combinations of individual
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clinical variables, nomograms have been developed and
used to give a prediction of the final pathologic stage,
the chances of freedom from disease recurrence and an
estimate of biologic potential, and to aid in the choice
of treatment”******* The Partin staging nomogram
(also called the “Partin tables”), which is based on clini-
cal stage, Gleason score, and serum PSA level, was
first published in 1993 and was updated in 1997 and
again in 2001 to predict the pathological stage at radical
prostatectomylzg’wl. Other nomograms, such as Kattan’s
nomograms, have been developed to predict stage, re-
currence, or biologic potential. The nomograms are
graphic representations of a statistical model, with scales
for calculating the prognostic weight of a value for each
individual variable”!. As an important advance in ac-
curate prediction for clinical medicine, the nomograms
allow calculation of the continuous probability of a par-
ticular outcome and tend to outperform both expert cli-
nicians and risk grouping. The nomograms are validated
predictive instruments widely used for individual patient
counseling and important decision-making, Despite the
strong predictive ability and the cost-effectiveness of
the nomograms, there is room for improved accuracy
of prediction, particularly as clinical staging in the no-
mograms is based only on digital rectal examination and
biopsy-determined Gleason grade. Although valuable,
biopsy is subject to sampling error. Moreovet, the nomo-
grams are limited because they do not incorporate the
results of imaging studies that could guide interventions
to control local disease. Thus, a technique that nonin-
vasively demonstrates the presence, extent, and biologic
potential of prostate cancer could contribute incremen-
tal value to clinical nomograms and variables and make a
substantial contribution to the decision-making process
for individualized treatment™*”,

Magnetic resonance imaging (MRI) is a technique
which makes safer, more individualized therapies possi-
ble due to high spatial resolution, superior contrast reso-
lution, multiplanar capability (Figure 1)%**. In the last
decade, MRI has improved significantly with technologic
refinements and increased reader experience. Newer
techniques, such as MR spectroscopic imaging (MRSI)
(Figure 2), dynamic contrast-enhanced MRI (DCE-MRI)
or perfusion MRI (Figure 3), diffusion-weighted imag-
ing (DWI) (Figure 4), high-field strength MRI scanning
(Figures 1 and 5), image post-processing and picture
and communication systems (PACS) provide greater
resources for improved interpretation of MR images
of the prostate by experienced radiologists[”’m]. MRSI
identifies prostate cancer by an increased ratio of cho-
line plus polyamines plus creatine to citrate (Figure 2)*'.
As a result of increased energy metabolism, the citrate
level is reduced in prostate cancer. Owing to a high
phospholipid cell membrane turnover the choline level is
clevated in proliferating malignant tissue. DWI measures
the Brownian motion of water molecules in biologic tis-
sues where increased cellularity and the integrity of cell
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Figure 1 3T magnetic resonance (MR) images of extracapsular extension
(ECE) of prostate cancer in a 65-year-old man with clinical stage T1c
prostate nodule and prostate specific antigen (PSA) level of 10.7 ng/mL
and Gleason grade 4+4 and PT3a. Transverse 3 mm-thick MR (6500/175)
image (A), sagittal 3 mm-thick MR (7000/165) image (B) and coronal 3 mm-
thick MR (7000/170) image (C) show a hypointense tumor (arrows) with
extraprostatic extension in the right apex and mid of the prostate; D: Whole-
mount serial section of the removed prostate shows tumor and ECE involving
the right apex and mid of the prostate.

Figure 2 Prostate cancer in a 65-year-old patient with PSA level of 4.76 ng/mL.
Transverse T2-weighted MR image (WI) (A) and corresponding MR spectroscopic
imaging (MRSI) grid (B) superimposed on the anatomic image show the tumor
(arrow) on the left apex. MRSI demonstrates reduced citrate and elevated choline
in the left peripheral zone tumor (T) and normal spectra in the healthy right
peripheral area. Cho: Choline; Cr: Creatine; Cit: Citrate.
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Figure 3 1.5T MR images of locally recurrent prostate cancer in a
63-year-old man with rising PSA levels after radical prostatectomy.
Transverse 3 mm-thick T2-WI (4000/125) (A) and coronal 3 mm-thick T2-WI
(5300/100) (B) show intermediate SI mass (arrows) to the right posterior aspect
of the bladder neck at the anastomosis; C: Transverse 3 mm-thick T1-WI
(5.5/2.4) shows significant enhancement of the mass (arrow) after intravenous
administration of gadolinium; D: Transverse 3 mm-thick diffusion-weighted
image (DWI) (3500/93, b-value of 1000 s/mm?) shows intense increased signal
(restricted diffusion) throughout the mass (arrow).

membranes restrict water diffusion. The apparent diffu-
sion coefficient (ADC) derived from DWI, has been in
use for detection of prostate cancer. DWI demonstrated
reduced ADC values and increased fractional anisotropy
in prostate cancer. DCE-MRI has been used to visual-
ize tumor perfusion and tumor capillary wall perme-
ability and hydrostatic pressurem]. Vascular endothelial
growth factor has a role in increasing tumor capillary
wall permeability. This review addresses the incremental
value of MRI in the advanced management of prostate
cancer to non-invasively improve cancer staging, bio-
logic potential, treatment planning, therapy response,
local recurrence, and to guide target biopsy for clinically
suspected cancer with previous negative biopsy, and dis-
cusses the future prospects of MRI in prostate cancer
management.

PROSTATE CANCER STAGING

The staging of prostate cancer was based on the TNM
(tumor node metastasis) staging. TNM staging of prostate
cancer has undergone a number of modifications, the
latest ones having been made in 2010 by the American
Joint Committee on Cancer. The 2010 revised TNM
system, shown in Table 1, is clinically useful and precisely
stratifies newly diagnosed cancer™. Most importantly,
clinicians must distinguish between patients with
pathologically organ-confined prostate cancer (OCPC)

(pT2), considered good surgical candidates, and those
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Figure 4 MR depiction of malignant adenopathy from prostate cancer in a 63-year-old man with Gleason score 4 + 5 and PSA level of 24 ng/mL. Transverse
5 mm-thick T1-WI (600/8) (A) and transverse 3 mm-thick T2-WI (5450/118) (B) show intermediate S| bulky adenopathy (arrows) with short-axis dimensions of > 10 mm
is present in left external iliac and obturator distributions; C: Transverse 3 mm-thick DWI (3500/98, b-value of 1000 s/mm?) show intense, increased signal (restricted

diffusion) throughout the mass (arrow).

Figure 5 3T MR images of transitional zone tumor in a 59-year-old man
with PSA level of 7.6 ng/imL and Gleason grade 3 + 4 and PT4. Transverse
T2-WI (A) and transverse diffusion image (B) (b-value of 1000 s/mm?),
exponential apparent diffusion coefficient (ADC) (C) and ADC obtained (D)
show an infiltrating tumor (arrows) in the right transitional zone extending from
base to mid-gland with anterior extraprostatic extension.

with non-organ-confined prostate cancer (pT3-4). If
cancer extends outside the prostate, the chances of cure
are substantially diminished and the surgical or radiation
treatment planning must be adapted to ensure complete
eradication of the cancer™*,

Detection of OCPC (pT2)

A cancer completely confined to the prostate is defined
as pT2. Pretreatment knowledge of OCPC is impot-
tant for treatment selection and planning, regardless
of whether the treatment method ultimately chosen is
watchful waiting, surgery, or radiation therapy. After
radical prostatectomy (RP), patients with OCPC have an
excellent prognosis, as more than 90% of them are free
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from biochemical recurrence at 5 years™. Since the
introduction of the Partin tables in 1997, investigators
have repeatedly validated the nomograms’ capacity to
help predict the pathologic stage of clinically localized
prostate cancer™™. Tn 2001, the nomograms were up-
dated based on a more contemporary cohort of disease
features”™. The accuracy of the Partin tables in predict-
ing OCPC is high, with reports of the area under the re-
ceiver operating characteristic (ROC) curve ranging from
0.79 to 0.82"* MR findings (from endorectal MRI or
combined endorectal MRI-MRSI) contribute significant
incremental value to clinical staging nomograms in the
prediction of OCPC. One study on 612 consecutive
patients demonstrated that MR findings contributed sig-
nificant incremental value (P << 0.02) to the Partin tables
in the overall study population. The contribution of MR
findings was significant in all risk groups but was great-
est in the intermediate- and high-risk groups (P < 0.01
for both). Overall, in the prediction of OCPC, the area
under the ROC curve for the staging nomograms was
0.80, while the area under the ROC curve for the staging
nomograms plus MR findings was 0.88; the difference
was significant (P < 0.01). In the combined endorectal
MRI-MRSI group, the areas under the ROC curves were
0.81 for the staging nomograms and 0.90 for the stag-
ing nomograms plus MR findings; the difference was
significant (P < 0.01). A prospective study of 27 patients
reported MRI had significantly higher standardized ca-
nonical discriminant function coefficients than the Partin

tables in prediction of OCPC.

Detection of extracapsular extension (ECE) (pT3a)

A cancer that extends through the prostatic capsule
into the periprostatic adipose tissue is defined as a pT3a
®I ECE is an important predictor of tumor pro-
gression because it is associated with greater risk of a

tumor

positive surgical margin, recurrence and a decreased
chance of long-term cancer control ™, Awareness of
the presence and likely location of ECE would allow suz-
geons to plan radical prostatectomy more carefully, with
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Evaluation of the (primary) tumor (‘T")
Clinical
TX: can not evaluate primary tumor
TO: no evidence of primary tumor
T1: clinically inapparent tumor neither palpable nor visible by
imaging
T1la: tumor was incidentally found in less than 5% of prostate
tissue resected
T1b: tumor was incidentally found in more than 5% of prostate
tissue resected
T1lc: tumor was found in a needle biopsy performed because of
elevated serum PSA
T2: tumor confined within prostate’
T2a: the tumor is in half or less than half of one of the prostate
gland's 2 lobes
T2b: the tumor is in more than half of one lobe, but not both
T2c: the tumor is in both lobes
T3: the tumor has spread through the prostatic capsule (if it is only
part-way through, it is still T2)
T3a: the tumor has spread through the capsule on one or both sides
T3b: the tumor has invaded one or both seminal vesicles
T4: the tumor has invaded adjacent structures other than seminal
vesicles (e.g. external sphincter, rectum, bladder, levator muscles,
and/or pelvic wall)
Pathologic (pT)
pT2: organ confined
pT2a: unilateral, one-half of one side or less
pT2b: unilateral, involving more than one-half of side but not both
sides
pT2c: bilateral disease
pT3: extraprostatic extension
pT3a: extraprostatic extension or microscopic invasion of bladder
neck
pT3b: seminal vesicles invasion
pT4: Invasion of rectum, levator muscles, and/or pelvic wall
Evaluation of the regional lymph nodes (‘N")
(p)NX: regional lymph nodes were not assessed (sampled)
(p)NO: there has been no spread to the regional lymph nodes
(p)N1: there has been spread to the regional lymph nodes
Evaluation of distant metastasis ("M")
MO: there is no distant metastasis
MI: there is distant metastasis
Mla: the cancer has spread to lymph nodes beyond the regional ones
Mib: the cancer has spread to bone
Mic: the cancer has spread to other sites (regardless of bone
involvement)

"Tumor found in one or both lobes by needle biopsy, but not palpable or
reliably visible by imaging, is classified as T1c; *There is no pathologic T1
classification.

the aim of resecting the cancer completely and minimiz-
ing the risk of damaging surrounding tissues important
to recovery of sexual function”*>**
MRI, the criteria for ECE include a contour deformity
with a step-off or angulated margin; an irregular bulge or

. On endorectal

edge retraction; a breach of the capsule with evidence of
direct tumor extension; obliteration of the recto-pros-
tatic angle; and asymmetry of the neurovascular bundles
(NVBs) (Figures 5 and 6)P*>* A decision analysis
model suggested that preoperative MRI was cost-effec-
tive in patients with a moderate or high risk of ECEF",
A multivatiate analysis of endorectal MRI findings and
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Figure 6 MR images of established ECE of prostate cancer into the
periprostatic fat in a 59-year-old man with PSA level of 21.7 ng/mL and
Gleason grade 4 + 4 and PT3a. Transverse 3 mm-thick MR (5800/108) image
(A) and transverse diffusion image (4000/85. b1000) (B), exponential ADC (C)
and ADC (D) of the prostate mid-gland reveal an infiltrative peripheral zone
tumor (arrows) that extends into the left periprostatic fat.

other preoperative variables (PSA level, clinical stage,
Gleason score, percentage of cancer in biopsy cores, and
perineural invasion) in a study of 344 patients showed
that endorectal MRI findings were significant presurgical
predictors of ECE in patients with prostate cancer, and
added incremental value to clinical variables™. Areas un-
der the ROC curves for 2 models, with and without en-
dorectal MRI findings, were 0.838 and 0.772, respectively
(P = 0.022). Endorectal MRI findings had a larger AUC
than any of the clinical or histologic variables, a high
negative predictive value and a high positive predictive
value (0.743, 83.8% and 74.5%, respectively).

While transaxial planes of section are essential in the
evaluation of ECE, the utility of combining transaxial
and coronal plane images using PACS cross-referencing
to facilitate the diagnosis of ECE was shown in the
study of Wang ef al™. The study investigated 255 con-
secutive patients who underwent endorectal MRI before
radical prostatectomy. In detecting ECE, the 2 radiolo-
gists had higher AUCs using cross-referencing (their
AUC:s increased from 0.66 to 0.87, and from 0.69 to 0.86;
P < 0.001 for both). The weighted kappa was 0.56 with
MRI alone and 0.76 with cross-referencing, indicating
fair to good inter-reader agreement. Sensitivity/specific-
ity for ECE with MRI alone and with cross-referencing,
respectively, were 44%/85% and 68%/95% for reader 1
and 56%/78% and 74%/95 for reader 2.

The addition of MRSI to MRI has been shown to
significantly increase staging accuracy for inexperienced
readers and thus reduce interobserver Variability[58J. In
a study of 344 consecutive patients preprostatectomy
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endorectal MRI findings showed that, overall, endorectal
MRI findings were significant predictors of ECE and
added significant incremental value to clinical variables
when the images were interpreted by genitourinary
radiologists experienced in MRI of the prostate (AUC
0.854 »5 0.760, P = 0.019), but not when they were
interpreted by general body MRI radiologists (AUC
0.813 25 0.788, P = 0.31)"”. In the genitourinary MRI
radiologists” group of patients, the AUC for endorectal
MRI findings (0.833) was superior to that of all other
predictors tested (0.566-0.701). In the general body MRI
radiologists’ group of patients, AUC for endorectal MRI
findings (0.646) was similar to that of the clinical pre-
dictors (0.582-0.793). This suggests that the recent im-
provement in the performance of MRI can be attributed
to increased reader experience as well as to the matura-
tion of MRI technology (e.g. faster imaging sequences,
more powerful gradient coils, and post-processing image
correction), and better understanding of morphological
criteria used to diagnose ECE. A prospective study of
27 patients reported MRI had significantly higher stan-
dardized canonical discriminant function coefficients
than the Partin tables in prediction of ECE™,

Detection of seminal vesicle invasion (SVI) (pT3b)

SVI is defined as the extension of cancer into the mus-
cular layer of the seminal vesicle!. SVT is an important
predictor of tumor progression because it is associated
with increased risks of lymph node metastasis (LNM),
recurrence” " The criteria for SVI on endorectal
MRI include contiguous low-signal-intensity tumor
extension from the base of the gland into the seminal
vesicles; tumor extension along the ejaculatory duct
(non-visualization of the ejaculatory duct); asymmetric
decrease in the signal intensity of the seminal vesicles;
and decreased conspicuity of the seminal vesicle wall
on T2 weighted images[36’64]. Prediction of SVI before
treatment may influence treatment selection in favor of
radiation therapy instead of surgery. Furthermore, while
resection of the seminal vesicles has been a standard
component of radical prostatectomy, it has recently been
suggested that if SVI can be confidently ruled out, the
surgeon may wish to spare the seminal vesicles during
radical prostatectomy to prevent long-term loss of uri-
nary continence!™,

A study investigated 573 patients who underwent
endorectal MRI before surgery for prostate cancer and
had systematic needle biopsy results available for the
base of the prostate[()(ﬂ. The results show that the Kattan
nomogram (based on serum PSA, biopsy Gleason grade,
clinical staging, and systematic needle biopsy cores from
the base of the prostate) plus endorectal MRI (0.87) had
a significantly larger AUC than either endorectal MRI
alone (0.76) or the Kattan nomogram alone (0.80, P <
0.05 for both). These results showed that MRI can add
significant incremental value to clinical variables in the
prediction of SVI. A study of 283 patients reported the
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AUC for T2-weighted imaging plus DW imaging (0.897)
was significantly larger than that for T2-weighted imag-
ing alone (0.779). T2 images combined with DWI shows
significantly more accuracy than T2-weighted imaging
alone in the prediction of SVI, A study of 30 patients
demonstrated significant improvement in the prediction
of SVI for the less experienced readers™. DCE MRI
may depict extracapsular spread and SVI and NVBs
morte clearly and improve the staging performance of
the less experienced readers®. A study of 255 con-
secutive patients demonstrated the use of PACS cross-
referencing, which automatically links axial, coronal and
sagittal section planes, to facilitate noninvasive evaluation
of SVI™. In detecting SVI, the AUCs of 2 radiologists
increased with cross-referencing (from 0.62 to 0.87,
P = 0.007 and from 0.73 to 0.90, P = 0.056 for readers 1
and 2, respectively). Sensitivity/specificity for SVI with
MRI alone and with cross-referencing, respectively, were
38%/81% and 62%/93% for reader 1 and 62%/84%
and 69%/94% for reader 2. PACS cross-referencing
is particularly helpful in displaying the junction of the
seminal vesicles and the central zone of the prostate.
The results showed that PACS cross-referencing signifi-
cantly improves the detection of prostate cancer SVI by
3D MRI.

Detection of LNM

The presence of LNM at the time of prostate cancer di-
agnosis is associated with a high probability of progres-
sion after treatment and a poor prognosism. The risk
of dying of prostate cancer at 10 years is much higher
for patients with positive nodes than for patients with
negative nodes' . Pretreatment knowledge of prostate
cancer LNM is important for patient counseling and
appropriate treatment selection and planning. The PSA
level recommended by the American Urological As-
sociation for identifying patients who are at high risk
for developing LMN is 15 ng/mL. There is, however, a
wide variation in the cut-off values for PSA reported in
the literature™. The conventional criterion for detection
of metastatic lymph nodes on imaging is a short axis
of 8 mm'™”. MRI and computed tomography (CT) have
similar efficacy in detecting lymph node metastases, with
both modalities having low sensitivity. The low sensitiv-
ity of MRI has been attributed mainly to the inability of
cross-sectional imaging to detect metastases in normal-
sized nodes™™. Promising results have been reported
for the use of ultra-small, super-paramagnetic iron oxide
particles as an aid to diagnosing LNM by MRI"™, These
particles are taken up by normal nodal tissue but not by
metastatic tissue, providing tissue contrast within the
lymph node and allowing detection of metastases. The
sensitivity of MRI for LNM may be increased through
use of these compounds, since they appear to permit de-
tection of metastases in normal-sized nodes”™ ™. A study
of 411 consecutive patientsm] showed that MRI was an
independent statistically significant predictor of LNM
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(P = 0.002), with sensitivity and specificity of 27.27%
and 98.46%, respectively, and positive predictive value
and negative predictive value of 50% and 95.99%, re-
spectively. On multivariate analysis, prediction of lymph
node status using the model that included all MRI
variables (ECE, SVI, and LNM) along with the Partin
nomogram results had a significantly greater AUC than
the univariate model that included only MRI LNM find-
ings (AUC = 0.892 »s 0.633, respectively, P < 0.01). The
study data confirmed the high negative predictive value
of MRI for LNM and indicated that a combination of
endorectal and phased-array MRI with the Partin tables
had high accuracy in predicting LNM. As MRI also pro-
vides anatomic information that is helpful in treatment
planning, these findings suggest that MRI, in conjunc-
tion with the Partin tables, may be useful for determin-
ing whether further imaging with lymphotropic super-
paramagnetic nanoparticles is warranted.

PROSTATE CANCER BIOLOGIC
POTENTIAL

Noninvasive assessment of prostate cancer biologic po-
tential for prostate cancer management may provide im-
portant diagnostic information and therefore help stratify
patients for appropriate treatment. The Gleason scoring
system assigns increasing pattern grades as the glands
formed by the prostate epithelial cells become more
pootly differentiated, the margins of the tumor become
more pootly defined, and the degree of stromal invasion
increases” . The Gleason scoring system remains one
of the most powerful prognostic predictors of prostate
cancer nearly 40 years after its initial description. It is en-
dorsed as the primary grading system for prostate cancer
by the World Health Organization, the Armed Forces
Institute of Pathology Fascicle on Prostate Cancer, the
Association of Directors of Anatomic and Surgical Pa-
thology, and the College of American Pathologistsm.
MRI and MRSI may have a role in the evaluation
of tumor aggressiveness, because signal intensity ratios
from T2-weighted MRI and biochemical data from
MRSI correlate with the Gleason grade of prostate
cancer” ™. A study of 455 patients demonstrated that
the signal intensities of prostate cancer on T2w MRI
correlated with Gleason grade obtained from surgical
pathology, with lower tumor-to-muscle ratios being asso-
ciated with higher Gleason grades. A recent study dem-
onstrates that MRI derived parameters (ADC and T2
relaxation time) at 3 Tesla correlate with prostate tumor
cellularity™. A study of 220 patients demonstrated that
both MRI and MRI/MRSI have incremental value in the
clinical models predicting the probability of insignificant

prostate CaﬂCCI’Mll.

TREATMENT PLANNING

The surgeon’s ultimate goal is to excise the cancer com-
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pletely while preserving the nearby normal structures,
thus avoiding positive surgical margins and minimizing
the chances of recurrence and allowing recovery of
physiological function. Impotence (erectile dysfunction)
is one of the possible complications after RP. Impotence
after RP is quantitatively related to the resection of the
NVBs that closely run along 2 sides of the prostate and
control the blood flow to the penis and erections™!
Because the recovery of erectile function and the avoid-
ance of positive surgical margins are important but
competing outcomes, the decision to preserve or resect
a NVB during radical prostatectomy should be based on
the most accurate information concerning the location
and extent of the tumor. As described in a study of 135
patients, information from MRI can assist in pre-surgical
planningml. The areas under the ROC curves were 0.741
for pre-MRI and 0.832 for post-MRI surgical planning
(P < 0.01). MRI findings suggested altering the surgi-
cal plan in 39% of NVBs. In 36 high-risk patients, MRI
findings changed the surgical plan for 78% of NVBs
(the change was found to be appropriate in 93% cases).
A study of 75 consecutive patients demonstrated MRI
findings successfully changed the operative strategy for
NVBs in 44% of patientsm. MRI can help to refine the
surgical plan, to maximize the preservation of peripros-
tatic tissues (important for recovery of urinary and sexu-
al function), and to minimize the risk of positive surgical
margins.

In the radiation treatment planning of localized
prostate cancer, prostate contouring on MR is associated
with less inter-observer variation than on CT™,

THERAPY RESPONSE

Accurate therapy response assessment is essential for
evaluation of either the success or failure of therapy.
Early selection of patients who are most likely to ben-
efit from chemotherapy or radiotherapy may prevent
unnecessary toxicity in non-responding patients. Early
response of prostate carcinoma xenografts to docetaxel
chemotherapy is monitored with diffusion MRI. DWI
MRI can be used as a biomarker for early detection of
prostate cancer xenograft response to docetaxel chemo-
therapy™ and is consistent with the therapeutic response
in patients with metastatic prostate cancer to bone™. In
a multivariate analysis of 67 patients, SVI on MRI and
MRSI prior to external-beam radiation therapy predicted
a worse prognosis"”’. The group demonstrated that the
presence and degree of ECE on MRI significantly pre-
dicted post-treatment metastatic recurrence™. A study
of 36 consecutive patients demonstrated a significantly
greater area under the ROC curve (Az) for combined
T2WI and DWI (Az = 0.879, P < 0.01) as compared to
T2WI (Az = 0.612). A study demonstrated significant
changes in perfusion and extraction coefficient derived
from DCE-MRI in monitoring the response to percu-
taneous intensity-modulated radiotherapy of prostate

[89]
cancer .
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TUMOR RECURRENCE

Accurate identification of the risk of disease recurrence
would also be particularly useful in clinical trials to as-
sure comparability of treatment and control groups or
to identify appropriate candidates for investigational
treatment” ", Patients with a PSA < 1.5 ng/mL after
radical prostatectomy atre best treated by salvage radia-
tion therapy. Patients with local recurrence after external
beam radiation therapy are good candidates for salvage
prostatectomy.

An estimated one third of patients treated with
radical prostatectomy later experience biochemical re-
currence as defined by increases in PSA levels”. The
natural history of biochemical recurrence after radical
prostatectomy can be long but variable. Early identifica-
tion, before detectable PSA is measured, of men likely
to ultimately experience disease progression would be
useful in considering early adjuvant therapym%‘. Clinical
nomograms predicting freedom from biochemical recur-
rence 5 and 10 years after RP are in use™ ™. A study of
610 patients demonstrated MRI was a strong predictor
of biochemical recurrence after RP with hazard ratios of
1.76 and 1.81 in the 5- and 10-year models of clinical no-
mograms, respectively, but did not significantly improve
prognostic value to standard clinical nomograms[gﬂ. A
study of 88 patients demonstrated a Cox model com-
bining all clinical predictors had a C-index of 0.89; the
C-index increased to 0.95 when MRI/MRSI was add-
ed™. In a study of 82 patients, sensitivity of MRI was
95%, and specificity was 100%. A study of 70 patients
at high risk of local recurrence after RP demonstrated
that combined MRSI and DCE-MRI showed a high sen-
sitivity and specificity in identifying local prostate cancer
recurrence in patients with biochemical progression after
RP™. A study of 51 patients concluded that MRI com-
bined with DCE-MRI is an accurate method to identify
local recurrence after radical prostatectomypo].

A study concluded that prostate cancer local recut-
rence after radiation therapy occurs at the site of the pri-
mary tumor"". In a study of 21 patients with biochemi-
cal failure after external beam radiation therapy, 3 or
more suspicious voxels in a hemiprostate demonstrated a
sensitivity and specificity of 89% and 82%, respectively,
for the detection of local recurrence.

TO GUIDE TARGET BIOPSY FOR
CLINICALLY SUSPECTED CANCER IN
PATIENTS WITH NEGATIVE BIOPSY

MRI has been proven to improve tumor detection of
prostate cancer in patients with persistently elevated
PSA levels and repeated negative biopsies, and rule out
cancer'". In a study of 54 patients with elevated PSA
and negative biopsies, MRI had a sensitivity of 83% and
a PPV of 50% for detection of prostate cancet. A study
of 92 patients concluded that for patients with elevated
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PSA and 2 previous negative biopsies, a negative MRI
can rule out cancer and avoid subsequent biopsies' . In
a study of 24 patients, the sensitivity, specificity, positive
and negative predictive values, and the accuracy of MRSI
for prostate cancer detection were 70.6%, 66.7%, 57.1%
and 58.3%, 83.3%"". In a study of 42 patients the sen-
sitivity, specificity, positive and negative predictive values,
and the accuracy of combined MRI/MRSI for prostate
cancer detection were 73.3%, 96.3%, 91.6%, 86.6% and
88%, respectivelywu.

FUTURE PROSPECTS

As 3T MR scanners become more available, body imag-
ing at high field strength and improved coil design is be-
coming the subject of intensive research”™"". Theoreti-
cally, increasing static magnetic field strength, Bo, from
1.5T to 3T will result in a theoretical doubling of the
signal-to-noise ratio (SNR). This in turn can be used to
achieve greater spatial resolution and/or reduce scanning
time. However, chemical shift and susceptibility artifacts
also increase linearly with Bo. Improvements in coil de-
sign include the use of rigid coils with higher signal and
the introduction of a susceptibility-matched agent into
the rectum to reduce distortions relating to the interface
of rectal air and tissue. The following advantages can be
expected from imaging of prostate cancer with higher
field strength and improved coil design: (1) Increased
spatial resolution due to increased SNR may improve
the detection of microscopic ECE; (2) Higher field
strength provide increased spectral and spatial resolution
for MRSI, but new pulse sequences will have to be de-
signed for overcoming field inhomogeneities and citrate
J-modulation issues. Significant improvement in metabo-
lite resolution in MRSI with prostate cancer should be
expected; (3) Faster scanning may help to reduce image
artifacts related to patient motion and rectal peristalsis; (4)
DCE-MRI may achieve increased SNR and faster image
acquisition, with a significantly better trade-off between
temporal and spatial resolution; and (5) With 3T and an
endorectal coil, the voxel size can be reduced to 0.13 mm’
as compared to 1.21 mm’ at 15T, Further investigation
is needed to develop MRI/MRSI/DWI/DCE-MRI crite-
ria on 3T MRI scanners for prostate cancer detection and
staging.

The whole body MRI, one of the advances in MR
techniques, may be more sensitive than the traditional
work-up for identifying bone metastases. In the future
of prostate cancer management, MR-guided prostate
interventions such as MRI-guided focused ultrasound
surgery will result in major changes.

CONCLUSION

In patients with prostate cancer, there is growing
demand for patient-specific therapies that can minimize
treatment morbidity while maximizing treatment
benefits. MRI non-invasively improves cancer staging,
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biologic potential and treatment planning, monitors anti-

tumor therapy and local recurrence, and guides target
biopsy for clinically suspected cancer with previous
negative biopsy. The incorporation of endorectal MR
findings into future nomograms for the prediction of
prostate cancer stage and freedom from biochemical
recurrence is warranted. Advances in technology, such
as MRSI, DWI, DCE-MRI, high field strength MRI
scanner, and whole body MRI, and in the expertise of
radiologists dedicated to the genitourinary field, suggests
that MRI can play an increasingly useful role in prostate
cancer management.
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Abstract

Contrast-enhanced ultrasound (CEUS) is a major
breakthrough for ultrasound imaging in recent years. By
using a microbubble contrast agent and contrast-specific
imaging software, CEUS is able to depict the micro-
and macro-circulation of the targeted organ, which
in turn leads to improved performance in diagnosis.
Due to the special dual blood supply system in the
liver, CEUS is particularly suitable for liver imaging.
It is evident that CEUS facilitates improvement for
characterization of focal liver lesions (FLLs), detection
of liver malighancy, guidance for interventional
procedures, and evaluation of treatment response after
local therapies. CEUS has been demonstrated to be
equal to contrast-enhanced computed tomography or
magnetic resonance imaging for the characterization
of FLLs. In addition, the applicability of CEUS has
expanded to non-liver structures such as gallbladder,
bile duct, pancreas, kidney, spleen, breast, thyroid, and
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prostate. The usefulness of CEUS in these applications
is confirmed by extensive literature production. Novel
applications include detecting bleeding sites and
hematomas in patients with abdominal trauma, guiding
percutaneous injection therapy and therefore achieving
the goal of using interventional ultrasonography in
managing splenic trauma, assessing the activity of
Crohn’s disease, and detecting suspected endoleaks
after endovascular abdominal aneurysm repair.
Contrast-enhanced intraoperative ultrasound (US) and
intracavitary use of CEUS have been developed and
clinically studied. The potential use of CEUS involves
sentinel lymph node detection, drug or gene delivery,
and molecular imaging. In conclusion, the advent of
CEUS has greatly enhanced the usefulness of US and
even changed the status of US in clinical practice. The
application of CEUS in the clinic is continuously evolving
and it is expected that its use will be expanded further
in the future.

© 2009 Baishideng. All rights reserved.
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INTRODUCTION

Ultrasound (US) is one of the most widely used imaging
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modalities in the clinic, largely owing to its characteristics
such as real-time scanning, no radiation, easy performance,
and cost-effectiveness. With the improvement of related
technologies, US not only provides high-resolution
sectional anatomic images, but also provides detailed
blood flow information within the region of interest
(ROI), which leads to wide applicability of US in vatious
fields. However, when compared with other tomographic
modalities such as computed tomography (CT) or
magnetic resonance imaging (MRI), conventional US
has been generally regarded to be inferior since it has
low ability to depict the microcirculation within the ROL
This is especially true for tumor imaging because the
information on microcirculation is essential for imaging
diagnosis. Therefore, in the clinic, most patients have
to be referred to CT or MRI examination for further
confirmation.

The beginning of the new millennium has witnessed
a revolutionary evolution of US. Contrast-enhanced
US (CEUS), which not only improves the diagnostic
performance in numerous pathological conditions, but
has also, changed the status of US in some fields. CEUS
consists of two basic elements, one is the ultrasound
contrast agent (UCA), and the other is contrast-specific
imaging technique. The first generation of UCAs
such as agitated saline, hydrogen peroxide, air, and
carbon dioxide can not pass through the pulmonary
circulation, thus only achieve right heart imaging.
The second generation of UCAs is stabilized with
different substances, the surface of which is made of
phospholipid, albumin, or polymers. The mean diameter
of the second generation of UCAs is less than 8 um
which guarantees that the UCA can pass through the
pulmonary circulation and reach various organs. Second
generation UCAs also have prolonged longevity due
to their lower solubility in water and have a strong
harmonic response.

An UCA in the circulation interacts with the US
beam depending on the energy of insonation. At low
acoustic powers (low mechanical index), the bubbles
reflect US and increase the echoes. As the acoustic power
increases, the bubbles develop nonlinear resonance,
resulting in the generation of harmonic signals. At
higher powers, bubble destruction occurs, producing a
strong but transient effect that may be seen as an intense
signal. Most of the contrast specific techniques such
as pulse and phase inversion discriminate between the
nonlinear harmonic response from microbubbles and
the response from tissue, thus allowing detection of the
signal of microbubbles in a gray-scale image. High MI
technologies allow intermittent scanning of the lesion
during the various phases of contrast enhancement.
Conversely, the contrast-specific imaging technique
operates under low MI (i.e. less than 0.2), thus the UCA
in the acoustic field would not be destroyed and the
scanning fashion is continuous. These nondestructive
techniques require administration of second-generation
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UCAs which are able to reflect the US beam at low
acoustic power.

In the CEUS procedure, firstly the UCA is admin-
istered through the peripheral veins, and then the ROI
is exposed to an acoustic field. When the UCA micro-
bubbles arrive in the ROI, the UCA in the micro- and
macro-circulation will interact with the acoustic wave
and nonlinear signals will be generated, whereas no or
few nonlinear signals are generated from the tissues.
Thus an improved signal-to-noise ratio is achieved, and
UCA can be used as a tracer to depict the micro- and

. . 1,2
macro-circulation,

CEUS FOR LIVER USE

CEUS is particularly suitable for liver imaging, which
is largely due to the fact that the liver has a dual blood
supply system”. The UCAs in the hepatic artery are
firstly visualized, followed by those in the portal vein.
Hence, the CEUS process is always divided into the
arterial phase (< 30 s from the injection of UCA),
portal phase (31-121 s), and late phase (> 120 s). The
enhancement extent of lesions is divided into hyper-,
iso-, hypo-, and non-enhancement compared with the

. . . 4
adjacent liver tissue i,

Characterization

On CEUS, hyperenhancement in the arterial phase and
subsequent washout to hypoenhancement often indicates
malignancy, and sustained enhancement in the portal
or late phase always indicates benignity. This algorithm
has been endorsed by the 2008 European Guideline for
CEUS"™. Xu ¢ a/” compared the diagnostic capability
of CEUS with baseline US (BUS) in 200 patients with
small focal liver lesions (FLLs) (equal or less than 3 cm).
The sensitivity, negative predictive value, and accuracy
of BUS and CEUS in differentiating between malignant
and benign FLLs were 59.6%-71.1% »s 89.5%-93.9%,
63.2%-69.2% vs 87.4%-91.8% and 73.5%-77.5% vs
92.5%, respectively (all P < 0.001). A better interobserver
agreement was achieved using CEUS (k = 0.425 with
BUS »s k = 0.716 with CEUS). Similar results were
found by other investigatorsm’ﬂ.

Besides making the distinction between malignancy
and benignity, many FLLs have special enhancement
patterns on CEUS, which allow precise lesion type
diagnosis for most FLLs. For example, homogeneous
or heterogeneous hyperenhancement during the
arterial phase and washout in late phase are clues for
hepatocellular carcinoma (HCC), and peripheral rim-
like hyperenhancement and subsequent washout (or
even a “black hole” sign) often indicates metastatic liver
cancer. The typical findings of hemangioma in CEUS
are peripheral nodular hyperenhancement, centripetal
fill in, and sustained enhancement in late phase. The
sensitivity and specificity are as high as 96% and 98%,
respectively in diagnosing hemangioma. The findings
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of focal nodular hyperplasia, the second most common
FLL, in CEUS are rapid arterial hyperenhancement
with centrifugal radiating or “spoke-wheel” pattern, and
sustained hyper- or iso-enhancement in late phase. These
specific findings on CEUS greatly improved the ability
to determine the nature of the lesions. This is especially
clinically relevant in benign lesions or incidental lesions
as more expensive examinations such as CT or MRI can
be avoided .

CEUS has the potential to differentiate some FLLs
such as HCC. It was suggested that well-differentiated
HCC tends to show isoenhancement during portal or
late phase and moderately- or pootly-differentiated HCC
tends to show hypoenhancement. The former also washes
out more quickly in enhancement extent in comparison
with the latter on CEUS". CEUS may also be used
to evaluate the multi-step carcinogenesis of HCC by
evaluating the change in intranodular hemodynamics,
which is helpful in detecting premalignant lesions or HCC
at an early stagem. When compared with CT or MRI,
many studies have proven that CEUS is able to achieve
the same or even higher characterization of FLLs " This
is reasonable when considering that CEUS can document
the continuous change in intralesional hemodynamics
and UCA is a real blood pool agent so that it is suitable
for depicting the microcirculation that is essential for

diagnosis.

Detection

Conventional US is less accurate in detecting and staging
FLLs than CT, MRI, and intraoperative US. The main
reasons for this are that conventional US has decreased
ability to visualize small lesions (often less than 1 cm),
isoechoic lesions (generally found in small lesions),
lesions in coarse livers and lesions located in difficult
anatomic areas (e.g. near the diaphragmatic dome).

Most malignant FLLLs show hypoenhancement in
portal or late phase, which facilitates the detection of
small lesions since sufficient contrast between the lesion
and the liver is achieved. As a result, many publications
have proven that CEUS improves the detection of small
lesions with conventional US, and some studies even
suggest CEUS is superior to CT in the detection of
192 \When considering the balance between
lesion size and location, the overall performance in
detection for both CEUS and CT is comparable. The use
of the newly launched UCA, Sonazoid further increases
the ability of CEUS in FLL detection. Sonazoid allows
vascular imaging and Kupffer imaging, and is extremely
stable and tolerable for multiple scanning at least up
to 60 min in the post-vascular phase, and may further
improve the detection rate of HCC with CEUS"™".
CEUS with Sonazoid detected liver malignancy as
defects on the sinusoidal phase with a high sensitivity
of 95%, specificity of 93%, positive predictive value
of 99%, and negative predictive value of 97%. The
improved performance makes CEUS a suitable modality

small lesions

1494

Jgn?s:iﬁm"* WJR | www.wjgnet.com

17

Xu HX. CEUS: The evolving applications

for surveillance in patients at high risk for HCC, patients
with previous known malignancy, or patients in follow-
up after treatment for cancet.

Guidance

Conventional US is the most widely used modality for
guidance of tumor biopsy or ablation therapy. However,
its role is limited when the target lesion is isoechoic or
when the lesion shows infiltrative character and has no
definite margin. In patients with liver cancer who have
residual tumor after ablation therapy or transarterial
chemoembolization (TACE), conventional US has low
ability to detect viable tumor when a repeat ablation
therapy is scheduled. Under such circumstances, CEUS
can be applied for guidance. CEUS may detect more
small foci which are invisible on conventional US or
CT, thus is useful for patient selection before ablation
therapy. CEUS can determine the tumor size and
margin more accurately, which might be larger than
that depicted by conventional US. Thus, it is helpful for
treatment planning or even for excluding some patients
not suitable for ablation. Under CEUS guidance, the
residual tumor can be well delineated and targeted by
recognizing the hyperenhancing area within or adjacent
to the treatment zone during the arterial phase or

hypoenhancing area during late phaselzzj.

Treatment response evaluation
Local treatment therapies, mainly TACE and ablation,
have been accepted as curative options for early HCC.
Recently, anti-angiogenesis methods have also been
introduced into the clinic to treat advanced HCC.
In these therapies, the tumor is not eradicated, but
is devascularized or coagulated. Therefore, it is of
paramount importance to evaluate the local treatment
response and detect possible viable tumor. Previously,
contrast-enhanced CT or MRI has been regarded as
the gold standard for treatment response evaluation.
Recently, a prospective multi-center study in China
has proven that CEUS has the same ability to evaluate
treatment response as CT or MRI, thus CEUS can be
used as an alternative to CT or MRI for this purpose™™
Liver CEUS improves depiction of intralesional
vascularity and perfusion in FLLs, which always leads to
a high contrast between the lesion and the surrounding
tissue, especially when the lesion is hypervascular or
hypovascular or when the lesion shows washout in late
phase, thus it is suitable for three-dimensional US (3DUS).
Three-dimensional CEUS (3D-CEUS) combines the
advantages of 3DUS and CEUS™. Xu ef af™ investigated
the potential usefulness of 3D-CEUS in evaluating the
treatment response in liver cancer after local therapies.
3D-CEUS did not change the diagnosis in any patient
compared with 2D-CEUS. However, 3D-CEUS changed
the management in 2.8% of lesions, increased confidence
but made no change in diagnosis in 79.5% of lesions,
added some information but did not change management

December 31,2009 | Volume1 | Issuel |



or diagnosis in 14.0%, and made no change in 3.7%,
respectively. The authors concluded that 3D-CEUS
enhanced the diagnostic confidence in the majority of
the patients and even changed the management in some
patients. 3D-CEUS has potential usefulness in evaluating
treatment response in liver cancer after local therapies.
The role of CEUS in evaluating tumor response to
anti-angiogenic therapies has promising potential. Clinical
trials have shown that CEUS can be used to assess the
anticancer efficacy of anti-angiogenic treatment, for
which conventional efficacy criteria based on tumor
size measurement are unsuitable. Reduction in tumor
vascularization can easily be detected in responders after
1-2 wk and is correlated with progression-free survival
and overall survival. More sophisticated methods use
quantitative approaches to measure the amount and
the time course of bolus or reperfusion curves and
have shown great promise in revealing effective tumor
response to anti-angiogenic drugs in humans before

. 26-28]
tumor shrinkage occurs™ ",

CEUS FOR NON-LIVER USE

The advent of CEUS not only enhances the use of US
in the liver for tumor diagnosis, guidance and follow-
upmm, but also provides solutions in many non-liver

organs, including the gallbladder, bile duct, pancreas, and
kidney.

Gallbladder

Conventional US is the first-line imaging investigation
for the diagnosis of gallbladder diseases, but has diffi-
culty in determining the nature of the gallbladder lesions
in some cases, especially in differentiating chronic chole-
cystitis with thickened wall from gallbladder carcinoma
with thickened wall or differentiating motionless sludge
from gallbladder cancer. Xie ez a/*” found that hyperen-
hancement or isoenhancement in the early phase and
then fading out to hypoenhancement within 35 s after
contrast agent administration was found in 90.9% of
carcinomas and 17.0% of benign lesions. Destruction of
the intactness of the gallbladder wall, that was, the inter-
nal or the outer wall of the gallbladder was discontinu-
ous on CEUS, and was not found in benign diseases, but
was present in 84.8% of carcinomas. They summarized
that washout of contrast agent within 35 s after injection
and destruction of gallbladder wall intactness on CEUS
is highly suggestive of gallbladder malignancy. CEUS is
particularly useful in differentiating gallbladder carcino-
mas and motionless biliary sludge or chronic cholecysti-
tis with thickened gallbladder wall.

Bile duct

The use of CEUS has extended to the bile duct in recent
years and promising results have been achieved. CEUS
is especially useful in the diagnosis of malignancy of the
bile duct, including intrahepatic, hilar, and extrahepatic
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bile ducts. Intrahepatic cholangiocarcinoma (ICC) is a
malignant epithelial tumor that originates at the second
branch (segmental branch) or the proximal branch of
the intrahepatic bile ducts and is the second most com-
mon primary malignant tumor in the liver. Xu e al™
summarized the CEUS findings of ICC, and Chen e7 al™
compared the enhancement patterns of ICC between
CEUS and contrast-enhanced CT. They found that
during the arterial phases, four enhancement patterns
were present on CEUS, which were: (1) peripheral ir-
regular rim-like hyperenhancement (47.5%), (2) diffuse
heterogeneous hyperenhancement (22.5%), (3) diffuse
homogeneous hyperenhancement (12.5%), and (4) dif-
fuse heterogeneous hypoenhancement (17.5%). When
compared with CT, the enhancement patterns of ICC
on CEUS were consistent with those on CECT in the
arterial phase, whereas in the portal phase, ICC faded
out more obviously on CEUS than on CECT. CEUS
had the same accuracy as CECT in diagnosing ICCs, and
so can be used as a new modality for the characterization
of ICC. Although BUS has a low ability in differentiat-
ing ICC and HCC, Chen et al” found that CEUS greatly
improved the diagnostic performance in this respect.

The primary investigation for suspected hilar bile
duct cancer (i.e. Klatskin tumor) is a transabdominal US
examination, which is highly sensitive for confirming
biliary duct dilatation, localizing the site of obstruction
and excluding gallstones. However, it has a limited
role in determining the nature of the obstruction and
defining the extent of tumor involvement since the
lesion is always isoechoic to surrounding liver and the
infiltrative nature of the lesion. Xu ef /™ compared the
enhancement pattern of Klatskin tumor between CEUS
and CECT. They found that the enhancement pattern
of hilar cholangiocarcinoma on CEUS was similar to
that on CECT in the arterial phase, whereas in the portal
phase, hilar cholangiocarcinoma is more likely to show
hypoenhancement on CEUS. CEUS and CECT lead to
similar results in the evaluation of portal vein infiltration
and the diagnosis of this entity. Therefore, CEUS has
potential as a tool for the characterization of Klatskin
tumots.

The use of CEUS in the extrahepatic bile duct
has also been explored. Xu 7 al™ reported a case of
villous adenoma in the extrahepatic bile duct that was
successfully diagnosed with CEUS. However, more
data are needed on the use of CEUS in this aspect.
Theoretically, CEUS may be valuable in distinguishing
between tumor and debris or stone without obvious
acoustic shadowing.

Pancreas

The study of the pancreas is a new and promising appli-
cation of CEUS. CEUS can be used to improve delinea-
tion of pancreatic lesions compared with conventional
US, and to characterize lesions already visible on US.
Ductal adenocarcinoma is the most frequent malignancy
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in the pancreas. At CEUS, adenocarcinomas are often
hypovascularized as compared to the surrounding tis-
sue. Focal pancreatitis has been reported to have similar
enhancement extent and pattern with the surrounding
pancreas. Contrast quantification software supplements a
subjective visual assessment with objective criteria to fa-
cilitate the differential diagnosis of focal lesions in pan-
creatic cancer and chronic pancreatitis™. On the other
hand, neuroendocrine tumors are hypervascularized
lesions. Masses associated with pancreatitis have a dif-
ferent vascularization pattern depending on the degree
of inflammation and necrosis. Cystadenomas frequently
show many vessels along fibrotic strands. Pseudocysts,
the most common cystic lesions of the pancreas, are
non-vascularized™ . In the recently launched guideline
and good clinical practice recommendation for CEUS,
CEUS of the pancreas has been recommended in the
following indications: exact dimension depiction and
margin depiction of pancreatic lesions and their rela-
tionship with adjacent vessels; chatracterization of focal
pancreatic lesions (especially ductal adenocarcinoma,
neuroendocrine tumor and focal pancreatitis); differen-
tial diagnosis between pseudo cysts and cystic pancreatic
tumors; and differentiation of the vascular (solid) or
avascular (liquid/necrotic) components of the lesion'”.
CEUS may also be useful in determining treatment ef-
ficacy and outcome after chemotherapy™'.

Kidney
Conventional US has been widely used in many centers
as the first promising imaging modality for measuring
the size of the kidney, confirming or ruling out focal
lesions, depicting blood flow perfusion, evaluating the
status of transplanted kidneys, and even detecting renal
artery stenosis. However, the acoustic properties of
conventional US are sometimes not enough to make a
distinction between benign and malignant lesions or to
evaluate blood flow perfusion. Therefore, significant
attention has been paid to CEUS of the kidney™. Up to
now there have been no reported side effects of contrast
agent in the kidney; therefore CEUS is applicable in
patients with impaired kidney function or ureteric
obstruction which may be contraindications for contrast-
enhanced CT or MRIL

CEUS is valuable in distinguishing pseudotumors due
to developmental anomaly and neoplasm. The former
shows isoenhancement during all phases in relation to
the surrounding parenchyma, whereas the latter may
show different enhancement patterns compared with
normal tissue. The role of CEUS in the characterization
of focal renal lesions is equivocal. Some authors think
there are no reliable criteria to differentiate benign and
malignant focal renal lesions, whereas other authors have
the opposite opinion. Xu ez a/*! believed that hyper-
or iso-enhancement during the early phase, subsequent
washout in late phase, inhomogeneous enhancement,
and perilesional rim-like enhancement are clues for renal
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cell carcinomas (RCCs), which might be useful for the
charactetization of RCCs. Complex cysts of the kidney,
which ate characterized by a thickened or irregular wall,
calcifications, septa or solid components, especially those
classified as type 2F, 3 or 4 according to the Bosniak
classification, are probably the best indication for renal
CEUS. CEUS helps to depict blood flow perfusion
within the wall, septa and solid components, thus is
useful for the characterization of lesions in which CT or
MRI studies are inconclusive or contraindicated.

CEUS is also valuable in evaluating complications
after kidney transplantation. CEUS may help to diagnose
vascular stenosis or thrombosis, focal infarction,
shunts and hematomas with great confidence. CEUS
is also useful in evaluating microvascular renal allograft
perfusion™”

Spleen

CEUS has been used for the characterization of focal
splenic lesions. On CEUS, benign lesions appeared
predominately non- or isoenhancing relative to splenic
parenchyma. The combination of contrast enhancement
in the early phase followed by rapid wash-out and
demarcation of the lesion without contrast enhancement
in the parenchymal phase (60 s after injection) was
typical for malignant lesions™. For correct diagnosis
of benignancy or malignancy, the overall accuracy was
43%-74% before CEUS vs 81%-92% after CEUS™.
CEUS improves the characterization of focal splenic
lesions with and without the availability of clinical data.

Breast

US has played a key role in the evaluation of breast
lesions in clinical settings. Liu ef al™” evaluated the
usefulness of CEUS using the microvascular imaging
technique in the diagnosis of breast lesions. The authors
found that non-enhancement was suggestive of benignity,
with a sensitivity of 18.3%, specificity of 97.7%,
positive predictive value of 91.7%, negative predictive
value of 46.2%, and accuracy of 51.5%. The peripheral
enhancement pattern was suggestive of malignancy,
with a sensitivity of 39.5%, specificity of 98.3%, positive
predictive value of 94.4%, negative predictive value of
09.4%, and accuracy of 73.8%. An accurate assessment
of tumor size is necessary when selecting patients for
breast-conserving surgery. Underestimation of tumor
size may result in incomplete excisions, leading to re-
excisions or higher local recurrence rates. Jiang ez a/*
found that tumor size increase on CEUS compared
with conventional US existed in some breast cancers
and analyzed the correlation with pathology. However,
it is difficult to predict whether the size of the breast
cancer measured increases at CEUS based on the margin
characteristics shown on conventional US.

Thyroid
The role of CEUS in the thyroid is controversial.
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Carraro et al”” calculated the percentage of intranodular
contrast agent with the use of 3D-CEUS. They
confirmed that malignant nodules had a higher internal
vasculature (52.3% * 15.7%) than benign nodules (14.3%
1+ 5.3%) and believed this methodology could be useful
in improving nodule differentiation in thyroid US exams.
On the other hand, Bartolotta ¢ «/" found there was
no obvious difference between malignant and benign
thyroid nodules and concluded that overlapping findings
seem to limit the potential of this technique in the
characterization of thyroid nodules.

Prostate

Prostate cancer has increased continuously in recent years.
Tang et al® assessed the value of contrast-enhanced
gray-scale transrectal US (CETRUS) in predicting the
nature of peripheral zone hypoechoic lesions of the
prostate. They found that malignant hypoechoic nodules
in the peripheral zone of the prostate are more likely to
enhance early and more intensely on CETRUS. A non-
enhanced hypoechoic peripheral zone lesion is more
likely to be benign.

NOVEL APPLICATIONS

Blunt abdominal trauma

Since UCA can be used as a tracer of blood flow,
CEUS is able to detect bleeding sites and hematomas
in patients with abdominal trauma’ . During 5 years of
experience in using CEUS to identify traumatic abdomi-
nal lesions, the sensitivity, specificity and positive and
negative predictive values of US were 70.2%, 59.2%,
74.7% and 53.7%, respectively, whereas those of CEUS
were 96.4%, 98%, 98.8% and 94.1%, respectively. The
technique is able to detect active bleeding and vascular
lesions, avoids exposure to ionizing radiation and is
useful for monitoring patients undergoing conservative
treatment!™.

CEUS can also be used to guide percutaneous
injection therapy and therefore achieve the goal of using
interventional ultrasonography in managing splenic
trauma. In a study by Tang ez al™ six patients with
grade 3 or 4 splenic injuries as determined by CEUS and
CECT were given hemocoagulase atrox and absorbable
cyanoacrylate percutancously, which were injected into
the injured region and active bleeding site, respectively,
under CEUS guidance. Among the 6 patients, 4 cases
of CEUS-guided hemostatic injection were successful
without complications. Re-hemorrhage occurred in 1
patient, and a traumatic arteriovenous fistula occurred
in the other patient; repeated injection therapy in these
2 patients was effective. During the follow-up, there
were no complications, and spleen perfusion recovered

gradually.

Crohn’s disease
CEUS provides a new method to assess the activity of
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Crohn’s disease”™. Mural contrast enhancement shown
on CEUS in patients with active disease at endoscopy
was markedly increased in comparison with enhancement
in patients with inactive disease. Multivariate logistic
regression analysis revealed that an increase in wall
brightness was a significant and independent variable
predictive of severity grade at endoscopy. Quantitative
measurements of bowel enhancement obtained by
using CEUS correlate with severity grade determined at
endoscopy. Thus CEUS could be a useful technique to
monitor the activity of Crohn’s disease’™

Detecting suspected endoleaks after endovascular
abdominal aneurysm repair

CEUS is able to depict endoleaks accurately after
endovascular abdominal aneurysm repair and stent-graft
procedure in dissected and ulcerated aorta. It seems
to be superior in characterizing the type of endoleak
and can be established in order to reduce iodized
contrast agent and radiation exposure in follow-up. In
a series of 30 patients, 21 endoleaks were identified
by CT angiography (CTA) and 22 by CEUS. Thus, the
sensitivity of CEUS was 99% and its specificity was
85%"". In contrast to CTA, CEUS can be offered to
patients with chronic renal insufficiency and allows a
dynamic examination and a perfusion analysis.

Contrast-enhanced intraoperative US (CE-IOUS)

The clinical value of CE-IOUS as a novel tool in the
hepatic staging of patients undergoing liver resection
has been assessed. In a series of 60 patients scheduled
to undergo liver resection for metastatic disease, 3
patients were excluded due to disseminated disease on
exploration by CE-IOUS. CE-IOUS was more sensitive
than CT/MR and IOUS in detecting liver metastases
(96.1% vs 76.7% and 81.5%, respectively); it altered
surgical management in 29.8% of cases due to additional
metastases, fewer metastases, benign lesions wrongly
diagnosed as metastasis on IOUS/CT, or vascular
proximity. CE-IOUS altered combined IOUS/CT/MR
staging in 35.1% of cases. These preliminary results
suggest that CE-IOUS is an essential tool prior to liver
tesection for metastases’

CE-IOUS was also used in neurosurgery. Malignant
brain tumors might not be completely removed in
surgery because there is no definite border between the
tumor and normal brain tissue. He ef a/” investigated
the feasibility and value of CE-IOUS in neurosurgery.
Their results showed that the tumor border was more
distinguishable from normal brain tissue on CEUS than
on conventional US. In addition, intraoperative CEUS
could improve the definition of residual tumor during
surgery.

Gynecological use

Zhou et a/*” used CEUS to evaluate response to high
intensity focused ultrasound ablation of uterine fibroids,
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using CEMRI as the standard of reference. The diagnostic
accuracy of CEUS was 100%.

Intracavitary use of CEUS

Besides intravascular use, CEUS is increasingly used for
intracavitary purposes. CEUS is used for the diagnosis
of vesicoureteric reflux after intravesical instillation.
It is especially suitable for children since it can reduce
possible ionizing radiation in association with voiding
Cystourethrography[m]. CEUS is also used to evaluate
tubal patency in patients with primary or secondary
infertility[()zj.

In percutaneous drainage procedures, CEUS allows
visualization of the location of the drainage duct following
intraductal injection. Thus CEUS can be used to determine
whether the drainage duct position is appropriate or
not, obstructed or not, and can even depict the shape of
the biliary tree in percutaneous transhepatic cholangial
drainage’®. CEUS is also useful in the diagnosis of biliary
leakage following T-tube removal™.

POTENTIAL USE

Sentinel lymph node (SLN) detection
Lymphosonography, or CEUS-guided SLN detection,
as a technique for demonstrating lymphatic drainage,
has been introduced in some experimental studies. In
this procedure, transcutaneous injection of an UCA
is performed and CEUS is used to identify draining
lymphatic channels and SLNs. This use of CEUS is
technically feasible, as was demonstrated by various
studies'®*”.

Drug or gene delivery

The microbubble contrast agent interacts with the acoustic
wave in the acoustic field. The contrast agent itself will
serve as a cavitation nucleus and lower the threshold
level for cavitation'™. In an experimental study, Nie
et al® found that compared with the group treated by US
alone, KDR-tk gene therapy treated by US combined with
SonoVue inhibited tumor growth and increased survival
time of Hepal-6 tumor-bearing mice. It was concluded
that gene therapy mediated by US exposure enhanced by a
microbubble contrast agent may become a new treatment
option for HCC. Based on the same principle, UCA
was used for drug delivery or in the treatment of acute
intravascular thrombi™™".,

Molecular imaging

Techniques for noninvasive imaging of specific disease-
related molecular changes are being developed to en-
hance diagnosis and therapeutic decision-making. Mo-
lecular imaging with CEUS relies on the detection of the
acoustic signal produced by microbubble or nanoparticle
agents that are targeted to the sites of disease. The
potential use of CEUS-based molecular imaging in ath-
erosclerosis, post-ischemic inflammation, angiogenesis,
transplant rejection and thrombus formation have been
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investigated, and is undoubtedly an important develop-
ment trend” ",

CONCLUSION

The role of CEUS in liver imaging is accepted in many
clinical settings, such as in the characterization of FLLs,
detection of FLLs, treatment response evaluation after
local therapy, guidance in interventional procedures for
invisible or suboptimal lesions on BUS. Most gallbladder
diseases can be correctly diagnosed by conventional US,
whereas CEUS is useful in differentiating gallbladder
carcinomas and motionless biliary sludge or chronic
cholecystitis with thickened gallbladder wall. CEUS also
can be used to differentiate between ICC and HCC,
and is useful in demarcating Klatskin’s tumor. CEUS is
useful in the characterization of focal pancreatic lesions,
differential diagnosis between pseudo cysts and cystic
pancreatic tumors, and differentiation of the vascular
(solid) or avascular (liquid/necrotic) components of the
lesion. CEUS may also be useful in determining treatment
efficacy and outcome after chemotherapy for pancreatic
cancer. CEUS is helpful in the characterization of complex
cystic lesions and suspected cystic renal carcinoma, and
can be used for the evaluation of anatomical variations
mimicking renal tumor. CEUS is particularly useful for
patients with contraindications for the use of CT or MR
contrast agents.

The role of CEUS in other organs such as spleen,
breast, and thyroid are still under investigation, and more
evidence is needed to validate its usefulness. The novel
applications such as use in blunt trauma, Crohn’s disease,
and gynecology also need further confirmation. The use
of CEUS in molecular imaging and in gene therapy still
requires further investigation.

In general, the advent of CEUS has greatly enhanced
the usefulness of US and even changed the status of
US in clinical practice. The application of CEUS in the
clinic is continuously evolving and it is expected that its
use will be expanded further in the future.
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Patients with liver cirrhosis are at increased risk of

hepatocellular carcinoma (HCC). Conventional or

baseline ultrasound (BUS) is often used as the first-line

tool for HCC surveillance or detection, but the accuracy INTRODUCTION
of BUS in HCC detection or differentiation from other
focal liver lesions (FLLs) is limited. Contrast-enhanced
ultrasound (CEUS) represents a recent revolution in the ) il
field of ultrasonography and it has become increasingly and hePatQCCIIHIaf carcinoma (HCC) . Therefore
important in the detection and evaluation of FLLs. In  HCC surveillance has been recommended by expert
CEUS, HCC typically exhibits arterial hyper-enhancement ~ associations to improve survival of patients by identifying
and portal-venous washout represented by hypo- tumors in earlier stages[z'“. Conventional or baseline
enhanced lesions in the portal venous and late phases. ultrasound (BUS) is often used as the first-line tool
The detection rate of HCC was significantly higher for HCC surveillance, as well as for the detection of
with CEUS compared with BUS. Even regenerative or HCC or other focal liver lesions (FLLs) because of its

Liver cirrhosis is a potentially life-threatening condition,
as it may be complicated by hepatic decompensation
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efficiency, availability, non-invasiveness, and relatively low
cost’. However, in view of the low ability of BUS to
demonstrate tumor vascularity, it is sometimes difficult to
differentiate benign FLLs (generally having a preferential
portal venous blood supply) from malignant ones
(generally having a preferential hepatic arterial supply)
using BUS alone”, This is particularly relevant in the
setting of liver cirrhosis, as in the presence of nodular
liver parenchyma it can be difficult to differentiate HCC
from regenerative, dysplastic nodules or other FLLs.

Contrast-enhanced ultrasound (CEUS) represents a
recent breakthrough in the field of ultrasonography and
it has becoming increasingly important in the evaluation
of FLLs. CEUS involves the use of microbubble contrast
agents and specialized imaging techniques such as
harmonic and pulse inversion imaging to show sensitive
blood flow and tissue perfusion information. The
introduction of new generation microbubble contrast
agents allows real-time imaging, which further improves
the characterization and detection of FLLs'. CEUS
significantly improved the diagnostic performance in
small FLLs compared to BUS". Several other studies
also provided evidence that CEUS has sensitivity and
specificity similar to computed tomography (CT) and
magnetic resonance imaging (MRI) in terms of detection
and characterization of FLLs"". In this article, the
application of CEUS for the detection of different benign
and malignant FLLs in liver cirrhosis will be described
and discussed on the basis of our experience and latest
literature data.

ULTRASOUND CONTRAST AGENTS
(UCAs) AND CONTRAST-SPECIFIC
TECHNIQUES

Microbubbles smaller than 8 pm in diameter have
been proved to pass through capillary vessels, and an
ultrasound pulse with a frequency of 2 MHz and a
negative pressure of about 700 kPa has the ability to
disrupt the microbubbles and generate echo signalsm.
Thus, contrast agents with transpulmonary stability,
which are administered intravenously into peripheral
veins, have become commercially available for use in
sonographic enhancement studies. Levovist, Definity,
SonoVue, and the latest Sonazoid, are the four UCAs
most commonly studied in the liver (Table 1).

The first generation UCAs, such as Levovist, pro-
duce a very weak signal when submitted to a low me-
chanical index ultrasound beam owing to the fragility
of the microbubbles containing air with galactose/pal-
mitic acid surfactant'”. One of the second-generation
UCAs, SonoVue, is the most commonly used UCA in
China and Europe. Bubbles of SonoVue contain sulfur
hexafluoride with a phospholipid shell”. The micro-
bubbles are isotonic to human plasma and stable and
resistant to pressure. SonoVue improves the display of
focal tumor vascularity and normal parenchymal liver
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Agent Manufacturer Resonance Chemical Ml level
range (MHz) composition
Levovist®  Schering 2-3 Lipid High > 0.6
Air (galactose-based)
Definity® BMS 1.5-4 Liposome Low < 0.4
Perfluorocarbon
SonoVue® Bracco 1.8-3.2 Phospholipid Low < 0.4
Sulfur hexafluoride
Sonazoid® GE 2-8 Lipid Low < 0.4
healthcare Perfluorocarbon

vascularity!'”. Sonazoid is another second-generation
UCA solely available in Japan. Sonazoid consists of
perfluorobutane microbubbles with a median diameter
of 2to 3 prnm. A pharmacokinetic study of Sonazoid
showed that blood concentrations of perfluorobutane
declined biphasically with a distribution half-life of 2
to 3 min and an elimination half-life of 30 to 45 min'".
The special feature of Sonazoid is the Kupffer imag-
ing in the post-vascular phase, which is stable for at
least 60 min post-injection and tolerable for multiple
scanning and can be obtained with low acoustic power,
because Sonazoid microbubbles are phagocytosed by
Kupffer cells™. In general, UCAs are very safe with a
low incidence of side effects. Serious adverse events in
abdominal applications have been reported with a rate
of 0.0086%"". The common adverse events include
pruritus, nonspecific malaise, numbness of limb and
dyspnea; while serious adverse events include hypoten-
sion and bronchospasm[20J

Contrast-specific techniques suppress linear ultra-
sound signals coming from tissues and use the non-
linear response of microbubbles to enhance signals from
UCAs over the background. The advent of second-
generation agents has been significant in improving the
ease and the reproducibility of the examination, since
low solubility gases offer improved stability and more
favorable resonance behavior than air at low acoustic
pressurem. Hence, contrast-specific imaging can be per-
formed at a low mechanical index (usually less than 0.20),
thus preventing microbubble disruption and enabling
visualization of the dynamic enhancement pattern in real
time over several minutes.

DIFFERENT VASCULAR PHASES OF

LIVER IN CEUS

The hepatic artery supply usually starts 10 to 20 s post-
injection into a petipheral vein and lasts for approximately
10-15 s. This is followed by the portal venous phase, which
usually lasts 2 min after UCA injection. The late phase lasts
until clearance of UCA from the liver parenchyma, up
to approximately 4-6 min for SonoVue™. Another post-
vascular or Kupffer phase, up to at least 60 min, is present

for Sonazoid (Table 2)!".
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Phase Start' End'
Arterial phase (s) 10-20 20-35
Portal venous phase (s) 30-45 120-180
Late phase (s) 120-180 240-360

Post-vascular or Approximately 10 min At least 60 min

Kupffer phase

'The individual global hemodynamic situation will influence the time of
onset of different phases.

Arterial phase

The UCA reaches the liver first vz the hepatic artery
and provides information on the degree and pattern of
vascularity. Tumors with substantial arterial blood supply
show hyper-enhancement during this phase. This phase
is usually defined as the period from 0 to 30 s after UCA
injection.

Portal vein phase

After the arterial phase, the UCA has passed through the
circulation and spreads through the liver zia the portal
branches. This phase is usually defined as the period
from 31 to 120 s after UCA injection.

Late or parenchymal phase

The late or parenchymal phase follows the portal phase,
in which UCA is slowly distributed throughout the entire
liver parenchyma. The origin of the late phase is the
subject of ongoing scientific discussion, and suggested
mechanisms include sinusoid pooling and reticulo-
endothelial system or Kupffer cell uptakem]. Both the
portal and late phases provide information regarding the
washout of contrast agent from the lesion compared
with normal liver tissue. In the case of hemangiomas, a
progressive filling can be observed during these phases.
The portal and late phase enhancement can provide
important information regarding the character of the
lesions. Most malignant lesions are hypo-enhanced, while
the majority of solid benign lesions are iso- or hyper-
enhanced”**. This phase is usually defined as the period
from 121 to 360 s after UCA injection.

Post-vascular or Kupffer phase

This is an extra phase when Sonazoid is used. Kupffer
imaging in the post-vascular phase is stable for at least
60 min post-injection and tolerable for multiple
scanning, This can be obtained with low acoustic powetr,
because Sonazoid microbubbles are phagocytosed by
Kupffer cells'”.

DETECTION OF MALIGNANT FLLs IN
CIRRHOTIC LIVER WITH CEUS
Hce

HCC is the most common primary malignancy of the
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liver. It usually occurs in patients with chronic liver dis-
eases such as chronic hepatitis B and C, which are highly
prevalent in the Asian-Pacific region, Japan and America,
respectively. The risk of HCC is substantially increased to
10 times or even mote in the presence of cirrhosis when
compared to non-cirrhotic patientsm. The annual detec-
tion incidence of HCC ranges from 2% to 5% when cit-
thosis is established™. On a histopathologic basis, evolv-
ing malignant change in a cirrhotic nodular lesion shows
that the arterial flow supply progressively increases to the
lesion and the portal flow progressively decreases””. This
progressive neo-angiogenesis provides the clue for clini-
cal diagnosis with imaging techniques[zsl. HCC typically
exhibits arterial hyper-perfusion compared with the sur-
rounding liver tissue at the time when in the surrounding
liver parenchyma no contrast effect is as yet discernible
(Figure 1) Uneven arterial hyper-enhancement of
HCC may be noted, because the tumors may have septa,
different cell differentiation and arterio-venous shunting
patterns among the neo-formed vessels™. In the portal
and late phase, HCC are usually hypo-enhanced, as the
UCA will wash out from HCC to the liver parenchyma
rapidly, and the tumor may appear hypo-enhanced with
respect to the surrounding liver in the late phasem’zs’”].
As some regenerative nodules may also exhibit additional
arterial enrichment, analysis of the portal venous phase
makes the differentiation of these iso-enhanced nodules
from hypo-enhanced HCC possible.

The detection rates of FLLs are dependent on the
sizes of the lesions. While the detection rates are generally
higher than 90% with CEUS". A summary of CEUS
findings of common FLLs was shown in Table 3. The
characterization of a hepatic nodule smaller than 2 cm by
imaging is more difficult. Detection of small HCCs in the
cirrhotic liver is always a great challenge in cirrhotic liver,
as multistage processes including regenerative nodules,
dysplastic nodules and HCC may co-exist. In general,
CEUS improved the sensitivity, negative predictive value,
and overall accuracy of detection of HCC < 2 cm from
29% to 80%, 60% to 91%, and 64% to 87%, respectively,
when compared with BUSP'L A recent investigation has
shown that in the setting of cirrhotic patients undergoing
HCC surveillance, the sole imaging finding of arterial
hyper-vascularization in small solitary nodules of 2 cm
ot less has a specificity of 86% and a positive predictive
value of 92% for the diagnosis of HCC™. Small HCCs
in cirrhotic liver may be detected as areas of hyper-
enhancement in the arterial phase. However, the short
duration of the arterial phase does not allow scanning
of the whole liver. Hence the portal and late phases
may provide more information in the detection of small
lesions in cirrhotic liver™ . Evaluation of all three
vascular phases has been shown to be superior to the
evaluation of enhancement in the late phase alone: the
sensitivity increased from 78% to 98%, and the accuracy
from 81% to 93%"”. In a study of 41 cirrhotic patients
with small monofocal lesions smaller than 3 cm in
diameter using contrast-enhanced Doppler ultrasound, the
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Focal nodular
hyperplasia

Hepatocellular adenoma
Fatty changes or focal
fatty sparing

nodular enhancement)

Homogenous hyperechoic

in 20% of small hemangiomas

Hyperechoic

Hyperechoic
Isoechoic

Absence of enhancement

Hyper- or isoechoic

Hyper- or isoechoic;
ﬂOﬂ-eI‘lhal’lCil’lg central
scar in 45%
Isoechoic
Isoechoic

Absence of enhancement

complete (intralesional
hypoechoic areas in 50%)
Hyper- or isoechoic

Hyper- or isoechoic;
non-enhancing central scar
in 45%

Isoechoic
Isoechoic

Absence of enhancement

Atrterial Portal Late vascular phase Parenchymal phase

Malignant focal liver lesions

Hepatocellular carcinoma Hyperechoic Isoechoic Hypo- or isoechoic (30%) Hypoechoic

Metastases Hypo- or hyperechoic Hypoechoic with or Hypoechoic Hypoechoic

(hypervascular) without rim enhancement

Cholangiocarcinoma Hypo- or hyperechoic (15%) Iso- or hypoechoic Hypoechoic Hypoechoic
Benign focal liver lesions

Regenerating nodules Iso- or hypoechoic Isoechoic Isoechoic Isoechoic

Dysplastic nodules Hyper, iso- or hypoechoic Isoechoic Hypo- or isoechoic Hypo- or isoechoic

Hemangiomas Hyperechoic (peripheral Centripetal filling Isoechoic if filling is Isoechoic (intralesional

hypo-echoic areas in 50%)
Isoechoic
Hyper- or isoechoic
Isoechoic
Isoechoic

Absence of enhancement

Noncomplicated cysts

Figure 1 Hepatocellular carcinoma. A: Gray-scale sonogram shows an isoechogenic nodule (arrows); B: Contrast-enhanced ultrasound (CEUS) scan at arterial phase
shows homogeneous hyper-enhancement (arrows); C: CEUS scan at portal phase shows iso-enhancement in comparison with adjacent-liver tissue (arrows); D: CEUS
scan at late phase shows hypo-enhancement in comparison with adjacent-liver tissue (arrows); E: Computed tomography (CT) scan shows hyper-attenuation of the
nodule (arrows) during the arterial phase; F: CT scan during the portal phase shows hypo-attenuation (arrows).

intra-tumoral arterial blood flow was detected in 95% of
HCCs, compared with 28% of nonmalignant nodules".
All false-positive findings were noted either in high-grade
dysplastic nodules or evolving HCCs™. CEUS was also
found to improve the detection of HCC in patients with
chronic hepatitis C related cirrhosis, and it was useful to
rule out malignancy in many cases where BUS findings
were indeterminate™. To increase the specificity of
imaging diagnosis, it is mandatory to evaluate contrast
washout during the portal venous and the late phases, as
recently recommended by the EASL panel of experts on
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HCC and the AASLD practice guideline[36’37]. These latest
guidelines from various panel experts also recommended
that the diagnosis of nodules of sizes 1 to 2 cm must be
confirmed by two different imaging techniques”™.
Despite these promising results and recommendations,
detection of small lesions is still a great challenge. A small
study involving 30 cirrhotic patients with 30 small FLLs
(1 to 2 cm) showed that a combination of characteristics
of arterial phase enhancement and absence of delayed
phase enhancement in CEUS had a high specificity of
92%, with a relatively low sensitivity of 56%, for detecting
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Figure 2 Micro flow imaging (MFI) technique depicts the intra-tumoral
vascular architecture.

small HCC in cirrhosis patientspsj. Another recent study
showed that the detection rate by coincident arterial
hyper-vascularity at CEUS and CT was 44% in nodules
of 1 to 2 cm, compared with 84% in larger nodules of
sizes 2 to 3 cm in cirrhotic liver™. Relying on imaging
techniques in nodules of 1 to 2 cm, the missed diagnosis
of HCC was up to 38%"”. This evidence showed that the
diagnosis of nodules of 1 to 2 cm in cirrhotic patients
1s not satisfactory even with arterial hyper-vascularity
shown by CEUS and CT. Late-phase pulse-inversion
CEUS improved diagnostic sensitivity from 85% to
100% and specificity from 30% to 63% compared with
BUS, and with lower inter-observer variability, for the
discrimination of malignant versus benign liver lesions”.
The new UCA Sonazoid provides Kupffer imaging, which
is extremely stable and tolerable for multiple scanning
at least up to 60 min in the post-vascular phase, and may
further improve the detection rate of HCC with CEUS™.
The analysis of Kupffer function provides essential
information compared with other contrast agentsm’m.
CEUS with Sonazoid detects liver malignancy as defects
on the sinusoidal phase with a high sensitivity of 95%,
specificity of 93%, positive predictive value of 99%, and
negative predictive value of 97%",

Tumor differentiation was found to be correlated
with the pattern of enhancement in the portal and late
phasesm. The timing of HCC becoming hypo-enhanced
on CEUS is correlated with tumor cell differentiation;
well-differentiated tumors wash out more slowly than
pootly differentiated ones"™*!. The micro flow imaging
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Figure 3 Liver metastasis. A: Gray-scale sonogram shows iso-echoic nodules
(arrow); B: CEUS scan obtained in arterial phase shows rim-like enhancement
(arrows); C: CEUS scan at late phase shows marked hypo-enhancement (arrow).

technique was found to be effective in depicting the
intra-tumoral vascular architecture which correlated
with pathologic differentiation of HCC (Figure 2)™’.
A minority of HCCs may exhibit sustained hyper-
enhancement in the late phase, especially for the small
or well-differentiated ones (Figure 3)". This makes the
differentiation from other benign lesions such as focal
nodular hyperplasia (FNH) or hemangioma impossible.
In this scenario, other imaging modalities or biopsy of
the nodule may be needed to confirm the diagnosis.

Metastatic liver cancer (MLC) and cholangiocarcinoma

Even though the incidence of MLC and cholangiocarcinoma
is not increased in the presence of liver cirrhosis, detection
of MLC may become more difficult in the presence of
the nodular background of liver parenchyma. In the
presence of liver cirrhosis, the detection rate of MLC
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Figure 4 Intrahepatic cholangiocarcinoma. A: Gray-scale sonogram shows
hypo-echoic nodule (arrows); B: At CEUS during the arterial phase the lesion shows
markedly inhomogeneous enhancement (arrows); C: The lesion appears as hypo-
enhancing mass in comparison with adjacent parenchyma in late phase (arrows).

was reported to be 33% in an autopsy seties™. while no

data is available for cholangiocarcinoma as it is relatively
uncommon. Detection of MLC has an important role in
optimizing the therapeutic strategy, particularly in patients
suffering from colorectal carcinoma™*’. Histologically,
metastatic tumors have intratumoral hypo-vascularity and
peripheral hyper-vascularity. BUS may miss iso-echoic
lesions and lesions smaller than 1 ¢cm™. Many studies
have confirmed the improvement in accuracy of CEUS in
diagnosing MLC"*"*?, CEUS also improved the detection
of miliary metastases (0.5-1 cm) .

In the arterial phase, hypovascular metastases appear
as hypo-enhanced lesions, with a typical rim enhance-
ment of varying size (“halo sign”, “rim sign”), whereas
hypervascular metastases appear as hyper-enhanced and
homogeneous lesions™. Rapid washout of arterial en-
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hancement is found in the late arterial and portal phas-
es’™. Therefore, at the beginning of the portal phase, the
arterial enhancement fades and the entire hypovascular
lesion becomes hypo-echoic. In the late phase, both
hypovascular and hypervascular metastases invariably ap-
pear dark compared with the enhanced background of
normal liver parenchyma (“black-hole sign”)ml. During
this late phase, both portal and late-phase imaging mark-
edly increase the contrast between the enhanced normal
liver (Figure 3). In the late portal phase very small metas-
tases stand out better, because the artifacts are then less
pronounced than directly after the injection of the signal
enhancer. Thus, non-enhancing metastases improve de-
tection, especially of small lesions smaller than 1 cm and
lesions iso-echoic at BUS™. A high diagnostic accuracy
in the differentiation between metastases and benign
FLLs in the late phase has been reportedl%l. A study
showed that the addition of CEUS to BUS improved
sensitivity for the detection of individual metastases
from 71% to 87%. On a pet-patient basis, sensitivity im-
proved from 94% to 98% and specificity improved from
60% to 88%"".

It is often difficult to use BUS alone to differentiate
cholangiocarcinoma from other FLLs because its sono-
graphic findings are non-specific. CEUS has much im-
proved the detection rate of this tumor when compared
to BUS, and it was found to have the same accuracy as
contrast-enhanced CT in diagnosing intrahepatic chol-
angiocarcinoma (1co)P. 1cc usually appeared in inho-
mogeneous hyper-enhancement of different patterns
in arterial phase: peripheral irregular rim-like hyper-en-
hancement; diffused heterogeneous hyper-enhancement;
diffuse homogeneous hyper-enhancement and diffuse
heterogeneous hypo—enhancementlsg’s()]. In the portal
phase, most of the ICC was hypo-enhanced and ap-
peared as punched-out defects (Figure P CEUS is
also useful for differentiating ICC from HCC based on
the enhancement pattern'®’,

DETECTION OF BENIGN FLLs IN
CIRRHOTIC LIVER WITH CEUS

Regenerative and dysplastic nodules

A stepwise carcinogenesis for HCC has been proposed
from regenerative nodules, through low-grade dysplastic
nodules and high-grade dysplastic nodules, to overt
HCC"Y. Occasionally cancerous foci of very well
differentiated HCC are encountered within dysplastic
nodules, which are called nodule-in-nodule lesions or
dysplastic nodules with a focus of HCC"™, Differentiation
between HCC and these nodules is always a major
concern in cirrhotic liver, as the appearance in BUS may
be similar but their prognosis is substantially different
from each other: regenerative nodules are considered as
benign lesions; dysplastic nodules are considered as pre-
cancerous lesions; while nodule-in-nodule lesions are
considered malignant®. As definite differentiation among
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Figure 5 Biopsy-proven dysplastic nodule. A: A well-defined hypo-echoic lesion in the presence of liver cirrhosis (arrow); B: At CEUS during the arterial phase the
lesion shows hyper-enhancement (arrow); C: The lesion appears iso-enhanced with respect to surrounding liver parenchyma in the portal phase(arrow); D: The lesion
appears hypo-enhanced with respect to surrounding liver parenchyma in later part of the phase (arrow).

these nodules is almost impossible with BUS, CEUS plays
an important role in differentiating these lesions because
of its ability to demonstrate the vascularity of the
103631, Regenerative nodules and dysplastic nodules
are differentiated from HCC as the former lesions usually
do not show enhancement in the arterial phase and are
iso-enhanced similar to the surrounding liver parenchyma
in the portal and late phases (Figure 5)"**). Nonetheless,
regenerative nodules and some dysplastic nodules may
also exhibit additional arterial hyper-enhancement; by
analysis of the portal venous and late phases it may be
possible to differentiate these iso-enhancing nodules
from hypo-enhancing HCC***",

CEUS with Sonazoid is more sensitive for detecting
arterial vascularity of target nodules than contrast-
enhanced CT and MRI. CEUS with Sonazoid provides
the additional post-vascular or Kupffer phase, such that
it allows an assumption of the degree of malignancy
based on Kupffer function. When uptake of contrast
agent is reduced in the Kupffer phase of CEUS with
Sonazoid in nodules not depicted as hypervascular
lesions by CT' or MRI, these lesions should basically be
treated as malignant and a biopsy is not indispensable[ﬁa.

lesions

However, only a part of the liver can be evaluated in the
short arterial phase of 20 to 30 s after administration of
the contrast agent. As multiple nodules are often present
in cirrhotic liver, this is a major limitation of CEUS. This
may be overcome by using several doses of contrast
agent to scan different segments of the liver. Another
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way is using CEUS in combination with CT, which
was found to increase the accuracy of detecting intra-
nodular arterial vascularity, compared to that by a single
method™.

Hemangiomas

Hemangiomas are the most frequent benign tumor
found in the liver. Therefore it is also commonly found
in cirrthotic liver, and the presence of hemangioma may
be misdiagnosed as HCC. On the other hand, with pro-
gressive cirrhosis, hemangiomas ate likely to decrease in
size and become more fibrotic and difficult to diagnose
radiologicallym. The typical findings of hemangioma
in CEUS are peripheral nodular contrast-enhancement
and centripetal fill in (60% to 80%). However, atypical
findings are found in 20% of hemangiomas if throm-
bosed areas and calcifications are present®”. In small
hemangiomas of diameter less than 2 cm, the arterial
phase may show diffuse enhancement, which may oc-
cur in hypervascular malignant tumors such as HCC or
metastases. Hemangiomas can be differentiated from
those malignant lesions as they usually have hyper- or
iso-enhancement with respect to the surrounding liver
tissue in the portal and late phases, while malignant le-
sions become hypo-enhanced (Figure 6)”. CEUS can be
used in the diagnosis of hemangioma, when centripetal
fill-in enhancement is a positive finding in hemangioma,
and the sensitivity and specificity are 96% and 98%,
respectively[és].
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Figure 6 Hemangioma. A: Gray-scale sonogram shows a hyper-echoic nodule
(arrow); B: CEUS scan obtained in arterial phase shows peripheral nodular hyper-
enhancement (arrows); C: CEUS scan at late phase shows progressive centripetal
enhancement and sustained and complete hyperenhancement (arrows).

FNH

FNH is the second most common benign, hyperplastic
liver neoplasm composed of all the components of normal
liver tissue, and about 45% of cases have a central stellate
fibrous scar'™. FNH was present in 3.4% of cirrhotic
patients who received liver transplantation™. The findings
of FNH in CEUS are rapid arterial hyper-enhancement
with atypical centrifugal radiating or “spoke-wheel”
pattern, then homogeneous hyper-enhancement in the late
arterial phase”""”. The spoke-wheel pattern represents a
central feeding artery and centrifugal blood supply from
the center of the lesion to the petiphery. FNH gradually
changes to iso-enhanced in portal and late phases as FNH
contains all the components of normal liver tissue, while
some lesions even show as slightly hyper-enhanced with
respect to the surrounding normal liver™”. A central scar is
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another charactetistic feature of FNH in CEUS due to the
central stellate fibrosis scar. With the characteristic features
in CEUS, the sensitivity and specificity of diagnosing FNH
were 88% to 97% and 95%, respectivelym’m.

Hepatocellular adenoma

Hepatocellular adenoma is a relatively rare benign focal
liver lesion, and is mainly found in young women with
a history of oral contraceptive use, androgen steroid
therapy and glycogen storage disease!. Histologically,
hepatocellular adenoma is composed of cords of tumor
cells, which closely resemble hepatocytes and contain fat
and glycogen. In the arterial phase of CEUS, early and
homogeneous hyperechoic enhancement is found in most
cases. However, no enhancement will be seen if the tumor
contains hemorrhage or necrosis’ . In the portal and late
phases, the enhancement of hepatocellular adenoma is
almost the same as that of liver parenchyma and remains
slightly hypo-enhanced in relation to the adjacent liver
tissue in later stages because of varying numbers and
activity of Kupffer cells™. Studies regarding the detection
rate of CEUS in hepatocellular adenoma ate not available.

Focal fatty change and focal fatty sparing of liver

Focal fatty change and focal spared areas are usually
demonstrated adjacent to the right main portal vein, the
gallbladder bed or the falciform ligament. However, a
single well-demarcated nodule can be found anywhere
in the liver. Because this type of lesion has normal liver
components, CEUS shows the same enhancement
pattern with respect to the normal liver in all phases and
remains iso-enhanced””. In the arterial and venous phase
the supplying and draining vessels can be imaged"””.

Cystic lesions

Liver cysts are a common ultrasonographic finding
and readily diagnosed with BUS features of typical cyst
appearance of echo free, round, well-defined borders
with lateral shadowing and posterior echo enhancement.
Blood vessels have to be excluded by color Doppler
imaging ruling out arterio-porto-venous malformations
with a cystic appearance. Simple liver cysts typically show
no contrast enhancement at all the phases in CEUS".
CEUS is usually not necessary to diagnose simple liver
cysts. Sometimes, it can play an useful role in the presence
of complex, septated cysts to exclude a malignant cystic

lesion (Figure 7).

Other benign lesions

CEUS enables a better delineation of liver abscesses,
which usually show a peripheral rim of contrast en-
hancement, surrounding an inner, generally necrotic,
hypoechoic non-enhancing area, when compared to BUS.
Septa may also enhance after contrast agent administra-
tion and show a honeycomb-like appearance (Figure 8)".
A recent study of CEUS in infective liver lesions showed
that most liver abscesses were irregularly rim-enhanced
with non-enhanced central necrotic areas; whereas infect-
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Figure 7 Complicated cyst. A: A slightly hypo-echoic lesion (arrow); B:
CEUS at the portal phase of the lesion shows lack of contrast enhancement
(arrow), as well as throughout the remaining vascular phases (not shown).
Some internal non-enhancing debris within the cyst is still appreciable.

ed granulomas and inflammatory pseudotumors exhibit
variable CEUS patterns™. Biopsy may be required in
these lesions as most infected FLLs showed more rapid
contrast wash-out than the surrounding liver parenchyma,
which is similar to malignant lesions™™”.

Some other unusual lesions including intrahepatic
biliary cystadenoma, angiomyolipoma, lipoma, biliary
epithelial dysplasia, a fungal inflammatory mass, tubet-
culoma, sarcoidosis, solitary necrotic nodules, peliosis
hepatis, and focal fibrosis after surgery were demon-
strated in CEUS. The benign nature of some of these
lesions was shown as hyper-enhancement during the ar-
terial phase and sustained enhancement during the por-
tal or late phase in CEUS. But some benign lesions (e.g
intrahepatic biliary cystadenoma, sarcoidosis) may have
various enhancing patterns during the arterial phase and
even hypo-enhancement during the late phase”".

Insufficiency of CEUS in detection of FLLs

Similar to BUS, CEUS is a dynamic examination that
depends on the skill of the sonographers and/ot sonolo-
gists, hence the accuracy is often operator—dependentlgz},
Limited access to certain parts of the liver (e.g. near
dome of diaphragm or far from the abdominal wall), es-
pecially in obese patients, remains a similar problem as in
BUS. As a general rule, if BUS is suboptimal, results from
CEUS may be disappointing”. Only a part of the liver
can be evaluated in the short arterial phase after adminis-
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Figure 8 Hepatic abscess. A: An ill-defined lesion with mixed echotexture
(arrow); B: The image obtained at CEUS in the portal phase better depicts the
real margins of the lesion (arrows). A thin enhancing septum within the lesion is
also demonstrated (arrowhead).

tration of the contrast agent. In the presence of multiple
FLLs, which are particularly common in cirrhotic liver,
this may be overcome by using several doses of contrast
agent to scan different segments of the liver™. The value
of scanning in the late phase after contrast administra-
tion in cirrhotic patients is limited: while the detection of
an hypo-enhanced lesion in the late phase in a cirrhotic
patient is very suggestive of HCC, iso-enhanced HCC is
not easily detected. Furthermore, due to hemodynamic
changes in cirrhotic patients with hyperdynamic circula-
tion and shunting, the parenchymal enhancement in the
late phase may appear heterogeneous and less intense
than in normal livers, making evaluation difficult™. An-
other major limitation is the inability to evaluate the ex-
trahepatic extension of HCC or other malignant diseases.
All these insufficiencies may be overcome by combin-
ing CEUS with another dynamic test, such as contrast-
enhanced CT or MRI™.

CONCLUSION

CEUS can cleatly demonstrate the vascular pattern and
parenchymal contrast in FLLs, hence with CEUS the
detection rates of different types of FLLs are much
improved compared to BUS, and comparable to CT
and MRI. CEUS also improves the diagnostic accuracy
of FLLs, even for those as small as 1 to 2 cm. The
significantly improved detection and diagnostic values of
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CEUS is particularly relevant in the setting of liver cirrhosis
because of the nodularity of the liver parenchyma and the
coexistence of benign regenerative nodules and malignant
HCC. This safe, convenient, low cost and non-invasive
diagnostic modality should be promoted in routine clinical
practice, especially in cirrhotic patients. Further research
should explore the role of CEUS in different clinical
applications, such as in the HCC surveillance program.
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Abstract

Conventional ultrasound (US) is the first-line imaging
investigation for biliary diseases. However, it is lack
of the ability to depict the microcirculation of some
lesions which may lead to failure in diagnosis for
some biliary diseases. The use of contrast-enhanced
US (CEUS) has reached the field of bile duct disease
in recent years and promising results have been
achieved. In this review, the methodology, image
interpretation, enhancement pattern, clinical useful-
ness, and indications for CEUS in the biliary system
are summarized. CEUS may be indicated in the biliary
system under the following circumstances: (1) Where
there is a need to make a characterization of intrahe-
patic cholangiocarcinoma (ICC); (2) For differentiation
diagnosis between ICC and other tumors (i.e. hepato-
cellular carcinoma or liver metastasis) or infectious
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diseases; (3) For differentiation diagnosis between
biliary cystadenoma and biliary cystadenocarcinoma;
(4) To detect malignant change in Caroli’s disease; (5)
To depict the extent of Klatskin’s tumor with greater
clarity; (6) To make a distinction between gallbladder
cholesterol polyp, adenoma and polypoid cancer; (7)
To make a distinction between chronic cholecystitis
with thickened wall and gallbladder cancer; (8) For
differentiation diagnosis between motionless sludge
and gallbladder cancer; (9) For differentiation diag-
nosis between common bile duct cancer and sludge
or stone without acoustic shadowing; and (10) In
patients who are suspected of having a drop of their
percutaneous transhepatic cholangiodrainage tube,
US contrast agent can be administered to through the
tube detect the site of the tube.

© 2009 Baishideng. All rights reserved.
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INTRODUCTION

Conventional ultrasound (US) is the first-line imaging
investigation for diagnosis of biliary diseases, and most
biliary diseases ate firstly detected by conventional US.
The continuous improvement in imaging quality and
the advent of new techniques such as power Doppler
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imaging, tissue harmonic imaging, endoscopic US,
and three-dimensional US have further enriched the
application of US in the biliary system!" Y, In recent years,
a novel technique of contrast-enhanced US (CEUS) has
been widely used in various applications and has been
accepted in clinical practice. Regarding the abdominal
organs, CEUS has been used in the liver, kidney, pancreas,
and spleenH’Sl. However, in the ‘Guidelines and Good
Clinical Practice Recommendations for CEUS - update
2008’ which was recently issued, the application of CEUS
in the biliary system was not mentioned”. The use of
CEUS has reached the field of bile duct disease in recent
years and promising results have been achieved"”"". From
2004, we have carried out biliary CEUS examination in
more than 400 patients. In this review, the methodology,
image interpretation, enhancement pattern, clinical
usefulness, and indications for CEUS in the biliary system
are summarized.

CONTRAST AGENT

Ultrasound contrast agent (UCA) is a microbubble-based
substance. The diameter of the microbubble is small
enough to guarantee its passage through the pulmonary
circulation and to reach various organsm]. Currently,
there are five commercially available UCAs that have
been approved in clinic. They are Levovist® (air with
galactose and palmitic acid as a surfactant; Schering,
introduced in 1996), Optison® (octafluoropropane with
an albumin shell; GE Healthcare, introduced in 1998),
Luminity® (octafluoropropane perflutren with a lipid shell;
Bristol-Myers Squibb, introduced in 2006), SonoVue®
(sulfur hexafluoride with a phospholipid shell; Bracco,
introduced in 2001), Sonazoid® (perfluorobutane with a
phosphatidylserine shell; GE Healthcare, introduced in
2007). The diameters of these are approximately 2-8 pm,
smaller than that of red cells in the blood. Levovist®
works under high acoustic power and is only suitable
for intermittent imaging, and is seldom used currently.
Optison®™ and Luminity® are only licensed for cardiac use.
Sonazoid® is only approved in Japan. The only licensed
UCA in China is SonoVue®, which is also available in
Europem.

UCA is administrated intravenously and is confined
to the intravascular space, which is different from the
contrast media for contrast-enhanced computed tomog-
raphy (CECT) or contrast-enhanced magnetic resonance
imaging, where the contrast media is rapidly cleared
from the blood pool into the extracellular spacem.

In addition to intravenous use, UCA intracavity
applications can be performed in the biliary system. In
patients who have undergone percutaneous transhepatic
cholangiodrainage (PTCD), UCA can be administered
through the drainage tube to visualize the bile duct tree
and to locate the position of the tube!'”.

IMAGING TECHNIQUE
When the intravenous UCAs are exposed to US, they
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strongly increase the US backscatter and therefore
are useful in the enhancement of echogenicity for the
assessment of blood flow, which enables the display of
parenchymal microvasculature.

Real-time gray-scale CEUS examination is available
with the combinations of UCAs and low acoustic power
contrast-specific imaging (CSI) techniques. Under low
acoustic power, which is expressed as mechanical index
(MI) and is often lower than 0.2, most of the UCAs in
the circulation will remain intact and will interact with
the acoustic wave. In contrast, under high acoustic
power, the microbubbles will be destroyed. Low MI
techniques furthermore lead to effective tissue signal
suppression, as the non-linear response from the tissue
is minimal when low acoustic pressures are used. By
using low MI CSI technique, CEUS enables effective
investigations over several minutes with the visualization
of the dynamic enhancement pattern in real time.

SCANNING METHOD

For all CEUS examinations, baseline US investigations
are firstly performed. After identification of the target
lesion, the transducer is kept in a stable position and
the imaging mode is changed to low MI CSI. The tissue
signals are eliminated and the depth, gain and focus are
carefully adjusted. UCA is administered intravenously
through the antecubital vein as a bolus (within 1-2 s),
followed by a flush of 5 mL of normal saline. A stop
clock should be started at time of UCA injection.

A simultaneous display of tissue and contrast signals
has been implemented in many CSI modes. This modality
is recommended in most cases, as it can ensure that the
target lesion is kept within the scanning field during
CEUS.

To continuously assess the vascular enhancement
change, continuous scanning for 60-90 s is recommended
in each case. In addition, in the late phase, the scanning
may be used intermittently until the disappearance of
the UCA from the region of interest (ROI). In patients
suspected of malignancy, thorough liver scanning in the
late phase is necessary to exclude liver metastasis.

INTRAHEPATIC BILIARY SYSTEM

The intrahepatic bile duct is hard to visualize under
normal circumstances, and most lesions of the
intrahepatic bile duct are difficult to demarcate from the
adjacent parenchyma. Therefore, the entire CEUS process
for the intrahepatic biliary system is performed with
reference to that for liver, i.e. including arterial (8-30 s
from the beginning of contrast agent administration),
portal (31-120 s), and late (121-360 s) phasesm. Also, the
enhancement extent is compared with the adjacent liver
parenchyma.

Intrahepatic cholangiocarcinoma (ICC)

ICC is a malignant epithelial tumor that originates at the
second branch (segmental branch) or the proximal branch
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Figure 1 Intrahepatic cholangiocarcinoma. A: Baseline ultrasound shows
an isoechoic mass in segment 5 of the liver; B: The lesion shows peripheral
rim-like hyper-enhancement 26 s after contrast agent injection on CEUS; C:
The lesion becomes hypo-enhanced 52 s after contrast agent injection; D: The
lesion continues to be hypo-enhanced 121 s after contrast agent injection.

of the intrahepatic bile ducts and is the second most
common primary malignant tumor in the liver. ICC often
appears as a large mass because the tumor does not cause
clinical symptoms at its eatly stage. The US features of
peripheral cholangiocarcinomas are nonspecific. Most of
them show a mass-forming lesion as a hypoechoic mass,
and satellite nodules can be seen. Other echo patterns
such as isoechoic or hyper-echoic and inhomogeneous
masses can also be visualized. Sonographically, it is
difficult to differentiate peripheral cholangiocarcinoma
from more common diseases such as metastatic liver
cancer and hepatocellular carcinoma (HCC) other than
the finding that peripheral cholangiocarcinoma is more
likely to be associated with peripheral bile duct dilatation.

Xu et al"¥ summarized the CEUS findings of ICC and
Chen ¢ al"™ compared the enhancement patterns of ICC
between CEUS and contrast-enhanced CT. These authors
found that during the arterial phase four enhancement
patterns were present on CEUS; these were (1) peripheral
irregular rim-like hyper-enhancement (47.5%), (2)
diffuse heterogeneous hyper-enhancement (22.5%), (3)
diffuse heterogeneous hypo-enhancement (17.5%), and
(4) diffuse homogeneous hyper-enhancement (12.5%)
(Figure 1). In comparison with CT, the enhancement
patterns of ICC on CEUS were consistent with those
on CECT in the arterial phase, whereas in the portal
phase ICC faded out more obviously on CEUS than
on CECT. Chen e al'” reported that CEUS made a
correct diagnosis in 80.0% of ICCs before pathological
examination and CECT made a correct diagnosis in
67.5%. CEUS therefore had the same accuracy as CECT
in diagnosing ICCs, and so can be used as a new modality
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for the characterization of ICC. Although baseline US
has low ability in differentiating ICC and HCC, Chen
et al" found that CEUS greatly improved the diagnostic
performance in this use.

The enhancement patterns of ICC correlate with
tumor size. That is, most small ICCs (< 3 cm) are ho-
mogeneously enhancing, while those > 3 cm enhance
heterogeneously or show a peripherally enhancing rim.
This reflects the intratumoral hemodynamic changes in
the course of tumor growth. When an ICC is small, it
may be abundant in tumor cells with little fibrous tissue,
which leads to homogeneous hypervascularity similar to
that of HCC. When grown large, more fibrous tissue and
central necrosis appear, and the ICC would show periph-
eral hypervascularity or overall hypovascularity. Conse-
quently, it is difficult to distinguish small ICC from HCC
on CEUS, especially in those with homogeneous hyper-
enhancement. Under such circumstances, it is important
to refer to the clinical background such as liver cirrhosis,
blood test for viral hepatitis, and the tumor markers.

In portal and late phase on CEUS, most ICCs show
up as hypo-enhancing, which is a prominent feature of
malignancy on CEUS. However, on enhanced CT or
MRI, most ICCs show delayed hyper-enhancement in
the late phase. This phenomenon might be explained by
the fact that the UCA is a real blood pool agent and thus
it does not diffuse through the vascular endothelium into
the interstitium. Conversely, the CT contrast agent can
diffuse into the interstitial spaces of the tumor slowly
from the intratumoral vessels, and clear up slowly owing
to the abundant fibrous tissue and slow blood flow in
ICCs; therefore, even delayed tumor enhancement is
visualized.

Intrahepatic biliary cystadenoma and
cystadenocarcinoma

Intrahepatic biliary cystadenoma is an uncommon
multilocular cystic liver mass with malignant potential
that usually arises from the epithelium of the intrahepatic
bile duct, and which represents less than 5% of
intrahepatic cystic masses of biliary origin. Conventional
US always reveals a well-defined anechoic cystic mass
with echogenic septations or papillary infoldings[o’m.

On CEUS, hyper-enhancement of the cystic wall,
internal septations, or a papillary infolding during the
arterial phase are seen. The enhancement washes out
progressively and is depicted as iso- or hypo-enhancement
during the portal and late phases[6’17].

Intrahepatic biliary cystadenocarcinoma is the ma-
lignant counterpart of cystadenoma. On CEUS, mural
nodule-like hyper-enhancement, thick septa hyper-
enhancement, enlarged solid portion hyper-enhancement
and non-enhanced central area in the arterial phase are
always seen. During portal and late phases, the hyper-

enhanced areas wash out and show hypo-enhancement'®.

Biliary epithelial dysplasia of the intrahepatic bile duct
Biliary epithelial dysplasia of the intrahepatic bile duct
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is a premalignant lesion that arises from the epithelium
of the intrahepatic bile duct. The imaging features of
this entity have seldom been described. In our series, we
found one lesion that was slightly hyperechoic and was
within a dilated bile duct on baseline US. A peripheral
dilated bile duct was visible. On CEUS, the lesion showed
homogeneous hyper-enhancement during the arterial
phase before liver parenchyma enhancement, which
washed out continuously so that the lesion appeared
as hypo-enhanced during the portal and late phases
and was more conspicuous during those phases'’
Sonographically, it was hard to differentiate it from its
malignant counterpart, ICC.

Periductal inflammation

In patients with intrahepatic cholelithiasis, the continuous
irritation of the stone on the wall of the bile duct
will cause inflammation, and even lead to periductal
inflammation. The patients always complain of fever and
right upper quadrant pain. On baseline US, the periductal
inflammatory lesion always shows hypoechogenicity
around the intrahepatic bile duct. The lesion may be
regular or irregular. On CEUS, hyper-enhancement during
arterial phase and hypo-enhancement during portal or
late phase are the most common findings for this entity.
It is difficult to make a distinction between this and liver
malignancy solely depending on the findings on US.

HILAR BILE DUCT

The entire CEUS process for the hilar bile duct is also
performed with reference to that for liver, i.e. includ-
ing arterial, portal, and late phases. In addition, the en-

144

&;‘s:i:eng"‘ WJR | www.wjgnet.com

40

Xu HX. CEUS in biliary system

Figure 2 Klatskin tumor. A: Base-
line ultrasound shows a hyperechoic
mass (arrow) in the hilar bile duct; B:
The lesion (arrow) shows homoge-
neous hyper-enhancement 14 s after
contrast agent injection on CEUS; C:
The lesion (arrow) becomes hypo-
enhanced 45 s after contrast agent
injection; D: The lesion (arrow) con-
tinues to be hypo-enhanced 126 s
after contrast agent injection.

hancement extent is compared with the adjacent liver
parenchyma. Since the lesion in the hilar region is always
small, the ROI can be zoomed to display the lesion and
the relationship between it and the surrounding vessels
more carefully. Simultaneous display of the contrast and
tissue mode is recommended to avoid loss of the target
lesion.

Klatskin tumor

The most common disease entity in the hilar bile duct
is hilar cholangiocarcinoma (i.e. Klatskin tumor). Trans-
abdominal US examination is the primary investigation
for suspected Klatskin tumor, which is highly sensitive
for confirming biliary duct dilatation, localizing the site
of obstruction and excluding gallstones. However, it has
a limited role in determining the nature of the obstruc-
tion and defining the extent of tumor involvement since
the Klatskin tumor is always isoechoic to surrounding
liver and the infiltrative nature of the lesion. The use of
CEUS in evaluating Klatskin tumor has been investigat-
ed. In comparison with the adjacent liver parenchyma,
the enhancement of the lesion was earlier (37.5%) or
simultaneous (50.0%), and only 12.5% enhanced later.
During the arterial phase, hyper-enhancement, iso-
enhancement, and hypo-enhancement wete visualized in
43.8%, 43.8%, and 12.4% of the lesions, respectively, on
CEUS (Figure 2). As to enhancement pattern, peripheral
rim-like hyper-enhancement, homogeneous enhance-
ment, and inhomogeneous enhancement were illustrated
in 9.4%, 34.4%, and 56.2% of the lesions, respectively.
During the portal and late phases of CEUS, 93.8% le-
sions appeared as hypo-enhancement and the tumor
margins became more conspicuous' .
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Xu et al'” compared the enhancement pattern of
Klatskin tumor between CEUS and CECT. They found
that the enhancement pattern of hilar cholangiocarcinoma
on CEUS was similar to that on CECT in the arterial
phase, whereas in portal phase hilar cholangiocarcinoma
was more likely to show hypo-enhancement on CEUS.
CEUS and CECT led to similar results when evaluating
portal vein infiltration. CEUS achieved a correct diagnosis
in 93.8% of cases whereas CECT was cotrect in 78.1%
of cases. No significant difference was found between
these two modalities in diagnosis of this entity. Therefore,
CEUS has potential to be a tool for characterization of
Klatskin tumor.

GALLBLADDER

The enhancement process of gallbladder lesions on
CEUS is classified as early phase (10-30 s after contrast
injection) and late phase (31-180 s after contrast
injection) since the blood supply of the gallbladder is
entirely arterial. The late phase persists for a short time
in comparison with that for the liver”.

Conventional grey-scale US is the first-line imaging
investigation for diagnosis of gallbladder diseases,
whereas it is insufficient to determine the nature of some
complicated gallbladder diseases. Most of the gallbladder
cancers present as either a solid mass that occupies
the whole gallbladder or as a focal polypoid lesion on
conventional US. However, some biliary sludge can
generate similar US images and no movement is found™”.
Focal or diffuse thickening of the gallbladder wall is also
a common, though nonspecific, US finding. Abnormal
thickness can be attributed to diseases such as acute or
chronic cholecystitis, benign or malignant tumor. The
differentiation between these will become difficult, which
is particularly true when the lesions fill the gallbladder or
more than two types of lesions are present in gallbladder
diseases. The insufficiency of conventional US is
largely due to the fact that it has low ability in depicting
vascularity in gallbladder diseases. CEUS can thus be
applied to overcome the limitations of conventional
US, since it can depict the hemodynamics in micro- and
macro-circulation”".

Gallbladder carcinoma

On conventional US, a solid mass that occupies the
whole gallbladder, a sessile polypoid mass, focal or
diffuse wall thickening, intralesional hypervascularity or
infiltration to adjacent liver may be found. On CEUS,
branch-like flow pattern or hyper-enhancement during
the early phase is always recognized (Figure 3). The
arterial branches supplying a gallbladder carcinoma tend
to show irregularly tortuous extension. A lesion with
tortuous-type tumor vessels on CEUS may be a clue for
gallbladder carcinoma'”. On the other hand, washout
of the contrast agent within 35-60 s after contrast agent
administration occurs in most gallbladder carcinomas,
which seems to be a useful clue for differentiation
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Figure 3 Gallbladder carcinoma. A: Baseline ultrasound shows an
isoechoic mass (arrow) in the gallbladder cavity; B: The lesion (arrow) shows
hypervascularity on color Doppler flow imaging; C: The lesion (arrow) shows
homogeneous hyper-enhancement 19 s after contrast agent injection on
CEUS; D: The lesion (arrow) becomes hypo-enhanced 34 s after contrast agent
injection.

between malignant and benign gallbladder diseases.
Gallbladder carcinoma is usually at an advanced stage
when it is firstly detected because it is asymptomatic
at early stage. The infiltration to the gallbladder wall
and the adjacent liver tissue is common. Accordingly,
destruction of the gallbladder wall integrity is also a
major sign of gallbladder carcinomas on CEUS"™.

Gallbladder adenomas

Gallbladder adenomas are relatively uncommon, with
an incidence ranging from 0.3% to 0.5% in gallbladders
removed by cholecystectomy. The lesions are polypoid,
protrude into the gallbladder lumen, and have lobular or
cauliflower-like surface. Ninety percent of gallbladder
adenomas are single, and 60% are associated with
cholecystolithiasis. Gallbladder adenoma appears on US
as a sessile polypoid mass, a lesion of an echogenicity
slightly greater or similar to the liver, with a smooth or
lobulated surface and a relatively homogeneous internal
texture, without infiltration to adjacent tissue. On CEUS,
homogeneous hyper-enhancement (78%) and iso-
enhancement (22%) during the eatly phase is found. In
the late phase, iso- (56%) and hypo-enhancement (44%0)
are visualized"”.

Cholesterol polyp

Cholesterol polyp shows a pedicle polypoid lesion, a
tiny echogenic spot or an aggregation of echogenic
spots within the lesion, with no or scarce vascularity
on conventional US. On CEUS, hyper-enhancement
is found in the majority (93%) of the lesions and the
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remaining 7% show iso-enhancement during the early
phase. In cholesterol polyp, almost normal-caliber
arteries taper normally and subdivide normally into small
vessels, and the lesion may show dotted- or branched-
type tumor vessels on CEUS. In the late phase, hypo-
enhancement is found in 64% and iso-enhancement in
36% of the lesions"”.

Inflammatory polyp

Inflammatory polyp is also a hypervascular lesion which
shows hyper-enhancement in the early phase on CEUS.
So far no data are available about its pattern in the late

phase on CEUS.

Adenomyomatosis

Adenomyomatosis shows focal or diffuse thickened wall,
multiple microcysts or comet tail artifact on conventional
US. On CEUS, the lesions shows hyper- (20%) or iso-
enhancement (80%) in the early phase and all the lesions
show hypo-enhancement in the late phase“gj.

Biliary sludge

Sometimes, motionless biliary sludge in the gallbladder
mimics gallbladder polypoid lesion or cancer on trans-
abdominal US. CEUS makes it very easy to differentiate
biliary sludge from other polypoid gallbladder diseases
on the basis of the finding of the absence of tumor en-
hancement. This means that evaluating the vascularity of
the abnormality may be more useful in defining sludge
than evaluating the lesion alterations induced by posture
change.

Cholecystitis

Chronic cholecystitis shows thickened wall and no
infiltration to adjacent tissue on conventional US and
CEUS. When the gallbladder cavity is filled with gallstone
or biliary sludge, it is always difficult to differentiate
chronic cholecystitis with thickened gallbladder wall
from gallbladder carcinoma with conventional US. The
intactness of wall is the criterion to differentiate these
two diseases. On CEUS, hyper- (86%), iso- (7%), and
hypo-enhancement (7%) of the gallbladder wall is found
in the early phase and all show hypo-enhancement in the
late phase!”.

Baseline US can provide a definite diagnosis in most
acute cholecystitis cases, while CEUS may enhance
the diagnosis of the complications such as gallbladder
perforation. It is easy to show the perforation site on the
wall by CEUS, which is visualized as a non-enhancing
area. Hypervascularization of the wall may be seen.
The hepatic surface of the gallbladder is drained by
vessels that communicate with adjacent hepatic veins.
Acute inflammation of the gallbladder can extend to
the adjacent liver parenchyma through this connection,
resulting in contrast enhancement of liver parenchyma
in acute cholecystitis.

CEUS may be able to help in differentiation between
acute and chronic cholecystitis. Adamietz ez al™ found
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that in 16/20 cases with histologically proven acute
cholecystitis, the gallbladder wall showed a strong
enhancement. Low enhancement was found in 4/20
patients with acute, and in 6/8 patients with chronic
cholecystitis. The gallbladder wall of 2/8 patients with
chronic inflammation and all patients (30/30) of the
control group showed no enhancement.

Differentiation between benign and malignant
gallbladder diseases

The value of CEUS in the differential diagnosis
of benign and malignant gallbladder diseases was
investigated by Xie ef al"™. The extent of enhancement
in the early phase did not achieve significant difference
between benign and malignant gallbladder diseases. In
the early phase at CEUS, hyper-, iso-, hypo-, and non-
enhancement were found in 84.8%, 9.1%, 6.1% and 0%
of gallbladder carcinomas, and 70.3%, 17.0%, 2.1%, and
10.6% of benign diseases, respectively. Pathologically,
gallbladder carcinomas, adenomas, cholesterol polyps,
and inflammatory polyps are supplied by arterial flow
from branches of the cystic artery. It is therefore not
surprising that both lesions show hyper-enhancement.
On the other hand, the blood vessel distribution
in the lesion may be helpful in differentiation, for
benign lesions often show dotted vessel enhancement
whereas malignant lesions often show tortuous vessel
enhancement.

Hyper- or iso-enhancement in the early phase and
then fading out to hypo-enhancement within 35-60 s after
contrast agent administration was found in the majority of
carcinomas and minority of benign lesions. Destruction
of the gallbladder wall intactness was absent in benign
diseases, whereas it was present in most carcinomas. It
was suggested that the CEUS features of washout within
35-60 s after contrast agent administration and destruction
of gallbladder wall intactness are highly suggestive of
gallbladder malignancy. CEUS is particularly useful in
differentiating gallbladder carcinomas and motionless
biliary sludge or chronic cholecystitis with thickened
gallbladder wall.

EXTRAHEPATIC BILIARY SYSTEM

Defining the enhancement process of the extrahepatic
system is complicated. The blood supply of the extra-
hepatic bile duct is entirely arterial. It is recommended
that the process is classified as early phase (10-30 s after
contrast injection) and late phase (31-180 s after contrast
injection). However, the enhancement extent of the up-
per extrahepatic bile duct can be compared with the liver
and the lower portion can be compared with the pan-
creas so as to facilitate the image interpretation.

Villous adenoma

It is not easy to differentiate villous adenoma in the
extrahepatic bile duct from biliary sludge since they
have similar echogenicity on conventional US. We have

December 31,2009 | Volume 1 | Issuel |



Xu HX. CEUS in biliary system

Figure 4 Extrahepatic cholan-
giocarcinoma. A: Baseline ultra-
sound shows an isoechoic mass
(arrow) in the lower portion of the
common bile duct; B: The lesion
(arrow) shows heterogeneous
iso-enhancement 13 s after con-
trast agent injection on CEUS;
C: The lesion (arrow) continues
to be iso-enhanced 56 s after
contrast agent injection; D: The
lesion (arrow) becomes hypo-
enhanced 107 s after contrast
agent injection.

reported a case of villous adenoma in the extrahepatic
bile duct that was successfully diagnosed with CEUS
before surgical resection™. On baseline US, the lesion
appeared as a homogeneously isoechoic mass filling the
bile duct from the confluence of the right and left hepatic
ducts to the distal common bile duct. No intralesional
flow signal was found on color Doppler imaging and
power Doppler imaging. On CEUS, the mass showed
homogeneous enhancement during the arterial phase,
thus confirming the neoplastic nature of the lesion.
The enhancement decreased gradually so that the mass
became hypo-enhanced during the late phase.

Extrahepatic cholangiocarcinoma

The extrahepatic cholangiocarcinomas may show hyper-,
iso-, or hypo-enhancement in the early phase of CEUS
and most of them show hypo-enhancement in the late
phase (Figure 4). The major role of CEUS in this regard
may be in distinguishing between tumor and debris or
stone without obvious acoustic shadowing.

CONCLUSION

In addition to transabdominal CEUS, CEUS can also be
performed intraoperatively. Intraoperative CEUS may
provide more details about the biliary diseases; however,
experience is limited® ", In summary, the application
of CEUS in the biliary system is under investigation and
needs further validation. CEUS may be indicated under
the following circumstances: (1) Where there is a need to
make a characterization of ICC; (2) For differentiation
diagnosis between ICC and other tumors (i.e. HCC or
liver metastasis) or infectious diseases; (3) For differen-
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tiation diagnosis between biliary cystadenoma and biliary
cystadenocatcinoma; (4) To detect any malignant change
in Caroli’s disease; (5) To depict the extent of Klatskin’
s tumor with great clarity; (6) To make a distinction be-
tween gallbladder cholesterol polyp, adenoma and pol-
ypoid cancer; (7) To make a distinction between chronic
cholecystitis with thickened wall and gallbladder cancer;
(8) For differentiation diagnosis between motionless
sludge and gallbladder cancer; (9) For differentiation di-
agnosis between common bile duct cancer and sludge or
stone without acoustic shadowing; and (10) In patients
who are suspected of having a drop of their PTCD
tube, UCA can be administered to through the tube de-
tect the site of the tube.
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Human prion disease is a rate, uniformly fatal progres-
sive neurodegenerative disorder, characterized by the
deposition of an abnormal prion protein (PrP) in the

Abstract central nervous system!''. The most common form of
Human prion disease is a rare, uniformly fatal neuro- ~ human prion disease is Creutzfeldt-Jakob disease (CJD)
degenerative disorder.Its precise pathogenesis is ob- and the whole nosologlcal spectrum has been further

scure. The clinical profile of the disease differs among  divided into four categories. (1) Sporadic CJD (sCJD)
its various forms. There are no definitive diagnostic arising from either a spontaneous PrP gene mutation or
tests (except for brain biopsy) or proven treatment. To from a stochastic PrP structural change to the abnormal

increase the clinical diagnostic sensitivity and specifi- form. The host codon 129 genotype and the molecular
city, three laboratory tests, including electroencepha- strain of the deposited prion agent affect the pheno-
logram, cerebrospinal fluid testing for 14-3-3 protein,  type!™?; (2) Tatrogenic prion disease, caused by infection
and magnetic resonance imaging, are currently used. (ption transmission) from medical (blood transfusion,

Additionally, proton magnetic resonance Spectroscopy,  human growth hormone) or surgical (corneal, dura ma-
positron emission tomography and single photon ey grafts) procedures'; (3) Variant CJD (vCJD) which
emission computed to_meraphy can provide mtere_St' is causally linked to bovine (cattle) spongiform encepha-
ing and novel results in the research of human prion lopathy prion agentﬂ—ﬂ. and (4) Inherited or genetic

disease. prion disease, caused by autosomal dominant PrP gene
mutations (such as E220k, P102L) or insertions (such as
ins144bp, ins24bp) on human chromosome 20", The
clinicopathological spectrum is further influenced by
polymorphisms at codon 129 of the PrP genell’?’].

The precise pathogenetic mechanism underlying the

Peer reviewers: Mario Mascalchi. MD. PhD. Professor neurological illness is at present obscure. The clinical
Radiodiagnostic Section, Department of Clinical Physiopathology, profile of the disease differs among its various forms.
University of Florence, Viale Morgagni 50134, Florence, Italy; Early ante-mortem diagnosis is challengingly difficult
Tarik F Massoud, MB, BCh, BAO, LRCPI, LRCSI, MA, MD, and no definitive diagnostic tests (except for brain

© 2009 Baishideng. All rights reserved.
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biopsy) or proven treatment modalities are available.
Most importantly, other potentially treatable diseases
including infectious, inflammatory, autoimmune, toxic,
and metabolic diseases should initially be excluded" ™.

In addition to abnormal PrP straining, the neuro-
pathological changes are characterized by neuronal loss,
. The initial
diagnostic suspicion of prion disease is clinical, usually

astrocytic gliosis, and spongiform change“’3

raised by various combinations of rapidly progtressive
cognitive impairment, psychiatric features, cerebellar
ataxia, myoclonus, visual disturbances, pyramidal or
extrapyramidal signs and terminal akinetic mutism®™",
However, significant clinical heterogeneity and different
phenotypes occur in all forms of human prion disease
[sC]D, vC]D, genetic and iatrogenic CJD (iCJD)], and

are paralleled to variations in neuropathology' ™.

DIAGNOSTIC LABORATORY TESTS

Three laboratory tests, including electroencephalogram
(EEG), cerebrospinal fluid (CSF) testing for 14-3-3
protein, and magnetic resonance imaging (MRI) are cur-
rently used to increase the clinical diagnostic sensitivity
and speciﬁcit}f[2’6’7], and have been included in the World
Health Organization (WHO) diagnostic criteria for
vCID™ and sCJD". The EEG, in around two thirds of
cases, may show progressive deterioration with the ap-
pearance of periodic sharp wave complexes the absence
of which does not exclude the dlagn051s . Also, these
EEG complexes may be present in other conditions,
such as hepatic encephalopathy, drug-heavy metals tox-
icity and Alzheimer’s disease, while they are absent in
vCID".

CSF 14-3-3 is a normal neuronal protein that is re-
leased into the CSF following neuronal damage, with
no specific connection to C]Dm. However, it shows a
surprisingly high specificity and sensitivity (around 94%)
to sCJD' and therefore it should be only valid in the
appropriate clinical setting. When this test is used in
unselected patients with rapidly progressive dementia,
false positive results can be found in 12% of them'"”.
Furthermore, fatal insomnia, a rare inherited form of
prion disease, does not increase the CSF levels of 14-3-3
protein, in almost all cases'"".

Over the past decade, the non-invasive nature of
MRI, the improved MR sequences used” and the
availability of clinical-imaging-neuropathological cor-

12,13 . . .
1211 "have all contributed to an increased im-

relations
portance of MRI in the diagnosis of human prion dis-
ease!'”, and have been included in the diagnostic criteria
for vCJD™. L Additionally, proton magnetic resonance
spectroscopy (MRS) positron emission tomography
PED" and single photon emission computed tomog-
raphy (SPECT)"" can provide interesting and novel but
sometimes puzzling results in the research of human

prion disease.
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NEUROIMAGING FINDINGS ON MRI

A symmetric high signal in the caudate and putamen is
typical on fluid-attenuated inversion recovery (FLAIR)
and diffusion weighted images (DWI) in sCJD"". More
recent reports have added to the above the significance
of “cortical ribbon” hyper-intensity, with a higher sen-
sitivity to DWI'" (Figure 1A and B). Nevertheless,
the findings in a comprehensive, multicenter interna-
tional study, strongly argue that characteristic MR le-
sion profiles may occur in each molecular subtype of
sC]D“ZJ. However, in another study, no abnormality on
any MR sequence was found, in 5 of 8 patients with
methionine homozygotes (MM?2 subtype)m. Although
the mechanism underlying the MR signal change is
controversial™, a recent small study found that appar-
ent diffusion coefficient (ADC) values, decrease with
increasing spongiform change (P < 0.001) and PP
deposition (P = 0.003) in deep gray matter'” and in-
creased signals in DWI are characterized by reduced
ADC values, which quantify regional water diffusion”
(Figure 1B and C). Serial DWI has shown that the ex-
tension of high signals increases with disease progres-
sion™, In contrast, initial hyper intensity disappeared
in the late disease stages™*”.

In iCJD, incubation periods range from months to
up to 30 years and the imaging patterns observed in
recipients seem to differ according to the type of donor
materials”. In human growth hormone recipients, bi-
laterally symmetric high signals can be observed in cau-
date head and putamen[z’m. Similar findings have been
reported in case reports of dura mater recipients””,
However, atrophy is the only imaging finding in larger
series of dural grafts™. In prion infection due to blood
transfusion from asymptomatic donors who later de-
veloped vCJD, the pre-mortem MRI is normal™ or the
pulvinar sign becomes evident as the disease clinically
progresses””.

In vCJD, bilateral symmetric high pulvinar signal,
as seen on T2 weighted imaging (T2WI), FLAIR (most
sensitive) and DWI has been included in the WHO
diagnostic criteria®™. When this pulvinar sign is associ-
ated with hyper-intensity in dorsomedial thalamic nuclei,
the “hockey stick” sign developsm (Figure 1F-H). The
above mentioned pulvinar or hockey stick signs are the
most consistent MRI findings in any human prion dis-
ease, possibly because only one molecular strain of the
disease has been found in VCJDD]. Finally, in confused
or agitated patients with their standard MR sequences
degraded by movement artefact, only DWI can provide
important diagnostic data” (Figure 11 and J).

In inherited prion disease, MR changes are non-
specific. However, imaging is required to exclude other
prion and non- prion diseases. Imaging reports indicate
normal ﬁndmgs

creased basal gangha signals™ (Figure 1D and E). Also,

|| cortical or cerebellar atrophy or de-
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Figure 1 MRI sequences of a patient with sporadic CJD (A-C), inherited CJD (D, E) and variant CJD (F-J). A: Axial T2 weighted image shows a mild signal
increase in the left putamen only; B: Axial diffusion weighted images (b = 1000) shows increased signals in both putamina and caudate nuclei (more on left than
right),along with cortical hyper-intensity (“ribbons”) in both insulae as well as in the frontal, temporal and occipital cortex; C: Apparent diffusion coefficient map dem-
onstrates reduced signals in the areas which were hyperintense on the DWI confirming restricted water diffusion in these regions; D: The coronal T1 MRI shows
supratentorial cortical and cerebellar atrophy in an inherited CJD case; E: MRI shows marked supratentorial atrophy with enlarged lateral ventricles accompanying
cerebellar atrophy with prominent enlargement of the fourth ventricle in another case with inherited CJD; F: Axial fluid-attenuated inversion recovery image reveals
the “hockey stick” sign, with hyper-intensity in the dorsomedial thalamic nuclei and pulvinar bilaterally in a patient with vCJD; G: Axial DWI (b = 1000) also shows
increased signals which are less marked than on FLAIR image; H: DWI acquired after 1 mo demonstrates progression of the signal change in the thalami; I: Limited
diagnostic value of axial T2 image is degraded by movement in a patient with vCJD; J: DWI (b = 1000) shows a high signal in the dorsomedial thalamic nuclei and
pulvinar in the same case as above (All the above images have been reproduced and adapted by permission from BMJ Publishing Group Ltd. Macfarlane RG, Wroe
SJ, Collinge J, Yousry TA, Jager HR. Neuroimaging findings in human prion disease. J Neurol Neurosurg Psychiatry 2007; 78: 664-670).

there is no evidence suggesting the most useful MR se- benefit obtained in the investigation of human prion
quences in the diagnosis of this inherited disorder”. disease. In general, PET reveals generalized hypome-
tabolism that is correlated with histological neuronal loss
FINDINGS ON PROTON MRS and astroglio.sism’33J along With sppngiform changesmj.
However, this hypo-metabolism is more pronounced
This non-invasive method is used to assess the spectra in the cerebellum and cortex than in the thalamus and
of several brain metabolites, such as N-acetylaspartate striatum"”, unmatching the distribution of lesions seen
(NAA), creatine and myo-inositol (MI) and to measure on MRI.
these compounds in both absolute values and ratios, in Accordingly, widespread hypoperfusion has been

specific brain regions[2’4]. Considering the NAA a neuro-
nal marker™, and MI a glial marker™, proton MRS used
as an additional tool along with other MR sequences
(FLAIR, DWI, T2WTI) is of value in the study of human
prion disease. Reduced absolute levels or ratios of NAA
and increased MI values, have been reported in sporad-
i variant™", iatrogenicm and inherited™ CJD. The

demonstrated using SPECT in all forms of human prion
disease”. The majority of sCJD patients reveal decreased
cerebral perfusion, including the occipital cortex, cet-
ebellum or the entire hemisphere!'”. Also, more regional
changes in petrfusion with SPECT can be detected in

eatly stages of the disease than MRI changesm.
i

pattern of these metabolic changes on MRS matches the
MRI findings on FLAIR, T2™ and DWI"Y, Neverthe-  CONCLUSION
less, important questions still remain to be answered.
A recent prospective MRS study' showed that the most
intense metabolic changes are observed in the thalamus
and cerebellum of prion patients (sCJD), while the stria-
tum and cerebral cortex are less affected, despite the
existence of positive T2 and DWI findings.

As different types of disease arise, changes in the neu-
roimaging patterns of human prion disease continue to
puzzle clinicians and researchers alike.

At present, the most consistent MRI change is the
pulvinar sign in vCJD patients. When the dorsome-
dial thalamic nuclei are involved, the “hockey stick”
sign provides additional clues™ ", Since bilateral high

PET AND SPECT FINDINGS signals are observed in the caudate and putamen, and

At present, the high cost of PET seems to outweigh the “cortical ribbon” hyper-intensity is found on DWI of
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sCJD patients“z’ﬁ’m, the diagnostic sensitivity of MRI

is further augmented. Newer imaging techniques, such
as proton MRS and SPECT seem to provide useful data

Future research should eventually aim at studying the
increasing number of “probable” prion cases, through
multicenter international studies, utilizing combined im-
aging modalities, such as serial DWI with MRS, SPECT
with MR perfusion imaging and MRI with iz vivo PET
probe to label prion plaques™ . Hopefully, this per-
spective will elucidate some of the debatable issues pre-
sented and the “mist” will start to resolve.
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Abstract

Traumatic thoracic aortic injury remains a major cause
of death following motor vehicle accidents. Endovascu-
lar approaches have begun to supersede open repair,
offering the hope of reduced morbidity and mortality.
The available endovascular technology is associated
with specific anatomic considerations and complica-
tions. This paper will review the current status of en-
dovascular management of traumatic thoracic aortic
injuries.
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INTRODUCTION

The treatment of aortic ruptute has significantly evolved
since Parmley’s landmark 1958 paper'!. Rather than
angiography followed by immediate open trepair, the
use of computed tomography angiogram (CTA), eatly
institution of B-blockade and pressure control to reduce
the risk of eatly rupture, and advances in techniques
including left heart bypass has allowed more selective
management of patients””. In addition, increasing use
of seat restraints appeats to be associated with less severe
aortic and associated injury, further enhancing survival.
Nevertheless, aortic rupture remains a leading cause of
fatalities, particularly after motor vehicle accidents'"”,

The incidence of traumatic aortic disruption vaties
from center to center. Looking at all trauma-related
mortality, blunt aortic rupture may be second only to
head injury as the primary cause of death. Despite this,
accepting that there are approximately 8000 cases/year
in the United States, and given that as many as 85% of
victims die at the scene, then only 1000-1500 cases/year
survive to be treated. In one of the largest contemporary
series, 274 patients were admitted to 50 institutions
over 2.5 years. If these cases were distributed evenly, the
average institution would have seen only 2.2 cases/ year''",
In practice some centers may manage 8-15 cases/year,
while the majority may encounter 1-2 at most.

Amidst this era of improved operative outcomes
and medical management, endovascular stent grafts
have become a possible third option. In North America,
the concept of thoracic endografting, as an extension
of abdominal endograft technology, was greatly
stimulated by the Stanford group“z’m. Their initial
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primary interest, and indeed the bulk of the literature
since, was with atherosclerotic aneurysms. We now
know that endografting is an attractive option that
can avoid the morbidity of a thoracotomy in patients
with multiple injuries, and that it appears to reduce the
risk of paralysism’lsj. Some centers have seen dramatic
improvements in outcome using the endovascular
approach!”?, In North America, currently 2/3 of blunt
aortic injury are managed endovascularly™. As with all
invasive procedures, there are specific complications and
anatomic considerations that need to be incorporated
into the planning of endovascular treatments of
traumatic thoracic injuries. The purpose of this paper
1s to compare outcomes of endovascular approaches
to open repair, review pertinent anatomy, imaging
techniques and approaches, and to discuss complications
and their management.

OUTCOMES OF ENDOVASCULAR
STENTS UTILIZED IN THE TRAUMA
SETTING

A number of series have been published which support
the notion that endovascular stents, in the setting
of traumatic aortic disruption, have low mortality
(predominantly related to associated injuries) and
essentially no risk of post-procedure paralysis. When
reviewing these data, it is important to consider the span
of time in which the experience was accrued (as stent
technology has changed significantly over the past few
years), recognize the difference between the acute (whether
defined as within 24 h of injury or a longer period) »s
chronic, and to consider what the indications for stent
grafting and contra-indications to open repair were. We
have selected those series published between 2002-2006
(11 reports), comprising 167 patients, the youngest being
16 years of age™'**?! These series ranged from 5 to
30 cases, over time periods ranging from 1 to 7 years.
Average follow up among the 10 series with at least
one year follow up was 24 mo. Virtually all stents were
industry made, although they varied between ‘dedicated”
thoracic stents to a variety of cuff extenders. There
were 7 (4%) deaths, 2 of which were procedure-related
(one collapse and rupture, one stroke). Type [ endoleak
occurred in 8 instances (4.7%), 2 healing spontaneously,
6 requiring further stenting and/or balloon dilation.
There were 2 iliac ruptures reported, and 3 (1.7%) cases
of acute stent collapse requiring operative intervention.
There were 2 cases of non-fatal stroke and 1 of brachial
occlusion requiring thrombectomy. These experiences, in
combination with an overall major non-fatal complication
rate (excluding endoleak) of 4.3% and mortality of 3.6%
justifies the excitement that endovascular approaches
have provoked in the management of traumatic aortic
rupture. Hershberger and colleagues summarized the
outcome of 811 patients among 109 publications. Overall
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technical success rate was 93.6% and mortality 9.5% (72
patients). Eight (1%) of the deaths were directly related to
complications of the endovascular procedure, of which
two were due to stent collapse, one of aortic enteric
fistula and others to continued hemorrhage despite stent
placementm.

In addition, endografts may also be used not as a
definitive repair, but in complicated cases as a “bridge”
to definitive treatment in selected patients who are not
suitable candidates for either operative repair or medical

[23,32]
management .

COMPARISON BETWEEN
ENDOVASCULAR AND OPEN REPAIR

It is inherently difficult to retrospectively compare two
techniques that are not necessarily applied to the same
patient population with respect to risk assessment,
operative experience and institutional biases. Each
center has sufficiently different patient populations
and management strategies to make it difficult to make
broad generalizations based on an individual study.
Again, recognizing that this is not a complete review of
all available works, we reviewed five papers, published
between 2004 and 20006, that specifically compared
outcomes within their respective institutions between the
2 approaches™ ' ****1 A total of 108 patients underwent
open repair. There were 15 deaths (14%) and 4 (4%)
cases of new post-operative paralysis. Ninety-three
patients underwent endovascular repair, 9 (9%) died and
no paralysis/paraplegia was observed. Only one death
was procedure-related among the stent graft group (acute
stent collapse).

An American Association for the Surgery of
Trauma multicenter study compared the outcomes of
endovascular »s open repair. One hundred and twenty-
five patients underwent endovascular repair with 20%
developing stent-related complications. Of 18 patients
(14%) with endoleak, 6 required open repair. Paralysis/
paraplegia occurred in 0.8% compared to 2.9% among
the 68 patients who underwent open repair. When
adjusted for extrathoracic injuries, hypotension and age,
endovascular repair had a significantly lower mortality
compared to open repair™”

Tang and associates presented the results of a meta-
analysis comparing the 30-d outcomes between 278
aortic ruptures managed surgically »s 355 managed
by endovascular means. There were no significant
differences in injury severity or age between the groups.
The endovascular group had significantly lower mortality
(7.6% w5 15.2%, P = 0.008), paraplegia (0% o5 5.5%, P <
0.0001) and stroke (0.81% w5 5.1%, P = 0.003) compared
to the open surgical repair cohort™,

These small comparisons demonstrate that when
feasible, at least in the population over 18 to 20 years,
endovascular repair appears to be associated with a
markedly lower paralysis rate than open repair, and
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length of stay may be reduced compared to open repair,
however, acute outcome is probably more related to
overall injury severity than approach. It further supports
the notion that across many institutions the acute
outcomes are as good as open repair, and probably
better, but that within institutions with good experience
of both approaches outcomes ate comparable.

ENDOVASCULAR REPAIR VS MEDICAL
MANAGEMENT

Institution of strict “anti-impulse” therapy should occur
once the diagnosis of aortic rupture is suspected™,
The “ideal” blood pressure depends upon the patient’s
age and presenting blood pressure. Until recently, the
goal was a systolic blood pressure of < 120 mmHg
and/or mean arterial pressure < 60-70 mmHg. More
recently it has been argued that a blood pressure of “less
than what the patient was admitted with” may be more
appropriate!" ™, When strict blood pressure control
is implemented, in stable patients, the risk of rupture
in the first week may be as low as 5% or less'”. Some
series have noted improved outcomes with both delayed
open and endovascular repair, but this may reflect some
selection bias”. Nevertheless, delayed repair has been
shown to be associated with improved outcomes, both
for open and endovascular approaches””.

Reasons for delaying operative intervention include
severe head injury, blunt cardiac injury, solid organ injury
and/or acute lung injury’™, In these instances, we have
favored serial surveillance imaging (usually with CTA)
every 48 h for 7-10 d, to detect any change in the size
or character of the lesion”. While the natural history of
residual pseudoaneurysms appears to follow those of
non-traumatic atherosclerotic aneurysms, these lesions
should not, especially in young patients, be considered
completely benign, and we favor early intervention as
soon as medically stable.

Tight medical control of blood pressure may not be
possible in every case. Many patients require other intetr-
ventions, and monitoring and controlling blood pressure
during these can be difficult. There are some hazards
including renal and splanchnic insufficiency, and second-
ary brain injury especially in the setting of increased

12,31 Although thete is some controversy

cranial pressure
as to the value of driving up cerebral perfusion pres-
sure, or assuming that an increased pressure translates to
improved cerebral perfusion, there is general consensus
that “high” pressure is associated with a lower risk of
secondary brain injury™ ™. Thus, closed head injury
associated with evidence of increased intracranial pres-
sute [by computed tomography (CT) and/or intracranial
pressure monitoring] may actually mandate operative or
endovascular repair. One significant advantage of endo-
vascular repair over both operative and non-operative
management is that after the stent is placed, in most
cases it is possible to allow blood pressure to normalize,
or even increase without the risk of bleeding or rupture.
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We caution that the risk of rupture, even with serial CT
angiography and tight hemodynamic control, is not zero.
Endovascular stents may be ideally utilized exactly in
these patients who cannot undergo open operative repair
because of significant co-morbidities.

The extent of injury may also impact the choice
between medical and endovascular management. Minor
aortic injuries, involving only small intimal defects,
often heal without residual defects'™*". However, even
small lesions can go on to rupture if blood pressure
is not controlled”. Thus, if blood pressure can be
reasonably controlled, and there are no contraindications
to medical management, small intimal defects should
be managed medically with close follow up. Even small
pseudoaneurysms, in some cases, have healed”. Thus,
while endovascular management appears to be an ideal
solution in patients with significant co-morbidities, and
who are judged to be at too high risk for prolonged
medical management, it is not clear that this approach
is better than medical management in patients with
minimal injuries. One simple guideline is that if the lesion
is minimal enough such that one would not consider
open operative repair, than one should not rush to
endovascular repair either.

ENDO-GRAFTS CURRENTLY AVAILABLE

The characteristics of an endograft designed for the
thoracic aorta, as opposed to the abdominal aorta, include
a long enough delivery system to reach the distal arch
from the femoral artery, and flexibility to accommodate
the curvature of the arch. There are variations between
different types of graft in how they deploy, whether or
not proximal and/or distal components are bare, whether
or not they contain hooks, and how they are actually
released from the constraining devices. In general, there
has been a shift away from deploying devices in aortic
trauma (and type B dissection) which rely on uncovered
proximal landing zones because of concerns of aortic
perforation™. An important consideration is that the
average young trauma patient has an aortic diameter in
the 20 mm range, which is too small for these devices
which were designed for older, atherosclerotic, aortas™,
Secondly, the use of endografts in the acute trauma
setting is considered to be “off label” by the Federal
Drug Administration (FDA) outside of trials. Currently,
there is only one device approved by the FDA for use
in the thoracic aorta, and then only for atherosclerotic
aneurysms.

The Gore-TAG"™ (WL. Gore & Associates, Flagstaff,
AZ, USA) is constructed from ePTFE, wrapped in
self-expanding nitinol stents which have a sutureless
attachment. These flares can be placed partially across
an orifice without occluding the orifice. The device is
introduced through a 30-cm sheath, the outer diameter
varying depending on the diameter of the graft.
The delivery catheter is fairly flexible and 100 cm in
length. The device is released by pulling a rip-cord that
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unlaces the constraining system with rapid (less than
a second) release starting in the center. This central
deployment prevents a “wind sock” effect and there is
rarely any need to critically lower blood pressure during
deployment to beyond normal ranges to prevent distal
migration. When advancing the catheter, there can be
built-up tension, and so the device should be advanced
just beyond the proposed landing zone and then brought
back into the proper alignment just before deployment.
One characteristic of the TAG device is that it rarely if
ever jumps forward. Rather, it may drop a millimeter or
two back (distally). In appropriately sized patients, the
TAG offers an exceptionally good approach due to its
flexibility and rapid deployment characteristics”"".

Two other companies, Cook and Medtronic, have
also been developing and refining endografts for use in
the thoracic aorta, and the early iterations, like the Gore,
have proven very useful in trauma patients in Europe,
Canada and Australia”"*>*%,

The Cook-Zenith TX2" (Cook, Bloomington, IN,
USA) is made of woven polyester fabric over stainless
steel Z-stents. The TX2 has a proximal form, which
has no bare stents but does have 5 mm long barbs. The
distal component does have a bare metal distal segment.
The proximal device can be uniform or tapered. The
diameters range from 28 to 42 mm (in 2 mm increments)
and the lengths vary from 120 to 216 mm. The tapered
form narrows at the third Z-stent and the distal diameter
is 4 mm less than the proximal. The sheaths are pre-
curved and 75 cm long. A 20 Fr sheath (OD 23 Fr)
is used for 28-34 mm stents, and a 22 Fr sheath (OD 25
Fr) for 38-42 mm endografts. Although it would be rare
to need it in the trauma setting, the TX2 is designed with
a distal component, to allow modification of the distal
portion of the graft to fit the anatomic requirements of
the distal landing zone. This portion has an uncovered
bare area. The device is unsheathed, but three trigger
wires continue to constrain the device, reducing any
“wind sock” effect, and allowing final careful positioning
before complete release.

The Medtronic Talent® Thoracic graft has recently
been released in Europe in a modified form, the Valiant®
(Medtronic, Santa Rosa, CA, USA). The Valiant differs
in that while it is still made of a low-profile polyester
monofilament material, the nitinol stents are on the
outside, and with two proximal configurations, one
covered and the other with 12 mm flexible bare
stents to allow adaptation to the aortic curvature and
greater fixation. In addition, there has been improved
conformability of the distal end which may be covered or
have a bare extension as well (FreeFlo). The Medtronic
company tends to recommend the FreeFlo model over
the covered proximal stent as the experience, at least
with non-traumatic aortic pathology, is that the increased
flexibility allows the uncovered portion to conform well
with the aorta, leading to better fixation. Like the Cook-
TX2, the Valiant comes in both a proximal and distal
(if needed) component, although with short lesions,
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the proximal component alone is often sufficient. Both
come in straight or tapered versions. The delivery system
involves an unsheathing maneuver. The device allows
retraction and repositioning to permit exact placement.
The Talent does come in a slightly smaller model than
the Valiant, 22 mm, which may be useful in aortas with
diameters of 18-19 mm diameter.

Because of the size constraints in the “typical” trau-
ma patient, and because the arch is often acutely angled,
some groups have used abdominal aortic cuff extenders
rather than dedicated thoracic aottic stent grafts[28’31’50].
These are not only smaller, but may actually fit the aortic
configuration of transected aortas better, albeit at the ex-
pense of needing multiple grafts, of an increased risk of
Type Il endoleak, and of having to use the shorter de-
livery system that is designed for the infra-renal aorta”"
The AneuRx® (Medtronic, Santa Rosa, CA, USA) cuff
extenders range from 20-28 mm diameter, are 4 cm long,
and are delivered through a 21 Fr catheter which is 59
cm long. The Gore-Excluder aortic cuffs® (W.L. Gore
& Associates, Flagstaff, AZ, USA) are 3.3 cm long, have
diameters of 23, 26 and 28.5 mm, and can be delivered
via an 18 (for the 23 mm device) or 20 Fr sheath which is
61 cm long. On occasion a contra-lateral limb or iliac ex-
tender from the abdominal aortic set may fit the specific
anatomic requirements.

Borsa and colleagues reviewed the anatomical features
of 50 trauma patients with documented traumatic aortic
rupture who underwent angiography[%}. The average age
was 37 years. The mean distance between the supetior
aspect of the injury and the origin of the left subclavian
artery was 5.8 mm along the inner curve and 14.9 mm
along the outer curve. The mean diameter adjacent to
the injury was 19.2 mm. The mean degree of curvature
from the left subclavian artery and the inferior aspect of
the injury was 54.0°. The mean length of the injury was
17 mm along the inner wall and 26 mm along the
outer wall. In addition, the injury involved 1/4 of the
circumference in 44%, 1/2 in 16%, 3/4 in 18% and the
complete circumference in 22%. Finally, 28% had a bovine
arch and 10% had aberrant origin of the left vertebral
artery from the arch proximal to the left subclavian artery.
The implications of this study are that given currently
available technology, at least half of patients will require
coverage of the left subclavian artery to obtain an even
minimally acceptable landing zone, and at least half or
more of patients will not be candidates for the TAG but
will require smaller diameter devices.

ANATOMICAL CONSIDERATIONS

Anatomic considerations are listed in Table 1. The initial
factor to be determined is the diameter of the proximal
and distal landing zones. Measurements are taken from
inner wall to inner wall. The diameter can be difficult to
assess in the distal arch, but one method is to measure
the transverse diameter at its widest point. In younger
adults the aorta is relatively uniform through the arch.
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Anatomical features to consider

Implications

Diameter of proximal and distal landing zones
Distance from lesion to origin of left subclavian
artery

Distance from lesion to origin of left common
carotid artery

Degree of curvature across the proximal
landing zone

Quality of the aorta

Quality of access vessels

Distance from proposed access vessel to the
lesion
Length of the injury

Determines size of endograft that can/should be utilized
Will obtaining an adequate landing zone require coverage of the left subclavian artery?

If required, is there room to land distal to the origin of the left common carotid artery? Will there

be room, if needed, to clamp distal to the origin or will circulatory arrest be needed if subsequent
operative repair is needed?

Is there a high likelihood that to avoid malposition along the inner curvature that the graft will have
to placed more proximally?

Is there significant thrombus and/ or calcification that would pose a risk of stroke or Type I endoleak?
Is the diameter sufficient to permit the required sheath? Are there more proximal calcifications
and/or tortuosity that might prevent safe passage of the sheath?

Does the system being used have sufficient length to reach the proposed site?

If using cuffs, how many may be required to ensure fixation

Vascular anomalies
artery?

Anomalous origin of left vertebral artery? Patent LIMA graft? Aberrant origin of right subclavian

Three-dimensional reconstruction and measurements
of the descending aorta just at the level of the main
pulmonary artery can help confirm estimations of the
proximal landing zone diameter. The stent graft diameter
should be approximately 10%-14% larger than the
landing zone diametets.

Because most transections occur in proximity to the
left subclavian, the next decision is whether to cover
the subclavian origin or not. Deploying the graft within
the distal curve (“grey zone”) of the arch may result in
partial occlusion of the aorta, increase the risk of stent
migration and/or collapse, and result in an endoleak.
The origin of the left subclavian artery can be marked
and both the “drop down” distance measured based
on the number of cuts of the CT, and the transverse
measurement should be estimated. Ideally at least 2 cm
of proximal and distal landing zone is recommended,
but in some younger patients, with otherwise normal
aortas, 1-cm has proven acceptable.

The proximal aortic landing zone and arch needs
to be reviewed to assess for the presence of significant
thrombus and/or calcification. Focal areas of calcification
can result in elevating a “lip” of endograft, resulting in
increased risk of proximal endoleak. Significant thrombus
increases the risk of stroke and distal embolization.

The length of the aorta that needs to be covered is
based on a minimum of a 2-cm landing zone. If using
cuff extenders, usually three will be required to provide
stability”"",

Having chosen the optimal size and type of endograft,
the next consideration is the length of the delivery device.
Commercial thoracic endograft delivery systems have
sufficient length to reach the entire thoracic aorta from
the femorals, but cuff extenders have delivery systems
of only 61-cm that may not reach from the groin to
the arch. Additionally, the quality and diameter of the
proposed access arteries need to be evaluated. The
diameter, angulation and degree of calcification should
be determined. Calcifications are better seen with non-
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contrast images. A non-calcified vessel may tolerate a
slightly oversized sheath, but a severely calcified vessel
may not accept a sheath that would be predicted to fit
based on size criteria alone.

PROCEDURE

Imaging

Because the majority of traumatic injuries are located
within 2 cm of the origin of the left subclavian artery,
they are in proximity to the arch. To visualize the
anatomy properly, the most “open” view of the arch
should be obtained. In younger patients, usually a left
antetior oblique view at the 60-90° range is requited. The
optimal angle can be estimated from the CTA. During
angiography, using a multi-marker pig tail catheter, one
can be confident that the optimal view has been obtained
when the marks are equidistant throughout the image.
This will facilitate the most accurate positioning of the
proximal graft and determine the length of coverage
needed.

Accessing either the brachial artery for angiograms
and or marking with a wire has been advocated by
some groupsm]. This can augment precise localization
of the graft relative to the origin of the left subclavian.
Alternatively, in patients with severe acute arch angulation,
placing a stiff wire from the right side may permit
“straightening” during deploymentm]. We have not used
the right brachial approach in the trauma setting, because
of concerns of dissection and/or stroke.

Patient positioning is critical. The arms can obscure
visualization of the relevant anatomy. Options include
abducting them above the head or placing a roll under
the left side to gain some 10°. If it is anticipated that
brachial catheterization will be needed, the arm should be
prepped out. Prior to prepping and draping the patient,
fluoroscopy in key anticipated views should be quickly
carried out to make sure that there are no leads in the way,
and that the arch can be easily seen without obstruction.
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General conduct of the procedure

Endovascular stent-grafting is an operative procedure,
and should be performed in a room designed with this in
mind, including sterile set up and laminar flow. It can be
performed in a standard operating suite, using portable
C-arm, but the image quality offered by multi-purpose
suites with fixed fluoroscopy units provides significantly
better resolution. General anesthesia with a single lumen
endotracheal tube is sufficient, but has been done under
sedation with local anesthesia in the rare stable patient.
A right radial arterial line for blood pressure monitoring
is optimal because the left subclavian may be covered or
the left brachial artery needed for access. Depending on
the angle needed to best visualize the arch, the arms may
need to be elevated above the head or a bump placed
under the left side. Prior to prepping, fluoroscopy should
be performed to ensure that no tubes, lines or boney
structures obscure the field. We have found it helpful
to place a 5- or 6-Fr sheath and multi-marker pigtail
catheter through the femoral artery opposite to the side
through which the device will be deployed. This permits
final angiographic marking with the non-deployed stent-
graft in place. It also allows access for completion pelvic
angiogram (although this can be done through the
sheath) and access for a balloon occluder in the event
of iliac rupture. Great care should be taken to avoid
air or atheroembolic. In obese patients, or those with a
weak pulse, ultrasound is very helpful in accessing the
common femoral artery, and avoiding areas of significant
plaque. After arterial access is established, 5000 U
of Heparin is administered, although it is possible to
avoid heparinization if there is concern for bleeding
complicationsm. A 5- or 6-Fr pigtail is advanced over
a floppy 3-] wire, and then the wire is exchanged for a
stiffer wire (such as an Amplatz or Lunderquist). The
location of the rear of the wite should be marked on
the table, so that any advancement or withdrawal can
be detected. The delivery sheath is then advanced under
constant fluoroscopic monitoring, usually in the AP view.
Ideally it should lie in the distal aorta. Once the device is
in the approximate desired location, the image intensifier
is rotated to the ideal angle, and angiography performed
with respirations suspended. Usually 20 mL of contrast/s
for 2 s is adequate. A “road map” can be obtained
and/or the landmarks marked with a felt pen. At this
point the stent graft is deployed. We prefer to withdraw
the pigtail used for angiogram below the stent prior to
deployment. With most devices, deployment is rapid, and
adenosine arrest is not needed. Hypertension should be
avoided. Using cuff extenders, we do prefer adenosine,
at least for the first graft, to avoid distal displacement.
When deploying cuffs, in general we have started distally,
which we believe helps stabilize subsequent more
proximal devices. Once the device(s) is/are deployed,
gentle ballooning, starting distally, is performed. When
using multiple devices, the ballooning should proceed
proximally, covering all areas of overlap. When deploying
cuffs, the balloons do occlude the aorta, and even the tri-

144

Jgn?s:iﬁm"* WJR | www.wjgnet.com

55

fasicular balloon when deployed across the curvature of
the aorta, can result in acute proximal hypertension and
grab the stent-graft. Ideally, in trauma cases, ballooning
can be avoided altogether. If needed, rapid inflation and
deflation with 1/3 contrats-2/3 saline solution prevents
significant hypertension. Vigorous over ballooning should
be avoided. The balloon should be withdrawn below
the stent, maintaining wire access, and a completion
angiogram performed. If there is a small endoleak or
if there is a lip of the graft not being apposed to the
inner curve of the aorta, repeat ballooning should be
performed. If this fails to eradicate the issue, extending
the graft with an additional module should be considered.
Larger balloons can catch along the edge of the delivery
sheath, but gently pulling the balloon and sheath beyond
the aorto-iliac junction usually allows the balloon catheter
to straighten out and be removed. The sheath is then
gently withdrawn to as close to the inguinal ligament as
possible (in the case of femoral access) and completion
pelvic angiogram vza the contra-lateral pig tail (or sheath
if one was not placed) performed.

Access

Access vessel choice depends upon the size of sheath
required for the chosen endograft, length of the delivery
system, quality and diameter of the arteries, and clinical
setting. Most trauma patients have healthy vasculature,
and thus slight mismatch can be tolerated between sheath
size and femoral diameter as long as there is no “tugging”
and the sheath advances easily under fluoroscopy. If
there is any concern, a contra-lateral sheath should be
placed so that balloon occlusion can be used in the event
of an iliac rupture during sheath removal. A variety of
devices have been utilized for percutaneous closures
with good results®". These devices are designed to
place intra-arterial sutures that are then tied down at
the end of the case” . The most common device used,
the Perclose® (Perclose/Abbott Labs, Redwood, CA,
USA), places two sutures at right angles to each other.
They are placed over a wire at the start of the case, and
in general, most clinicians prefer to tie them down over
a glide wire at the end so that if there is a failure of
closure a sheath can be re-introduced and a cut down
performed. There is an approximately 10%-20% failure
rate with these devices, which are designed generally
for sheaths smaller than those used during endografting
procedures. We have found that accessing the femoral
artery under ultrasound guidance permits us to be sure
we are indeed in the common femoral artery, and are
anterior to avoid areas of calcification or thrombus.
When using sheaths required for dedicated thoracic
stent grafts, we use two placed at 90° to each other.
Complications include infection, arterial thrombosis, and
pseudoaneurysm, and collectively occur at a rate of about
5%. There are no significant differences between the
5331 Percutaneous approaches can be performed
as quickly as a cut down if the operators have experience
but in emergency situations or if there are any concerns

devices

December 31,2009 | Volume 1 | Issuel |



Karmy-Jones R et a/. Endovascular approach to acute aortic trauma

regarding the quality of the femoral artery (calcification,
size efe.) then a cut down is safer. The groin incision
can be oblique, at or above the groin skin crease, or a
longitudinal incision. If there are extensive calcifications,
endografts such as the TAG have been advanced without
using the sheath, but this is not recommended because
the graft can catch on an edge and deploy prematurely or
be damaged. When withdrawing the sheath at the end of
the case, particularly if a percutaneous approach has been
used, it is critical that the blood pressure be monitored
for 2-3 min as any acute drop is pathognomonic of an
iliac rupture.

Retroperitoneal iliac exposure may be required if
using cuff extenders and the device is not long enough
to reach the location of the tear and/or if the femoral
arteries are too small and/or calcified to use. If there
has been pelvic trauma, using the side with the least
hematoma is desirable. The common iliac can be
accessed directly or a 10 mm silo graft is anastomosed
end-to-side. If the pelvis is deep, to avoid a problem
with angulation, the silo graft can be tunneled through
the lower abdominal soft tissue or indeed through the
femoral canal to the groin. Patients who have had prior
aorto-iliac grafts can be challenging because the iliacs are
often imbedded in scar tissue. The ureter should always
be mobilized antetiorly, avoiding dissection on both sides
to prevent devascularization. In the vast majority of cases,
the best that can be achieved is that enough dissection
of the iliac limb of the graft allows application of a
partial occlusion clamp or direct graft puncture. Having
completed the procedure, whether anastomosing to
graft or native vessel, the conduit is simply truncated and
over sewn as a patch. In some citcumstances, it may be
advisable to convert the conduit to an ilio-femoral artery
bypass. This allows a relatively easier access route for later
percutaneous interventions should the need arise.

Some patients may already have an open abdomen,
and in these cases direct infra-renal aortic access can be
used”". This would not be a good choice if there has
been visceral spillage.

ILLUSTRATIVE CASE STUDY

An 84-year-old male presented after a motor vehicle
accident with multiple deep facial lacerations, right hip
dislocation, and traumatic rupture of the thoracic aorta.
His history was significant for extensive coronary artery
disease and he had electrocardiographic and laboratory
evidence for ischemia »s blunt cardiac injury (new S-T
depressions and elevated cardiac troponin [ levels).
Because of his co-morbidities we elected to repair the
injury in the hybrid operating suite. The injury was very
close to the origin of the subclavian artery (Figure 1A).
To mark the origin of the subclavian, and because of
the short distance across an acutely angled neck, brachial
access was obtained to permit exact measurement and
allow access for stenting if required (Figure 1B). After
deployment, a Type 1 endoleak was noted (Figure 1C).
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Figure 1 An 84-year-old male’s injury was repaired in the hybrid operating
suite. A: Traumatic injury. There is one centimeter along the lesser curve in a
straight portion of the aorta that could serve as a landing zone, but much less
along the outer curve (straight line). The “no-man’s land” is indicated by the
stippled line, and would also act to destabilize the endograft if such a short
landing zone was accepted. Thus, we felt subclavian coverage was required;
B: Using the pig tail as a marker the exact location of the subclavian artery is
marked during all maneuvers; C: After deployment of a Gore-TAG® 31 mm x
15 cm (W.L. Gore & Associates, Flagstaff, AZ, USA). This length was
chosen to gain better distal stability because of the acute aortic curvature. A
Type I endoleak is noted. The proximal portion of the graft is in the “proximal
no-man’s land” of the ascending aorta and does not appose well against the
inner curve here; D: After gentle ballooning, the endoleak is obliterated and
although a lip still remains (arrow) the graft has improved apposition.

Gentle ballooning to push the inferior lip of the graft
into better apposition with the inner curve was successful
(Figure 1D). Completion angiogram demonstrated
retrograde filling of the subclavian without type II
endoleak, thus obviating the need for a kissing stent iz
the subclavian artery ot carotid-subclavian bypass. At
the end of the procedure his facial injuries were repaired
and the hip re-located. The patient was extubated the
next morning but spent 2 wk in hospital because of his
hip dislocation. At 9 mo follow up he is doing well with
no evidence of endoleak.

FOLLOW UP

The protocols for follow up are based on the various
clinical trials designed predominantly to evaluate thoracic
endografting for atherosclerotic aneurysms. Typical
guidelines include CT angiography at 48 h, discharge,
1-, 6- and 12-mo and then annually. These protocols are
designed to detect graft collapse, migration or persistent
endoleak with aneurysmal growth. To a large extent,
these guidelines were laid out because the cases involved
patients with diseased landing zones with a potential for
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ongoing dilation of the aorta. Obvious concerns include
following patients with renal insufficiency, as well as
the burden of a large number of radiation exposures.
Patients with renal insufficiency can be surveyed with
intravascular ultrasound, trans-esophageal echo, magnetic
resonance or even CT without contrast. The primary
concern is whether or not there is pseudoaneurysm
regression or growth. Simple chest radiography can detect
stent deformation or migration. For aortic transaction
cases we tend to obtain a CT angiography at 48 h, at 1
mo, at one year and then follow with chest radiographs.
When obtaining a CT' angiogram, it is important to make
sure that the study is performed in a uniform manner:
triphasic with unenhanced, enhanced and delayed images.
Indwelling pressure transducers, placed at the time of
abdominal aortic endografting, continue to be studied
and may, at least in select patients, provide a useful
alternative to serial imaging[ss].

We have not used antiplatelet agents for thoracic
aortic stent grafting. However, we treat these like any
other implant, and recommend antibiotic prophylaxis for
any invasive procedure (such as dental work).

COMPLICATIONS

Endoleak and endotension

In brief, endoleak can be categorized as Type [ (leak
around the proximal, A, or distal, B, ends of the graft),
II (leak form an artery feeding into the aneurysm sac),
Il (leak between components) or IV (failure of graft
integrity). Typically, distal Type I endoleaks are rare
in the trauma setting. These generally are found in pa-
tients with extensive atheromatous disease and dilated,
short distal landing zones. Proximal Type I endoleaks
occur in approximately 5% of cases' ", Persistent
Type | endoleak is associated with a risk of late rup-
ture™. The predominant mechanism in trauma patients
is the combination of a short landing zone and lack of
apposition along the inner curvature of the arch. Gentle
ballooning should be tried first. If this is not sufficient,
then extending proximally with another graft should fol-
low™”. Type 1 leaks that are visualized only on delayed
images immediately following deployment may resolve
following heparin reversal. We assess these at 48 h with
a repeat CT angiogram. Blood pressure should be con-
trolled with B-blockade during this period. Proximal
Type I endoleaks found on follow up imaging can usu-
ally be managed by repeat interventions. Significant leaks
seen at the time of implant or at follow up, that do not
respond to further ballooning or extension should un-
dergo operative repair. There have been attempts to coil
embolize the pseudoaneurysm in the hope that throm-
bosis will ensue, but clinically and experimentally this
does not appear to reduce the endotension and is associ-
ated with a risk of late rupture. Most Type I endoleaks
occur within 30 d, but occasionally can be found up to 2
years later, reinforcing the need for strict surveillance.
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Type II endoleaks should be managed based on
whether or not the left subclavian is the source. If it is,
coil occlusion of the subclavian, carotid to subclavian
bypass with proximal ligation or carotid subclavian to
carotid transposition should be performed. Left subclavian
arterial causes of Type II endoleak are less common in
the trauma setting than the more typical atherosclerotic
aneurysm case where there is circumferential dilation and
the subclavian is more likely to feed into the aneurysm.
Type II endoleaks believed to be secondary to patent
bronchial or intercostal arteries are more problematic, but
again are less problematic in the trauma setting as there are
fewer branches in the proximal descending thoracic aorta.
Some investigators believe that these are more benign
than in the setting of abdominal endografting, and that
in the majority of cases they will seal spontaneouslym.
Rarely a branch vessel can be accessed and coiled using
micro-catheter techniques.

Type I endoleaks represent a leak between endograft
components, and thus would be expected to be seen
predominantly when cuff extenders are used, particularly
if deployed along the curvature of the distal arch/
proximal descending aorta. These are usually seen at the
time of implant, and are managed by repeat ballooning
and/or deploying another cuff across the site of the leak.

Type IV endoleak has not been described to our
knowledge in the trauma population but implies a gen-
eral failure of the graft material. Endotension refers to
persistent pressure within an aneurysm or pseudoaneu-
rysm without a documented endoleak. Clearly, if there
is a source that can be defined it should be addressed.
If no soutrce is identified, but there is continued aneu-
rysm growth, most surgeons would opt for operative
repair rather than re-endografting. There is debate about
whether absence of regression without growth repre-
sents evidence of endotension. Regardless, this does
not appear to be a concern in the majority of trauma
patients, and our own bias is that if the pseudoaneurysm
is completely thrombosed following endografting, then
routine follow up is all that is required.

Stent graft collapse

This is a catastrophic complication that can occur
immediately, or within the first 48 h, but it has been
seen up to 3 mo post procedure®’. Tt is felt that this
represents a combination of graft oversizing and a lack of
apposition along the inner curve of the aorta'’. In young
hyperdynamic aortas, with their degree of pliability, the
force of the cardiac ejection that hits the underside of
the graft causes collapse of the graft. This usually leads
to immediate aortic occlusion and possibly rupture. If
this occurs post-implant, the patient will develop signs
of acute coarctation, and the rapid onset of paralysis
and renal failure can occur. This may not be immediately
apparent if the patient is still on the ventilator and sedated.
Alternatively, the collapse may only occur in systole, and
require fluoroscopy for detection'®. Prevention includes
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very accurate sizing, choosing a graft that approximates
a 10% oversizing rather than 20%. It is also important to
plan pre- and intra-operatively to avoid landing in the “no
man’s land” of the aorta. If the proximal portion of the
graft is not apposed or at least close to the inner curve,
particularly if there is only a short zone of apposition,
perhaps less than 50%, then options include extending the
graft proximally and/or repeat ballooning”’. Uncovered
bare metal stents deployed within the stent graft have
also been used both acutely and when collapse occurs
in a delayed fashion. There has been some concern that
these bare stents may either erode over time through
the graft fabric or create proximal aortic perforations'™.
There is not enough data to determine the real risk of this
occurring, but theoretically a short bare stent will conform
more closely to the aortic curvature than a bare proximal
portion that is secured to an endograft and has reduced
flexibility. Across the country there have been numerous
anecdotal reports of bare stent extenders being used for
proximal partial or complete collapse with good short
term results. There is growing consensuses that perhaps
cuff extenders, which may be deployed sequentially and
thus fit the curvature of the aorta better, may prove to
perform better than longer thoracic stent grafts in patients
with aortic diameters smaller than 24 mm.

If stent graft collapse occurs post-operatively, it can
often be detected by plain chest radiography, or by non-
contrast CT. Immediate intervention is required. If
complete collapse has occurred, explanting and operative
repair is prudent, but ballooning and extending the
device with a bare stent has been used with success"".
Anecdotally, axillary-femoral-femoral bypass has been
used as a temporizing measure, but ultimately the stent
must be removed.

Subclavian occlusion

Coverage of the left subclavian artery origin with
subclavian to carotid bypass or transposition raises the
question of arm ischemia, vertebral-basilar insufficiency
and/or type I endoleak. Critical arm ischemia is rare,
affecting less than 2% of patients, and if it occurs can
be managed electively in most cases! 700 Type II
endoleak arising by back flow into the pseudoancurysm
is also uncommon as most tears arise from the inner
curve. Should a Type II endoleak occur, or if there is
concern regarding this prior to the procedure, the left
brachial artery can be accessed and once the graft is
deployed, the subclavian can be coiled or closed with a
peripheral closure device!™. Vertebral steal phenomenon
can also be addressed electively[()()]. Patients with patent
left internal mammary grafts should undergo carotid-
subclavian bypass prior to left subclavian coverage!™*".,
If the proximal landing zone is felt to encroach upon the
origin of the left subclavian, but complete coverage is not
required, it is possible to access the left brachial artery and
leave a wire in the arch, which allows precise placement
of the device and can permit stenting of the subclavian
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Stroke
Stroke remains the “Achilles heel” of thoracic endo-
grafting, occurring at a rate of 3%-5% of cases'”’. In
the trauma population the incidence is lower, at 0%-2%
depending on the series!
vertebral artery is one cause. There is some data that an
aberrant vertebral artery arising from the arch directly
may be more likely to be a major source of postetior cit-
culation, and in these cases we are more apt to perform
vertebral transfer first. In older patients, arch thrombus
is a concern for its embolic risk. Manipulation with the
stiff wire across the arch can cause embolization. This
has not been demonstrated in the trauma population to
our knowledge, but should it happen, theoretical options
include immediate cerebral angiography and if there is a
definitive lesion, intervention with catheter-based tech-
niques. Finally, inadvertent guide wire advancement into
the carotid, or air embolism because of a loose connec-
tion, can result in cerebrovascular events. Whenever a
catheter is proximal to the left subclavian artery, meticu-
lous de-aiting of the catheter and equipment is manda-
tory. Wire position should be monitored and stabilized
at all times. Never advance a catheter or wite blindly.
Impeding the flow to the left vertebral may pose a risk
of posterior cerebellar circulatory insufficiency or stroke.
In our experience, this has never happened in the younger
population, but we are concerned in older patients with
diffuse vascular disease. Assessing cerebral circulation
is clearly difficult under emergent conditions. Anatomic
assessments can be made by CT-angiography or MRA of
the head and neck, or cerebral angiography either prior
to placement or at the time. We have found trans-cranial
doppler to be a useful adjunct. If the basilar artery and
the posterior communicating artery can be seen, then
flow from both vertebral arteties, the basilar arteries and
postetior communicating arteries can be measured while
temporally occluding the origin of the left subclavian
artery with an occlusion balloon. Carotid-subclavian
bypass is generally well tolerated, but some investigators

have noted an increased stroke risk when this is performed
[66,67]

| Occlusion of a critical left

in patients with atherosclerotic aneurysmal disease
This may be related to the increased degree of calcification
in this older population, and may not apply to the younger
trauma patient. Demonstrating intact vertebral-basilar
flow upon left subclavian occlusion precludes the need for
prophylactic subclavian bypass or transposition'.

Embolization

Distal embolization is more of a concern in older patients
with diffuse atheromata. Rarely, a traumatic injury can
present with thrombus arising from the injury site. In any
patient where there is a recognized risk that wire or device
manipulation might cause distal embolization, one should
be prepared to perform distal angiography and to record
distal pulses at the start and end of the procedure.

Bronchial obstruction
Grafts placed in the mid descending aorta have rarely
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been associated with compression of the left main
bronchus" ™). This may be detected on follow up CT
or chest radiograph, bronchoscopy for other reasons,
or clinically with new onset asthma. The optimal
management is open repair of the aorta and explanting
the device when medically feasible. Bronchial stenting
has been used but in our opinion will predispose to the
development of aorto-bronchial fistula"".

Implant syndrome

Occasionally patients will experience persistent or new
back pain, fever, malaise and/or a flu-like syndrome fol-
lowing implantation. This has been reported more com-
monly with abdominal aortic endografting, but Rousseau
and associates found it in neatly 1/5 of their series”™ ™",
It is not clear whether the back pain is due to residual
endotension, inflammation secondary to thrombosis in
the excluded aorta and/or a systemic inflammatory re-
sponse to the graft. Repeat CT angiography is required
to rule out a complication, but the presence of elevated
erythrocyte sedimentation rate, with or without leukocy-
tosis, and a normal CT suggest the diagnosis. Many pa-
tients will also complain of various degrees of pleurisy.
This condition is self-limited, usually resolving within 7 d,
and can be treated with anti-inflammatory medications.

Dissection/rupture

Free rupture can occur at any time. Prevention is strict
blood pressure control, particularly during periods of
transfer or other procedures that might acutely elevate
the heart rate and/or blood pressure. At the time of
initial wire passage, great care should be given to watching
the wire advance. If there is difficulty negotiating the
aortic curvature or there is narrowing at the injury site, a
directional catheter such as a vertebral and/or hydrophilic
catheter can be invaluable.

There have been cases of delayed or immediate
rupture after the graft has been deployed. Endografts
which feature a bare metal proximal extension have
been implicated in perforating the aortic wall™. Even
covered grafts which do not have this feature have been
implicated if there is poor apposition of the aortic
wall with resultant motion against the wall. All three
dedicated thoracic endografts discussed here have been
implicated in acute or delayed perforation with/or
without dissection, at least anecdotally, in the non-trauma
experience. Proper graft sizing is essential to facilitate
good graft-aortic apposition.

Proximal dissection has also been documented. One
mechanism is that during ballooning of the proximal
cuff, the ends of the graft can create a dissection flap
that rapidly progresses retrograde. To avoid this, initial
ballooning should be as gentle as possible, just enough to
document profiling of the balloon along the side of the
graft. Ballooning should only be done within the graft.

Migration
If the proximal landing zone is not long enough, and
the aneurysm itself is large, stents can migrate distally.
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This may be detected on routine chest radiography, or
may present with a new endoleak. In younger patients, as
aortic growth occurs, an endograft may loose its fixation.
If this should occur, options include both operative
explanting and grafting, or proximal extension with
another endograft. This is one of the reasons that life-
long surveillance is necessary.

Paralysis

The risk of paralysis with endografting in the trauma
setting has not been demonstrated in recent series. This
is presumably because in the vast majority of cases only a
short segment of the proximal descending aorta is covered.
However, based on experience acquired from treating
atherosclerotic aneurysms, there may be uncommon
circumstances (such as treating a chronic post-traumatic
aneurysm in an older patient) where there is increased risk.
The major risk factors include covering more than 20 cm
of aorta and prior abdominal aortic procedures. These
risks are enhanced if the left subclavian must be covered,
or if there is extensive iliac disease with hypogastric
occlusion. In the elective setting, placement of a lumbar
drain and allowing increased pressure after the endograft
procedure can both reduce the risk of paralysis or, in as
many as 1/3-1/2 of patients who do develop neurological
changes, reverse the spinal cord ischemia™"™. Clearly this is
not a viable option in most acute trauma settings, but may
be considered in delayed or elective settings.

Other long term complications

Aortobronchial and/or aortoesophageal fistula have
been reported years after endograftingm’m. Sayed and
colleagues reviewed 1518 cases reported in the literature
of thoracic endografting (primarily for non-traumatic
thoracic aneurysmal disease) and found 6 cases (0.4%)
of thoracic graft infection, paralleling the experience
with abdominal graftsmm. The primary risk factors were
other intravascular sources of infection. Surgical man-
agement was associated with a 16% mortality compared
with 36% with medical management alone. Any evidence
of aneurysmal changes or persistent bacteremia should
prompt consideration for surgical intervention.

THE PEDIATRIC AND ADOLESCENT
PATIENT

Endovascular aortic stent grafts are not commonly used
in pediatric and adolescent patients'”. These patients
usually have aortas that are too small for currently avail-
able devices, will likely grow and the lack of long term
durability has greater significance in this population.
Rarely, an endograft has been used as a “bridge to defini-
tive treatment” in patients who cannot undergo opera-
tive repair initially™.

FUTURE TRENDS

Endograft technology is continuing to evolve, but perhaps
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even more significant, experience and longer follow up
data is also beginning to accrue. Branched grafts are
beginning to be designed for both arch and abdominal
visceral vessels. Specific for the trauma population,
a variety of grafts which are shorter, pre-curved and
smaller are being developed which will allow more precise
deployment and potentially reduce complication rates.

CONCLUSION

Endovascular repair of the traumatically injured thoracic
aorta has emerged as an exceptionally promising modality
that is typically quicker than open repair, with a reduced
risk of paralysis. There are a specific set of anatomic
criteria that need to be applied, which can be rapidly
assessed by the CT angiogram. The enthusiasm for
endovascular repair must be tempered by recognition
of the complications and lack of long term follow up,
particularly in younger patients. Surgeons who are skilled
in open aortic repair must not only be involved, but
should take on a leadership role during the planning,
deployment and follow up of these patients'". Familiarity
with all of the available devices expands treatment
options. As more specific devices become available, and
more follow up is accrued, the role of endovascular
stents will continue to grow.
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Abstract

Endovascular stent graft repair of abdominal aortic
aneurysm (AAA) has undergone rapid developments
since it was introduced in the early 1990s. Two main
types of aortic stent grafts have been developed and
are currently being used in clinical practice to deal
with patients with complicated or unsuitable aneurysm
necks, namely, suprarenal and fenestrated stent grafts.
Helical computed tomography angiography has been
widely recognized as the method of choice for both
pre-operative planning and post-operative follow-
up of endovascular repair (EVAR). In addition to 2D
axial images, a number of 2D and 3D reconstructions
are generated to provide additional information about
imaging of the stent grafts in relation to the aortic
aneurysm diameter and extent, encroachment of stent
wires to the renal artery ostium and position of the
fenestrated vessel stents. The purpose of this article is
to provide an overview of applications of EVAR of AAA
and diagnostic applications of 2D and 3D image visu-
alizations in the assessment of treatment outcomes of
EVAR. Interference of stent wires with renal blood flow
from the hemodynamic point of view will also be dis-
cussed, and future directions explored.

© 2009 Baishideng. All rights reserved.
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ENDOVASCULAR REPAIR (EVAR) OF
ABDOMINAL AORTIC ANEURYSM (AAA)-

TECHNICAL DEVELOPMENTS

EVAR of AAA has been confirmed as an effective alter-
native to open surgery due to its lower invasiveness and
reduced morbidity and mortality, and lower overall treat-
ment cost'"?. Since its first introduction into the clinical
practice in 1991, endovascular stent grafting has been
widely used in clinical practice with satisfactory results
being achieved" ™. Over the last decade, the technique
of endovascular stent grafting has progressed rapidly
following an improved understanding of the strengths
and limitations of various devices and treated patient
populationsl}él. Application of this technology is still
limited to patients with suitable proximal and distal seal-
ing zones. It is estimated that up to 40% of patients are
unsuitable for conventional infrarenal EVAR as compli-
cated aneurysm necks prevent the patients from being
candidates to receive treatment with placement of stent
grafts infrarenally due to inadequate sealing zones in the
aneurysm neck™”,
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Unfavorable aneurysm necks (neck length less than
10 mm, severe angulation > 60°, and sevete calcification
or presence of thrombus in the aneurysm neck) remain
challenging for conventional infrarenal EVAR, and this
has been addressed by using suprarenal and fenestration
endovascular technjquesﬁ’lo]. Currently, helical computed
tomography (CT) angiography is the preferred method for
assessment of suprarenal and fenestrated stent grafting
due to its rapid technical developments, which allow
for ac%lllilglition of high spatial and temporal resolution

In addition to CT imaging, ultrasound and magnetic
resonance imaging (MRI) are other two imaging
modalities that play an increasing role in follow-up of
EVAR of AAA. Ultrasound is less expensive and does
not involve ionizing radiation or potentially nephrotoxic
contrast'™*, Several studies reported the usefulness of
contrast-enhanced ultrasound, because it seems to allow
better identification and characterization of endoleaks"*"".
Particularly, contrast-enhanced ultrasound was found to
detect a low-flow endoleak classified as endotension on
the basis of triple contrast-enhanced CT",

MRI is less commonly used than CT and ultrasound
in clinical practice for follow-up of EVAR of AAA. This
is mainly due to the fact that aortic stent grafts must be
MR compatible. Patients with stainless steel devices are
unable to be followed with MRI because of the significant
metallic artifacts caused by the stainless steel components.
The use of MRI for surveillance of EVAR has been
evaluated with good results"”" in patients with nitinol
endografts. Given the fact of lack of availability, long
scanning time and cost issue, MRI is not routinely used in
EVAR of AAA. MRI is particulatly useful in patients with
renal impairment.

In the current clinical practice, CT and ultrasound
are both used collectively as follow-up imaging tools,
especially in the eatly follow-up periods. Our experience
showed that when the aneurysm sac started to shrink it is
reasonable to move from CT to ultrasound, reserving CT
for patients with suspected aneurysm sac re-enlargement
or presence of endoleaks™.

SUPRARENAL FIXATION OF STENT
GRAFTS-TECHNICAL DETAILS

Suprarenal fixation of stent grafts represents a technical
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Figure 1 Suprarenal stent grafts with barbs and hooks
on the top of uncovered suprarenal component. Views
from top (A) and lateral (B) aspect of a commercially
available Zenith stent graft.

modification to conventional infrarenal stent grafts by
adding an uncovered suprarenal component on top of
the graft material. This allows for proximal fixation of
stent grafts with aim of reducing the migration of stent
grafts after deployment, thus decreasing the incidence of
procedure-related complications, mainly type I endoleak
or stent graft migration[5’6]. Attachment may be im-
proved by adding hooks and barbs to the proximal stent
(Figure 1)***!. Tt was reported that stronger fixation could
be provided by batbs that perforate the entire aortic wall,
enhancing the strength of stent-graft fixation by at least
10 fold®", Clinical studies have shown that suprarenal fixa-
tion of stent grafts were successfully used to treat patients
with suboptimal aneurysm necks with satisfactory results
achieved based on short to mid-term follow—up[s’é’z‘r”m,
although the long-term safety of this technique is yet to
be proven. The main difference between conventional
infrarenal and suprarenal stent grafting is the addition of a
suprarenal component on top of graft material and pres-
ence of suprarenal stent wires in front of the renal artery
ostium, which could affect the renal artery perfusion or
renal function”?, Accurate assessment of the configu-
ration of suprarenal stent wires in relation to the renal
artery is clinically significant, and this is highly dependent

on medical image visualization and assessment.

FENESTRATED STENT GRAFTS-
TECHNICAL DETAILS

Fenestrated stent grafts represent another technical
improvement for treatment of patients with complicated
aneurysm necks, especially in patients with short aneurysm
necks (less than 10 mm). The principle of fenestrated
stent grafting is to create an opening in the graft fabric
to accommodate the otifice of the blood vessel that is
targeted for preservation”o’zg’zg]. In most situations, fixation
of the fenestration to the renal and the other visceral
arteries such as the celiac axis and mesenteric artery can
be achieved by implanting bare or covered stents across
the graft-artery ostia interfaces. This ensures the stability
of stent grafts and guarantees the fenestrated stents are in
the correct position in relation to the fenestrated branch
vessels. Normally about one-third (5-8 mm in length)
of the fenestrated stents protrudes into the abdominal
aorta, while the remaining component remains inside the
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Figure 2 2D axial images in a patient treated with suprarenal stent graft. The aneurysm was successfully excluded from the systemic circulation (A), and the

suprarenal stent struts were placed above the left renal artery (B).

Figure 3 Contrast enhancement was present outside the stent graft but
within the aneurysm sac indicating the endoleak (arrow) in a patient with ab-
dominal aortic aneurysm (AAA) following suprarenal fixation of stent graft.

fenestrated arteries. With stents in position, a balloon is
inflated to position the stent within the renal and other
visceral arteries and begins the flare. This is performed to
dilate the fenestrated vessel stents and ensure their fixation
against the aortic wall and main body of the stent grafts. It
is a routine procedure to perform completion angiography
with the aim of confirming normal perfusion of renal
arteries and exclusion of the presence of endoleak.

The types of fenestration used in fenestrated repair
include scallop (standard and double width scallop) fenes-
tration, and large and small fenestrations””. Fenestrations
are constructed to match the aortic ostial diameter and
maximize the sealing zone. Small fenestration has a width
of 6 mm and a height between 6 and 8 mm. The ostia
for small fenestrations are placed between stent struts of
the aortic device, to allow unrestrained access into the
visceral artery. Large fenestrations have greater diameters
between 8 and 10 mm, with a strut crossing the fenes-
tration. Standard scallop fenestrations have a minimum
width of 10 mm and a height range of 6-12 mm, while
double width scallop fenestrations are 20 mm X 20 mm.

2D IMAGE VISUALIZATIONS

In addition to conventional 2D axial images, a number
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Figure 4 2D axial images show the small fenestrated stents inserted
(arrows) into the bilateral renal arteries.

of 2D and 3D reconstructions are generated to provide
additional information which is required for accurate
evaluation of the spatial relationship between suprarenal/
fenestrated stent wires and aortic branches”™ . Of these
reconstructed visualizations, multiplanar reformation
(MPR), maximum-intensity projection (MIP), and
volume rendering (VR) are the most commonly used
tools in clinical practice. Another 3D visualization, virtual
intravascular endoscopy (VIE) which is a unique tool for
providing intraluminal views of the artery wall and stents
has been reported to be valuable in the assessment of
both suprarenal fixation of stent grafts and fenestrated
repair of AAAP*,

Conventional 2D axial imaging is the routine im-
age visualization for follow-up of EVAR of AAA.
Axial images are useful for detection and measure-
ment of the aortic aneurysm diameter and extent,
identification of the position of aortic stent grafts
(Figure 2), detection of post-procedural complications
such as endoleaks (Figure 3), patency of the stents in-
serted into the fenestrated vessels (Figure 4), and pro-
trusion of the fenestrated stents into the aortic lumen
(Figure 5). However, 2D axial images cannot provide the
3D relationship between stent grafts and aortic branches,
which is the main limitation. Another limitation of the
2D axial images lies in the fact that 2D axial views do
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Figure 8 Computed tomography
(CT) coronal maximum-intensity
projection (MIP) clearly demon-
strates the high-density stent
wires and contrast-enhanced
blood vessels.

Figure 5 A large fenestrated stent was inserted into the superior mesenteric
artery with an intraluminal protrusion (arrow).

Figure 6 Sagittal multiplanar reformatted
image shows the stent graft was placed
below the celiac axis (short arrows) and
SMA (long arrows).

Figure 9 A stent graft migration of 10.2 mm was noticed in a recent sagittal
MIP image (B) in a patient treated with suprarenal stent graft 3 years ago (A).
Short arrows indicate celiac axis, while long arrow refer to SMA.

all size changes of the aneurysmm’38]. Thus, accurate
evaluation of the aneurysm and stent grafts relative to
the aortic branches cannot be assessed based only on 2D
axial images. This is complemented by 2D or 3D recon-
struction visualizations.

MPR is commonly used to demonstrate the stent
grafts relative to the aortic branches through different
views, such as coronal and sagittal reformation (Figure 0).
Curved planar reformatted images are generated to look
at tortuous vessels as these are useful for visualization of
the stent grafts position inside the abdominal aorta, as well
Figure 7 Curved planar reformatted images are produced following the as the intraluminal portion of suprarenal and fenestrated
centreline of the abdominal aorta to demonstrate the fenestrated renal stent stents (Figure 7). However, the intraluminal appearance
(arrows in A) and_ the intra-aortic portion of fenestrated stent deployed into of the suprarenal stent wires in terms of encroachment
the SMA (arrows in B). .

to the renal artery ostium and fenestrated stents cannot
be cleatly visualized on MPR views. Moreover, a seties of

not provide accurate measurements of aneurysm length MPR images are required for demonstration of the entire
which is essential for pre-operative planning and aneu- volume dataset as individual MPR views cannot provide
rysm volume which is useful for follow-up. Traditionally, all of the anatomical details, which is the main limitation
the preferred imaging method for surveillance of EVAR of this visualization tool.

of AAA is CT angiography, which involves a series of For CT angiography of aortic stent grafting, MIP
maximal diameter measurements of the aneurysm at is the most valuable visualization tool as it produces
regular periods of follow-up, and determining whether angiography-like images which clearly shows the high-
the aneurysm is shrinking, enlarging, or remaining un- density aortic stents and contrast-enhanced arterial
changed. This has been challenged by some studies branches (Figure 8). As a less invasive technique compared
which demonstrated the inaccuracy of diameter mea- to invasive angiography, CT MIP was shown to be more
surements” ™. Studies showed that volume measure- accurate for measurement of stent graft migration than
ment is supetior to diameter measurement as it reflects conventional 2D images®™ (Figure 9). CT MIP is a
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Figure 10 Volume rendering
(VR) image demonstrates the 3D
relationship between fenestrated
renal stents (red color) and aortic
branches (green color). Bones
are coded with white color.

Figure 11 Virtual intravascular
endoscopy (VIE) shows the
left renal ostium (short arrow)
was peripherally crossed by
two suprarenal stent struts
(long arrows).

widespread useful visualization tool in aortic stent grafting,
and its application has been significantly enhanced with
the use of 3D software package that is currently available
on the workstation of modern CT scanners.

3D VR AND VIE VISUALIZATION

VR is an efficient visualization tool for showing the 3D
relationship between stent grafts and arterial branches
through use of the all of the information contained
inside a volume dataset, thus enhancing readers’ under-
standing of the complex structures of stent grafts and
arterial branches. In contrast to the above-mentioned
2D visualizations, VR can easily display various compo-
nents in a single image with different colors coded to
different anatomical structures (Figure 10). VR provides
morte information than MIP, since a realistic demonstra-
tion of the aortic stent grafts and aortic branches can
be displayed in a three-dimensional format; thus better
appreciation of the stent grafts in relation to the aortic
branches can be obtained.

As part of the VR visualization, VIE provides unique
information of the intraluminal appearance of the artery
wall and aortic stents. Our previous studies showed that
VIE provides additional information about suprarenal
stents encroachment to the renal artery ostium in terms
of the configuration of stent wires and number of stent
wires crossing the renal ostium (Figure 11)”"7*, For
fenestrated stent grafting of AAA, VIE is also able to
demonstrate the intraluminal configuration and the intra-
aortic protrusion of the fenestrated stents (Figure 12).

(44

Jgn?s:iﬁmg"‘ WJR | www.wjgnet.com

Sun Z. Endovascular stent graft repair of aortic aneurysms

67

Figure 12 VIE views demonstrate the intraluminal appearance of fenestrated
renal stent as circular configuration (A). In addition, the intraluminal portion of
the fenestrated stent can be visualised and measured on VIE (arrows in B).

\!\

This includes the normal appearance of fenestrated
stents, as well as deformity or occlusion of the fenes-
trated stents resulting from the inappropriate fenestrated
procedures (Figure 13)P%7, In comparison to conven-
tional 2D visualizations, VIE offets valuable information
about suprarenal and fenestrated repair since it dem-
onstrates the number of stent wires crossing the renal
ostium, confirms the patency of fenestrated vessels, and
performs accurate measurement of the intraluminal por-
tion of the fenestrated stents. These details are believed
useful for patient follow-up.

Figure 13 Deformed
fenestrated renal stent
with irregular appearance
is displayed on VIE image
(arrows).

INTERFERENCE OF AORTIC STENTS
WITH RENAL HEMODYNAMICS

The deployment of a complex multi-component
endovascular device in the abdominal aorta is likely to
change the local hemodynamics and adversely affects
the long-term performance of the device. Researchers
studied the fluid-stent graft interaction based on AAA
models with a focus on infrarenal fixation of stent
graftsm“]. Our previous experiments based on realistic
aorta models with variable configurations of suprarenal
stent wires crossing the renal artery ostium showed
that multiple wire configuration leads to a significant
decrease in flow velocity to the renal artery, while single
wire crossing has a minimal effect on the renal flow
changes (Figure 14)™ For fenestrated stent grafting,
the hemodynamic analysis showed that the interference
of fenestrated renal stents with the renal blood flow is
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Figure 14 Computational fluid dynamic analysis of the interference of suprarenal stent struts with renal blood flow shows the flow velocity calculated in
a realistic aorta model without placement of suprarenal stent struts (A), with simulated stent wire thickness of 0.4 mm (B), 1.0 mm (C) and 2.0 mm (D). The
laminar flow pattern from pre-stent grafting was found to change to turbulent with simulated stent struts across the renal arteries, with flow velocity decreased up to
30% when the wire thickness increased to 2.0 mm.
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Figure 15 Computational fluid dynamic analysis of the interference of fenestrated renal stent with renal flow was performed with a simulated renal stent
inserted into the renal arteries based on an aorta model (A). Flow velocity was not significantly affected after placement of fenestrated renal stents, although flow
recirculation was observed at the proximal portion of the renal arteries (B, C).

. . . . . . . . . . 43
minimal and insignificant, so this indicates the safety of arteries (Figure 15)"). However, wall shear stress at the
deploying the fenestrated renal stents inside the renal renal arteries was reduced after implantation of the

(49

Jgufsfnﬁmg"“ WIJR | www.wjgnet.com 68 December 31,2009 | Volume 1 | Issuel |



fenestrated renal stents, thus this could lead to a potential
risk of thrombus formation or stenosis at the renal
arteries. Further studies with simulation of different stent
wire thicknesses or variable lengths of stent protrusion
are necessary to investigate the hemodynamic effects of
endovascular stent graft repair of AAA.

FUTURE DIRECTIONS

Since the main concern associated with EVAR of AAA
is the patency of renal arteries essential to maintain
renal perfusion, future developments of endovascular
stent grafts lie in the long-term safety and effects on
renal function. This can be achieved through technical
modifications of the stent grafts, such as bioengineering
of the stent grafts to reduce the proliferation on the stent
surface once deployed inside the aorta, or production
of drug-eluting stents for fenestrated renal stents'™**.
In addition to these technical developments, imaging
follow-up is another issue that needs to be drawn to
endovascular specialists’ attention, as patients treated
with aortic stent grafts are routinely followed for a long
time, thus selection of appropriate imaging modalities is
of paramount importance for both monitoring of the
success of the procedure and detection of complications.
Helical CT angiography has been widely recognized as
the method of choice for follow-up of EVAR of AAA
due to its accuracy for measurement of the aneurysm and
sensitivity for detection of endoleaks" . However, CT
suffers from the issue of radiation exposure to patients,
which is the main disadvantage. Follow-up of patients
after EVAR requires multiple examinations at 1, 6 and 12
mo post-procedure, and typically requires the use of thin
slices and multiple phase examinations. Thus, patients
undergoing EVAR are at potential risk for excessively
being exposed to radiation™”. Optimization of CT scan-
ning protocol is one of the effective strategies to reduce
radiation dose. Tezzi ez al*” in their study reported that
an overall radiation dose reduction of 74% was achieved
with low dose protocol when compared to the standard
dose protocol, while maintaining image quality. A re-
cent study investigating the radiation exposure during
EVAR of AAA concluded that the mean effective dose
of CT angiography was 27 mSyv, and the entrance skin
dose exceeded the threshold value in 29% of patients'”,
This indicates the trend to move from CT follow-up to
30 which is another effective
approach to reduce radiation dose, since lifelong surveil-
lance is necessary after EVAR. Several studies reported
excellent results of ultrasound in the follow-up of EVAR
of AAA when compared to CT angiography“6’18’48’4 ),
Traditional imaging-based follow-up of AAA after
EVAR restricted to the detection of endoleaks (the
most common complication of EVAR) and changes in
AAA morphology have proved unreliable in preventing
aneurysm rupture. Pressure measurements of the

ultrasound surveillance

aneurysm sac are increasingly being recognized as the
most accurate indication of AAA exclusion® ™, At-
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tempts have been made at assessment of EVAR by intra-
aneurysm sac pressure measurements through 7 vitro
and in vivo studies” ™. These studies showed that high
intra-aneurysm sac pressure is associated with AAA
enlargement and low pressure with shrinkage. Imaging
alone requires at least two time interval examinations to
determine the trend or treatment outcomes of EVAR.
Pressure measurements allow immediate reassurance or
indication to intervene. Although it may only apply to few
now, pressure measurement is heralded for general use
and will provide a scientific basis for the management of
common complications such as endoleaks™".

CONCLUSION

There is no doubt that EVAR will continue to play an
increasing role in the treatment of patients with AAA.
While its benefits have been widely recognized by clini-
cal practice and thousands of cases are performed every
year, the long-term durability is yet to be confirmed.
Medical imaging modalities play an essential role in both
planning and post-operative follow-up. CT is the pre-
ferred imaging modality for following patients treated
with endovascular stent grafts; however, ultrasound is
being increasingly used to monitor the treatment out-
comes at regular follow-up as it does not involve ion-
izing radiation and its diagnostic accuracy for detection
of endoleaks is comparable to CT imaging. Although
still under development, pressure measurement is des-
tined for general use and will provide a scientific basis
for monitoring treatment outcomes of EVAR and the
management of complications such as type II endole-
aks. Technical improvements are required to ensure the
long-term safety of deploying the stent grafts inside the
abdominal aorta and artery branches.
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Abstract

The early detection of focal liver lesions, particularly
those which are malignant, is of utmost importance.
The resection of liver metastases of some malignan-
cies (including colorectal cancer) has been shown to
improve the survival of patients. Exact knowledge
of the number, size, and regional distribution of liver
metastases is essential to determine their resectabil-
ity. Almost all focal liver lesions larger than 10 mm
are demonstrated with current imaging techniques
but the detection of smaller focal liver lesions is still
relatively poor. One of the advantages of magnetic
resonance imaging (MRI) of the liver is better soft tis-
sue contrast (compared to other radiologic modalities),
which allows better detection and characterization
of the focal liver lesions in question. Developments
in MRI hardware and software and the availability of
novel MRI contrast agents have further improved the
diagnostic yield of MRI in lesion detection and char-
acterization. Although the primary modalities for liver
imaging are ultrasound and computed tomography,
recent studies have suggested that MRI is the most
sensitive method for detecting small liver metastatic
lesions, and MRI is now considered the pre-operative
standard method for diagnosis. Two recent develop-
ments in MRI sequences for the upper abdomen com-
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prise unenhanced diffusion-weighted imaging (DWI),
and keyhole-based dynamic contrast-enhanced (DCE)
MRI (4D THRIVE). DWI allows improved detection
(b = 10 s/mm?) of small (< 10 mm) focal liver lesions
in particular, and is useful as a road map sequence.
Also, using higher b-values, the calculation of the ap-
parent diffusion coefficient value, true diffusion coef-
ficient, D, and the perfusion fraction, f, has been used
for the characterization of focal liver lesions. DCE 4D
THRIVE enables MRI of the liver with high tempo-
ral and spatial resolution and full liver coverage. 4D
THRIVE improves evaluation of focal liver lesions, pro-
viding multiple arterial and venous phases, and allows
the calculation of perfusion parameters using pharma-
cokinetic models. 4D THRIVE has potential benefits
in terms of detection, characterization and staging of
focal liver lesions and in monitoring therapy.

© 2009 Baishideng. All rights reserved.
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INTRODUCTION

The carly detection of focal liver lesions, particularly
those which are malignant, is of utmost importance. For
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example, the resection of liver metastases of some ma-
lignancies, including colorectal cancer, has been shown
to improve the survival of parientsm. Exact knowledge
of the number, size, and regional distribution of liver
metastases is essential to determine their resectability.
Almost all focal liver lesions larger than 10 mm can be
demonstrated with current imaging techniques but the
detection of smaller focal liver lesions is still relatively
poot” . Transabdominal ultrasonography (US) is widely
used to assess the liver, but has some limitations: it
needs considerable operator expertise and often reveals
equivocal results in patients with chemotherapy-induced
fatty infiltration of the liver'. Contrast-enhanced (CE)-
US has increased the potential for characterization of
malignant and benign focal liver lesions compared with
baseline US. CE-US increased diagnostic confidence in
the detection and characterization of liver metastases
compared with standard US". Limitations of CE-US
are essentially the same as those of US and are related
to the presence of bowel gas and to the patient’s body
habitus". Among radiologic imaging techniques, US
and CE-US are relatively inexpensive and therefore are
used in many general radiology departments' """, How-
ever, for accurate oncologic staging, US examinations
often require to be complemented by other imaging
techniques.

Diagnostically problematic cases using US are
often referred for a computed tomography (CT) or
magnetic resonance imaging (MRI) examination. With
the introduction of multi-slice CT (MSCT) imaging,
the use of MSCT in oncologic patients to search for
lung, liver, and lymph node metastases in the body has
substantially increased'*'”. The development of MSCT
has substantially increased patient throughput allowing
volume coverage of the whole thorax and abdomen
in one breath-hold. However, even using MSCT, the
sensitivity and ability to discriminate between small liver
metastases and other small focal liver lesions is inferior
compared to MRI"?.,

Combined positron emission tomography (PET)/CT
images have significant advantages over either technique
alone because it provides both functional and anatomical
data. The most significant additional information
provided by PET/CT telates to the accurate detection of
distant metastases. In a study by Wiering ez al™, FDG-
PET was cleatly superior to CT in predicting extrahepatic
disease in patients with colorectal liver metastases.

One of the advantages of MRI in liver imaging
is the better soft tissue contrast, which reveals better
characterization of focal liver lesions in question. The
development of liver-specific MRI contrast agents
has further improved the diagnostic yield of MRI in
lesion detection and characterization' ™. Although the
primary modalities for liver imaging are US and CT,
recent studies have suggested that CE-MRI is the most
sensitive method for detecting small liver metastases and
MRI is now considered the pre-operative standard! ™!
Developments in MRI hardware and software and the
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availability of novel MRI contrast agents have improved
small focal liver lesion detection'™, During the last few
years, MRI enhanced with superparamagnetic iron oxide
(SPIO) probably has been considered the most sensitive
method for detecting so-called hypovascular liver
metastases””. In the few studies which have compared
different liver-specific agents, SPIO-enhanced MRI has
demonstrated varying degrees of superiority, particulatly
for small focal liver lesions””". Furthermore, the
importance of using ferucarbotran (SPIO contrast
agent) by bolus injection, providing the opportunity to
obtain dynamic T1-weighted (T1w) images has been
described™. Ward™ has found early T1-enhancement
on 3D fat-suppressed T1w gradient echo (GE) images
to be particularly valuable for depicting small focal
liver lesions. The T1-effect is considerably less than
occurs with extracellular fluid gadolinium (Gd)-based
contrast agents but this is often beneficial in the context
of metastatic disease. Liver and vessels often have a
similar signal intensity that produces a virtual blank
canvas against which small liver metastases are extremely
conspicuous and reliably distinguished from vessels. The
combination of thin-slice 3D T1w and T2w imaging
after SPIO increases diagnostic confidence and is more
accurate for small focal liver lesion detection than
delayed T2w imaging alone™,

NEW DEVELOPMENTS IN MRI
SEQUENCES FOR THE LIVER

Diffusion-weighted imaging (DWI) [Single-shot spin-
echo echo-planar imaging (SS SE-EPI sequence)]
Diffusion-weighted MRI is sensitive to molecular diffu-
sion as a result of random and microscopic translational
motion of molecules, known as Brownian motion. Ran-
dom motion in the field gradient produces incoherent
phase shifts that results in signal attenuation. Flowing
spins induce the same attenuation effect; the pseudoran-
dom organization of the moving spins at the voxel level,
such as perfusion, can also be considered to be an inco-
herent motion, and this effect can induce much larger
signal attenuation than the diffusion effect on an image
with very low motion-probing gradients (MPGs)*>*",
The strength of the applied MPG increases with increas-
ing b-value (expressed in s/mm?). On the basis of this
theory, the apparent diffusion coefficient (ADC) value
calculated from the images with no and low MPGs
(ADCiow) is considered to be more strongly influenced
by the flowing spins (microcirculation) than molecular
diffusion. The true diffusion coefficient, D, can be ob-
tained from the calculation from images with the higher
b-values™?. D as measured at intravoxel incoherent
motion (IVIM) MRI is a true parameter of molecular
diffusion™?’. Tt therefore permits characterization of
tissues and pathologic conditions. Furthermore, the pet-
fusion fraction, f, as measured at IVIM MRI is the (mi-
croperfusion) deviation factor representing the fractional
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Figure 1 Schematic depiction of the alternating viewsharing technique.
The central ky-kz disk defined by the keyhole percentage is subdivided in 3
regions, P*, C and P, where P* and P" cover positive and negative peripheral
regions in this central disk and C is the central region as shown. The central
region C is acquired in each dynamic scan while regions P* and P are shared
with subsequent dynamic scans according to an alternating viewsharing
scheme: P*-C-P-C-P*-C-P-C-P*-Ref. The P" and P* parts from subsequent
keyhole scans are shared in the reconstruction process.

volume (of spins) occupied in the voxel by flowing spins
(= sum of the spins in the microcirculation and spins in
turbulent flow)”".

During recent years, DWI of the liver, using echo
planar imaging sequences with low b-values, has been
proven to be useful for the detection of focal liver
lesions because of the black-blood effect when using
low b-values. The black-blood effect renders blood
vessels black while focal liver lesions remain bright. The
use of the black-blood effect for facilitating detection
of focal liver lesions, by better differentiation between
small vascular branches and small focal liver lesions, has
been described previously™. This black-blood effect
has proven to be useful in detecting focal liver lesions
especially those smaller than 10 mm)®*?, Respiratory-
triggered SS SE-EPI is preferred for liver MRI as
respiratory-triggering increases the signal-to-noise ratio
(SNR) and helps to avoid false-negative results but also
false-positive results due to noise. In our experiencem],
for focal liver lesion detection a b-value of b =10 s/ mm’
is to be preferred over b = 20 or 50 s/mm”,

DWI of the liver, using SS SE-EPI with low and high
b-values, seems promising for the characterization of
focal liver lesions by calculating D, f and ADCiow™ ",

The SS SE-EPI sequence is prone to artifacts (e.g. air
from the bowel loops). Therefore, we recommend giving
each patient 0.5 L of tap water just before the start of
ecach MRI examination. We also recommend starting
each MRI examination of the upper abdomen with the
SS SE-EPI sequence, using respiratory-triggering to
optimize the SNR. The SS SE-EPI sequence can then
be used as a road map sequence to guide the rest of the
MRI examination.

T1w dynamic contrast-enhanced (DCE) MRI (4D THRIVE)
Three-phased DCE MRI is currently accepted as an
important imaging tool for detecting and characterizing
tumors in abdominal organs such as the liver™. The
hepatic purely arterial phase is especially important to
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Figure 2 Liver metastasis in a 68-year-old woman using transverse
contrast-enhanced 4D THRIVE. The reference image using 4D THRIVE in
the delayed phase (A) is shown with corresponding automatically calculated
Kep map (B). The parametric map shows the liver metastasis (white arrow) as
a heterogeneous lesion with ring enhancement. The portal vein is indicated by
the white arrowhead.

distinguish fast enhancing lesions from slow contrast
uptake in liver parenchyrna[%’}g]. Also, imaging of the
portal venous phase is crucial for characterizing focal
liver lesions. However, often the arterial hepatic phase
will overlap with enhancement of blood coming from
the portal vein during the 20-s acquisition time typically
achieved in 3-phased MRI™. To address this problem,
Beck e @/ recently proposed a fast imaging technique
called CENTRA Plus or 4D THRIVE, combining
the principles of keyhole imaging with half-Fourier
acquisition to achieve a higher temporal resolution with
full liver coverage and a minor decrease of the spatial
resolution. The elliptical centric keyhole method consists
of dynamically acquiring a limited number of central
ky-kz-space profiles (disk), and sharing the high spatial
resolution information from a single full data set called
reference (Figure 1). To further accelerate the technique,
an alternating view-sharing technique, as described in
references 40 and 41, was applied. With this strategy it
was shown that the precision of contrast-enhancement
sampling could be improvedm].

DCE MRI sequences (4D THRIVE) with higher
temporal resolution can also be used to generate
parametric maps (Figure 2) and to compute perfusion
and permeability parameters using pharmacokinetic
models, with potential benefits in terms of detection,
characterization and staging of tumors and in monitoring
therapym’m. To date, reports of liver perfusion at MRI
are limited in number and vary considerablyw. Tlw
dynamic CE-MRI seems a promising method for the
detection of cancer™. Remarkably, encouraging results
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have been obtained despite considerable vatiation in both
the methods of data acquisition and analysis (e.g. visual
inspection*”] parametric analysis"”, pharmacokinetic!*”
or physiologic™ modeling). In most cases, only one to a
few slices within the whole liver parenchyma have been
used to evaluate perfusion parameters.

As a result of new developments in MRI scanning
technologies, it is now possible to perform Tlw CE-
MRI of the entire liver with high spatial and temporal
resolution, using the above mentioned T1w DCE 4D
THRIVE sequence. This 4D THRIVE sequence has
already been evaluated for its ability to differentiate
benign from malignant focal liver lesions!*"

MRI CHARACTERISTICS OF DIFFERENT
FOCAL LIVER LESIONS

Hepatic cysts

Hepatic cysts, including those without further pathologic
importance, almost always can be accurately diagnosed
using US. Only rarely are additional imaging sequences
needed; non-complicated hepatic cysts can be easily
characterized using MRI.

Complex cystic focal liver lesions are lesions containing
large fluid-filled areas. They are increasingly commonly
found in clinical practice as a result of the increased use of
hepatic imaging. Complex cystic focal liver lesions represent
a wide spectrum of lesions that include both benign and
malignant lesions™. The most frequently encountered
complex cystic focal liver lesions comprise hepatic cysts
complicated by intracystic hemorrhage, abscesses (see
description below), hematomas, cystadenomas and
cystadenocarcinomas.

Hepatic cysts complicated with acute hemorrhage
and acute hematomas are typically hyperintense on
unenhanced T1w imaging. The differentiation between
cystadenomas and cystadenocarcinomas using only
imaging criteria can be very difficult and so-called
borderline lesions are frequently encountered. The
probability of underlying malighancy in general increases
with increased thickening of the septations, increased
septal calcifications and increased presence of mural
thickening. Using contrast-enhanced MRI, complete
non-enhancement using dynamic MRI or slow contrast-
enhancement of the septations and mural nodules in
the arterial phase and persistent contrast-enhancement
in the portal and late venous phases most frequently are
exhibited in benign complex cystic focal liver lesions. In
contrast, hypo-enhancement in the late venous phases
most frequently is seen in malignant complex cystic focal
liver lesions™

Liver hemangiomas

Liver hemangiomas are the most common benign tumors
of the liver, with a reported incidence ranging from 1%
to 20%. Hemangiomas occur more commonly in women
(female/male ratio 5:1). A hemangioma usually is well
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circumscribed and blood filled. Hemangiomas larger
than 10 cm are designated as giant hemangiomas®".

On cut sections, hemangiomas almost always are
inhomogeneous, with areas of fibrosis, necrosis, and
cystic change. Sometimes abundant fibrous tissue
completely replaces the lesion. Calcification is rare in this
tumor (less than 10%) and can be either large and coarse,
with phlebolith-like thrombi within the vascular channels
of the hernangioma[52'53]. Microscopically it is composed
of multiple vascular channels lined by a single layer of
endothelial cells supported by a thin fibrous stroma.

On MRI, hemangiomas characteristically demonstrate
marked hyperintensity on T2w images, which may
contain low-intensity ateas that correlate with zones of
fibrosis™". In the characterization of hemangiomas, the
comparison of T2w images with short echo time (TE)
and long TE is important. In most cases, hemangiomas
are still displayed as relatively hyperintense, compared
with the surrounding liver parenchyma, on long TE T2w
images and the contours and volume of the displayed
hemangioma are exactly comparable on short TE and
long TE T2w imaging. This finding can also be seen in
hypervascular liver metastases. Further differentiation
of hemangiomas and so-called hypervascular liver
metastases is desctribed below.

On unenhanced T1w images, a hemangioma displays
most commonly as a well-defined slightly hypo-intense
tumor with lobulated borders. The pattern of peripheral
“nodular” enhancement after Gd injection was seen
as highly specific for hemangioma compated with tim
enhancement noted in metastases’” .

Three enhancement patterns of hemangioma with
Gd-enhanced GE imaging have been noted:

Immediate and complete enhancement of small
lesions (so-called capillary hemangiomas): Capillary
hemangiomas are rapidly filling hemangiomas that occur
significantly more often in small hemangiomas (42%
of hemangiomas are less than 1 cm in diameter)”™”. On
CT and MRI, capillary hemangiomas show immediate
homogenous contrast-enhancement in the arterial phase;
thus, differentiation from other hypervascular tumors
is difficult. According to various authors, up to 83%
of the smaller hemangiomas (less than 3 cm) showed
iso-attenuation compared with the arterial system in
all 3 phases of enhanced scanning””*". During the
portal venous phase of contrast-enhancement, capillary
hemangiomas show an attenuation equivalent to that
of the aorta. In the delayed phase, on CT or MRI,
hemangiomas remain hyperattenuating or hyperintense,
whereas hypervascular metastases do not™,

During the perfusion phase using SPIO-enhanced
T1lw GE imaging, and persisting during delayed imaging,
a significant increase in signal intensity has been reported
on T1w GE imaging as a result of pooling of SPIO in
the vascular spaces of a hemangioma®™ ", This pooling
of SPIO also explains that hemangiomas often lose
signal on delayed T2w imagingligl.
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Peripheral nodular enhancement progressing cen-
tripetally to uniform enhancement and peripheral
nodular enhancement with persistent central hypo-
intensity™: These 2 last findings are more frequently
depicted in larger (cavernous) hemangiomas. Uniform

enhancement throughout the lesion on delayed images
should not be used as a criterion for diagnosis because this
will only lower the speciﬁcity[(ﬁ]. In the majority of cases,
the combination of T2w and serial dynamic Gd images
allows a confident diagnosis of hemangiomas™. On the
delayed liver-specific phase, after Gd-BOPTA (gadoben-
ate dimeglumine), hemangiomas tend to be hypo-intense

compared with the surrounding liver parenchyma®*”,

“Hypovascular” liver metastases
Among solid hypovascular liver lesions, metastases
constitute the main group. Hepatic metastases are the
most frequent malignancies in the liver. The incidence of
hepatic metastases is approximately 40% in patients with
colorectal cancer®. In the United States, approximately
50000 cases of hepatic colorectal metastases are seen
annually'”’. Lesion detection is size related. When
reviewing the literature, a lower threshold for detection
is about 1 cm'™. Unfortunately, postmortem assessment
of the size of liver metastases has shown that the
ratio between metastases larger than 1 cm and those
smaller than 1 cm is approximately 1:1.6 for metastases
of colorectal adenocarcinoma and 1:4 for other liver
metastases””. This clearly indicates that a capacity to
accurately detect and characterize metastases smaller
than 1 cm is necessary.

Detection and characterization of small (< 1 cn;])

1

focal liver lesions using MDCT is inferior to MRI™.
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Figure 3 Transverse single-shot spin-
echo echo-planar imaging (SS SE-EPI),
fat-suppressed T1w 3D GE and SPIO-
enhanced T2w TSE (short TE with fat
suppression) image in a 62-year-old
man. A: A transverse SS SE-EP| image
using b = 0 s/mm” in a 62-year-old man
barely detecting any visible lesion in the
area indicated by the white arrow; B: A
transverse SS SE-EPI image using b =
10 s/mm’ in the 62-year-old man clearly
detecting the liver metastasis (white
arrow); C: A transverse fat-suppressed
T1w 3D GE image in the portal-venous
phase after intravenous injection of SPIO
in the 62-year-old man barely detecting
the liver metastasis (white arrow); D: A
transverse SPI0-enhanced T2w TSE
(short TE with fat suppression) image in
the 62-year-old man barely detecting the
liver metastasis (white arrow). SS SE-
EPI: Single-shot spin-echo echo-planar
imaging; GE: Gradient echo; T1w: T1-
weighted; SPIO: Superparamagnetic
iron oxide; TE: Echo time.

Furthermore, with the use of the respiratory-triggered
SS SE-EPI sequence, detection of focal liver lesions
even down to 3 mm is possible using MRI™. In a
study by Coenegrachts et al®, unenhanced respiratory-
triggered SS SE-EPI performed better than SPIO-
enhanced MRI (literature gold standard”) for detecting
so-called hypovascular liver metastases (Figure 3A-D).
Therefore, the SS SE-EPI sequence is ideally suited to
be used as the first sequence (road map sequence) during
an MRI examination of the liver. In most cases, the
respiratory-triggered SS SE-EPI depicts the whole liver
with good image quality and excellent contrast-to-noise
ratio (CNR). In that case, if no focal liver lesions can
be detected using the unenhanced respiratory-triggered
SS SE-EPI sequence, then the presence of malignant
focal liver lesions is extremely unlikely (high negative
predictive value of SS SE-EPI). The signal intensity of
the metastases is moderately increased compared with the
surrounding hepatic tissue on T2w images and decreased
on unenhanced T1w imagesm. Malignant tumors tend to
have margins that are not sharply defined.

Liquefactive necrosis within the metastasis increases
signal intensity on T2w images, whereas coagulative
necrosis'"', desmoplastic reaction, or calcifications'™”
decrease signal intensity on T2w images.

In some cases, the production of paramagnetic
substances modifies the appearance of metastases on
T1w images. The melanin present in the metastases
from melanoma increases the signal intensity on T1lw
images. The presence of mucin within metastases can
also increase the signal intensity on Tlw imagesm. On
T1lw DCE imaging, in the arterial phase “hypovascular”
liver metastases can show a fleeting ring enhancement
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that blurs the margins of the lesions and corresponds
to a desmoplastic reaction, inflammatory infiltration,
and vascular proliferation in the tumor-liver parenchyma
margin““. Enhancement progresses centrally with
concomitant peripheral wash-out™. In the venous phase,
liver metastases are hypo-intense compared with the
surrounding liver parenchyma.

During the perfusion phase using SPIO-enhanced
T1w GE imaging, ring enhancement is highly suggestive
of malignant liver lesions'®. Metastases do not contain
reticulo-endothelial system cells; thus, after SPIO injection
the liver metastasis CNR is improved with increased lesion
conspicuity and detection compared with unenhanced
T2w images'™*"*".

In clinical practice, the differentiation between small
(< 10 mm), so-called fibrous, liver hemangiomas and
hypovascular liver metastases is a frequent problem. For
the differentiation of focal liver lesions, the calculation
of D, f and ADCiw seems promising in reducing liver
biopsy procedures in the future. However, for the
characterization of small liver hemangiomas and small
liver metastases” ", more research is needed. Nonetheless,
if an operation is planned, the surgeon has an accurate
means of guidance during the operation using intra-
operative ultrasound to further characterize these small
focal liver lesions in those areas where a focal liver lesion
is detected with the SS SE-EPI sequence. This allows
the surgeon to locally treat small malignant focal liver
lesions with minimally-invasive techniques. This should
likely benefit the patients’ prognosis by optimizing the
removal of all malignant deposits within the liver during
one treatment session.

“Hypervascular” liver metastases

Hypervascular metastases are those with an abundant
blood supply, typically greater than that of normal liver.
These tumors include choriocarcinoma, renal cell carci-
noma, thyroid carcinoma, breast carcinoma, melanoma,
catrcinoid tumor, and islet cell tumor. In general, these tu-
mors may show a hyperintense signal on T2w images, and
so potentially could be mistaken for a hemangiomam. In
addition, most of these tumors have an increased ten-
dency to have an intratumoral hemorrhage. This results
in increased signal on unenhanced T1w images as well as
T2w images. Melanoma, as a result of the Tl shortening
effect of melanin, shows an increased signal on the Tlw
image even if hemorrhage is not present.

Hypervascular liver metastases show significant en-
hancement during the arterial phase of ECF agent con-
trast-enhancement, which is the most important phase
for lesion detection, whetreas hypovascular metastases
are best imaged during the portal venous phase. Detec-
tion of smaller hypervascular liver metastases in particu-
lar is enhanced with the use of 4D THRIVE - obtaining
multiple arterial phases of the whole liver in high spatial
resolution - thereby also optimizing the timing of imag-
ing in the appropriate arterial time window for visual-
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1zing the sometimes very short arterial hyperenhancing
lesions.

In the portal venous phase, hypervascular metastases
usually show rapid wash-out, which renders them hypo-
intense compared with the surrounding liver parenchyma.

On delayed phase, the ECF accumulates in the center
of larger (hypovascular and hypervascular) liver metas-
tases because of its pooling in the extracellular fibrotic
component of the lesion, thus becoming progressively
hyperintense to the surrounding liver parenchyma (de-
layed central pooling).

The appearance of a solitary hypervascular liver
metastasis and a solitary hepatocellular carcinoma (HCC)
can be comparable in some cases. However, differentiation
often is facilitated as HCC is almost always encountered in
a cirrhotic liver parenchyma whereas a hypervascular liver
metastasis is encountered in a “normal” liver parenchyma.
Further, specific morphologic criteria can aid in the
differentiation of both focal liver lesions (see description
in the sections on “hypervascular” liver metastases and

HCO).

Focal nodular hyperplasia (FNH)

FNH is a benign tumoz-like lesion that results from a
hyperplastic rather than a neoplastic process[77]. This ex-
plains the nearly iso-intense and homogeneous appear-
ance of FNH with the surrounding liver parenchyma
on imaging. When present, the central scar presents
as hyperintense on T2w imaging and hypo-intense on
unenhanced T1w imaging. In the absence of a central
scar, an FNH can hardly be detected using unenhanced
imaging. Dynamic Gd-based CE MRI shows a marked
enhancement in the arterial phase of the lesion, which
persists as slightly hyperintense ot iso-intense in the
portal venous and distribution phase, whereas the cen-
tral scar appears hypo-intense in the arterial and portal
venous phase to become hyperintense in the distribution
phase™™. For detecting smaller FNHs in particular, the
use of 4D THRIVE - obtaining multiple arterial phases
of the whole liver in high spatial resolution - enhances
the visualization of FNHs sometimes showing only very
short arterial hyperenhancement.

MRI contrast agents with liver-specific properties
are helpful in characterizing FNH. In FNH, there is
prolonged and excessive hepatocellular accumulation of
hepatocyte-specific contrast agent because of the struc-
tural alteration of the biliary canalicular system that does
not communicate with or derive from the surrounding
normal hepatic biliary system. Two or three hours after
IV injection of Gd-BOPTA, typical cases FNHs are hy-
perintense (to iso-intense) compared with the surround-
ing liver parenchyma. This behavior is distinct from that
seen in adenomas, which do not show significant en-
hancement compared to the liver parenchyma during the
delayed phaseml.

However, accurate characterization of FNH is not
always possible because atypical features can confound
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the interpretation. While the absence of a scar in small
FNHs cannot be considered atypical, it does make it
more difficult to distinguish FNH from other hyper-
vascular tumors. Again, delayed phase imaging proved
useful in a study by Grazioli ez al™; all 49 small FNHs
showed either hyperintense [33 (67%) lesions] or iso-
intense [16 (33%) lesions] enhancement. In addition, a
central scar was detected on delayed images in 15 (31%)
of the 49 lesions compared with only 7 (14%) of 49 on
dynamic phase images. Anecdotal experience by Grazioli
et al™ with 4 cases of adenoma and one of adenomato-
sis (unpublished data) demonstrated a markedly hypo-
intense appearance on delayed images relative to FINH
or normal liver. Although adenomas have functioning
hepatocytes, they lack bile ducts. It is therefore likely that
bilirubin metabolism is blocked in the adenoma, as con-
firmed by the absence of bile in resected adenomas™.
Altered hepatocellular metabolism may inhibit the up-
take of Gd-BOPTA in the adenoma thereby accounting
for its hypo-intense appearance on delayed MRI images.
Radionuclide imaging with sulfur colloid is generally
considered useful in the characterization of FNH be-
cause of the uptake of tracer by the Kupffer cells. How-
ever, uptake is seen in only approximately two-thirds of
lesions™ and is limited to the detection only of large
lesions.

Kupffer cells usually are observed within FNH and
are a major histologic feature of this lesion. Uptake of
SPIO by FNH is common, with the lesions showing
significant decreases in signal intensity on ferumoxides-
enhanced T2w images[gzl. Signal drop reflects the pres-
ence of Kupffer cells within the lesion. Nevertheless,
the amount and distribution of Kupffer cells within the
nodule can vary and yield different patterns of signal
decrease: some small FNHs (less than 3 cm) show ho-
mogenous signal drop similar to that observed in the
surrounding parenchyma, whereas large FNHs may
show inhomogeneous signal drop. The central scar ex-
cludes iron particles and is readily demonstrated as a hy-
perintense central stellate area. That finding corresponds
to the high signal area seen on T2w unenhanced images
but higher conspicuity generally is found after the use of
SPIO agentsm. Furthermore, adenomas have also been
reported to demonstrate signal drop after SPIO adminis-

tration using T2w imaging®”.

Telangiectatic FNH

Telangiectatic FNH is an uncommon hepatic neoplasm
that demonstrates histologic and imaging features that
are different from those of typical FNH™. A common
finding of telangiectatic FNH in the study of Attal ez a/*
was strong arterial enhancement, which is also seen in
most cases of typical FNH"™. However, additional imag-
ing characteristics of telangiectatic FINH are described
in the literature: (1) A heterogeneous pattern is a very
rare feature in FNH and was observed in 2.4% of the
cases in a radiologic-pathologic study by Vilgrain ez a/™.
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The main causes of heterogeneity in the study of Attal
et al™ were necrosis, the degree of sinusoidal dilatation,
and the presence of hemorrhagic foci. Hemorrhage, an
unusual finding in FNH, was more commonly observed
in larger lesions; (2) Hyperintensity on T1w MRI images
is very rare in FNH and was observed in 2.1%-6.0%
of cases in previous studies®™. Tt is well known that
hyperintensity on T1w MRI images may be to the result
of different pathologic changes, including fat deposition,
copper accumulation, high protein concentrations, blood
degradation products, or sinusoidal dilatation™; (3) Strong
hyperintensity on T2w MRI images is also a rare finding
in FNH; (4) A central scar was rarely present in the study
by Attal e a/*Y; and (5) Persistent lesion enhancement on
delayed phase images was a frequent feature observed by
Attal e a/*". This finding has been described only once
in FNH, to our knowledgelggj. Persistent contrast agent
uptake in telangiectatic FNH could be related to sinusoidal
dilatation.

Attal ez a/*" concluded that telangiectatic FNH is
an uncommon entity that differs from typical FNH at
imaging. Lesions are multiple in 62% of cases. Atypical
features of FNH often observed with telangiectatic
FNH are lack of a central scar, lesion heterogeneity,
hyperintensity on T1w MRI images, strong hyperintensity
on T2w MRI images, and persistent contrast-enhancement
on delayed phase T1w MRI images.

Hepatic adenoma

DCE MRI, whether performed with ECF agents or liver
targeted agents, can demonstrate early arterial enhance-
ment that becomes iso-intense or hypo-intense in the
portal venous phase, although this usually is less marked
than in cases of FNH. In cases of previous hemorrhage,
the arterial enhancement can be inhomogenous™. On
Gd-enhanced MRI, most adenomas are hyperintense on
arterial and eatly portal venous phase images, whereas on
late portal venous phase images and equilibrium phase
images most appear iso-intense overall. For detecting
smaller adenomas in particular, the use of 4D THRIVE
- obtaining multiple arterial phases of the whole liver in
high spatial resolution - also enhances the visualization
of adenomas sometimes showing only very short arterial
hyperenhancement.

On delayed phase images after injection of Gd-
BOPTA, most lesions appear hypo-intense, indicating a
lack of uptake by the lesions (see also above; description
of FNH)", Therefore, delayed phase imaging using
hepatocyte-specific contrast agents can be useful in the
differentiation of adenomas and FNHs. Kupffer cells
often are found in hepatic adenoma but in reduced
numbers and with little or no function, as reflected by
the absent or diminished uptake of technetium-99m
sulfur colloid™. Hepatic adenomas usually do not show
uptake of SPIO particles, resulting in increased tumor-
liver CNR on T2w images. However, occasionally

hepatic adenomas have shown some degree of uptake™,
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with an inhomogeneous signal drop whose entity
usually is less than in FNH. Uptake of SPIO in hepatic
adenoma appears to be to the result of pooling of the
contrast agent within the peliosis-like dilated vessels
that characterize them'™). However, in several cases,
no significant difference of signal loss was observed
between FNH and hepatic adenoma®™.

HCcC

HCC is the most frequent primary tumor of the liver
(80%-90%) and represents more than 5% of all cancers,
with an incidence of more than 500000 new cases per
year throughout the world”. Tts incidence in developing
countries is 2-3 times higher than in developed counttries,
although its incidence is rising in Western countries and
in Japan™. The most significant risk factor, regardless of
etiology, is the presence of liver cirrhosis"™, particularly
when secondary to viral infection and high alcohol
intake. Other risk factors include hemochromatosis and
primary biliary cirrhosis”™".

Pathologically, HCC develops de novo or most fre-
quently develops in a multistep fashion in the following
sequence: from low-grade dysplastic nodule (LGDN), to
high-grade dysplastic nodule (HGDN), early HCC, well-
differentiated HCC, and finally to a moderately differen-
tiated HCC. Differentiation between early HCC and DN
is a very important issue in the clinical setting. CT during
arterial portography (CTAP) is the most sensitive tool in
the differentiation of premalignant/borderline lesions
(LGDN and HGDN) and early HCC"".

The formation of a pseudocapsule around the lesion
(constructed usually from connective fibrous tissue) and
of a septum within the tumor is frequently observed
with the development of HCC. This may derive from
an interaction between the tumor and host liver and may
interfere with the growth and invasion of the Hcc™,

On T2w images, most HCCs demonstrate increased
signal compared to the surrounding liver, although
the tumors tend to be inhomogencous”™. The T1
appearance of HCC ranges from hypo-intense to slightly
hyperintense, depending on fat content, copper deposition
within the tumor, and the degree of differentiation””.

Several studies have shown that the characteristic
HCC profile includes an intense arterial uptake but is
followed by contrast agent wash-out in the delayed ve-
nous phase””. The recognition of the diagnostic value
of contrast agent wash-out allowed the refinement of
the criteria as reflected in the recent American Asso-
ciation for the Study of Liver Diseases guidelines and
in the unpublished consensus of the European Asso-
ciation for the Study of the Liver experts that met in
2005"",

Dynamic T1w imaging during the arterial phase is of
utmost importance for the detection of small (< 10 mm)
HCCs, because they may be occult at other pulse se-
quences and on portal venous and equilibrium phase im-
ages[ggl. Also, the use of 4D THRIVE (multiple arterial
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phase imaging) enhances the detection of smaller HCCs
in particular.

In these cases, the T1w and T2w appearance of the
tumors may not be substantially different from that of the
surrounding liver, or the underlying liver heterogeneity
may make the tumor difficult to detect™. DWTI
improves the detection of HCCs in particular, and the
differentiation of pseudotumoral lesions compared with
conventional MRI in liver cirrhosis™.

Controversies regarding the optimal timing to capture
the arterial phase exist"™"™ but as discussed this problem
can be solved using 4D THRIVE.

Dysplastic nodules are defined as spontaneously
hyperintense on T1w images without (intense) contrast-
enhancement in the arterial phase during DCE imagingm.
However, the differentiation between dysplastic nodules,
especially HGDN, and early HCC can often be difficult™,
as early HCC often can have a different appearance on
T1lw and T2w imaging compared with overt HCC™. The
most sensitive modality capable of clearly depicting the
early carcinogenesis process is CTAP. However, many,
well-differentiated, early HCCs appear as hypovascular
nodules on CTAP. In cases where portal blood is
reduced, but arterial blood flow has not yet increased,
both HGDNss as well as early HCCs are depicted as
sharply delineated hypo-enhancing nodules compared
with the surrounding liver parenchyma®. In those cases,
differentiation between HGDNs and early HCCs is
impossible on imaging.

With SPIO particles, HCCs generally do not show
a significant decrease in signal intensity, although signal
intensity loss was seen in some individual HCCs!™,
The signal intensity of the normal liver does decrease,
however, thereby improving the CNR of malignant focal
liver lesions. According to Lim ez 2/, HCC conspicuity
after SPIO depends on differences in the number of
Kupffer cells between the lesion and the surrounding
cirrhotic liver. Moderately or poorly differentiated
HCCs show large differences in the number of Kupffer
cells compared with the surrounding cirrhotic liver and
thus demonstrate a high CNR at SPIO-enhanced MRI.
Dysplastic nodules and most well-differentiated HCCs,
on the other hand, contain nearly the same number
of Kupffer cells as the surrounding cirrhotic hepatic
parenchyma and therefore are not well depicted on T2w
MRI", although in some cases of well-differentiated
HCC there can be decreased uptake of SPIO particles”™.

Some authors have proposed the possibility of a
single-visit sequential SP1IO-Gd protocol to obtain
better diagnostic confidence!™. Watd ez al'™ found that
the combination of Gd and ferumoxides in double-
contrast MRI, compared with ferumoxides-enhanced
imaging alone, led to an improvement in the diagnosis
of HCC, especially for small (< 1 cm) lesions, for which
the sensitivity for detection increased from 14% to 46%,
compared with larger lesions (1 cm or larger), for which
the sensitivity increased from 81% to 91% with the
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addition of Gd-enhanced imaging. Gd-enhanced images
obtained during the arterial and portal venous phases
of enhancement were essential for differentiating HCC
from adjacent fibrosis, which is the most frequent cause
of false-positive findings of SPIO-enhanced and SPIO-
unenhanced images.

Pauleit e a/'™ found that for detection of small HCCs,
the sensitivity and accuracy with unenhanced and Gd-
enhanced imaging were significantly (P = 0.017) supetior
to those with unenhanced and ferumoxides-enhanced
imaging, whereas for large HCCs the ferumoxides set was
superior to the Gd set, although this difference was not
statistically significant. Analysis of all HCCs revealed no
significant differences for Gd-enhanced and ferumoxides-
enhanced imaging'""’.,

Fibrolamellar HCC (FL-HCC)
FL-HCC is a distinctive type of HCC that occurs in
younger patients (mean age 20 years)". Although it is a
malignant lesion, the prognosis is better than that of typical
HCC, with 25% of patients having resectable lesions.
o-fetoprotein levels are usually not elevated. FL.-HCC is
typically a well-circumscribed lesion that is hypo-intense on
T1w images and hyperintense on T2w images[%J. A central
scar may be present. Central calcifications are present in
one third of lesions. The differential diagnosis includes
mainly FNH.

To our knowledge, there are no reports of FL-HCC
enhancement patterns after SPIO. Such lesions would
not be expected to enhance significantly.

Cholangiocellular carcinoma (CCC)

CCC is a malignant hepatic tumor of the biliary
epithelium and is the second most common form of
primary hepatic malignancy in adults after HCC"". Tt
represents less than 1% of all newly diagnosed cancers in
North America and is usually seen in the seventh decade
of life"".

Several factors have been linked etiologically to the
development of CCC, although none of the factors
is evident in many patients. CCC is associated with
clonorchiasis, intrahepatic stone disease, choledochal cyst,
Caroli disease, and primary sclerosing cholangitis (PSC) 1
Most of these risk factors have in common long-standing
inflammation and injury to the bile duct epithelium. PSC
is commonly associated with CCC, with as many as 10%
of patients with PSC going on to develop CCC!"".,

Microscopically the tumor is an adenocarcinoma
with a glandular appearance and cells resembling biliary
epithelium. Mucin and calcification sometimes can be
demonstrated. A large desmoplastic reaction is typical of
CCC. Mixed hepato-cholangiocellular carcinomas have
been described""”. Cholangiocarcinoma usually is divided
into “intrahepatic” and “extrahepatic”, depending on the
site of origin. For the purposes of this discussion only
the intrahepatic subgroup and the Klatskin tumors are
presented:
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Intrahepatic (“peripheral”) cholangiocarcinoma (ICC):
ICC is a malignant neoplasm arising from the epithelium
of the intrahepatic bile ducts and represents 10% of all
CCC. Hilar (Klatskin) and bile duct CCCs account for the
remaining 90%"". "This neoplasm usually is a large firm
mass. In 10%-20% of cases, there ate several satellite nod-
ules around the main mass. On cut section, it is character-
ized by the presence of large amounts of whitish fibrous
tissue. A variable amount of central necrosis could be
present within the tumor, especially if it is large. Hemor-
rhage is rare”,

Klatskin (“perihilar”’) tumor: The Klatskin (“perihilar”)
tumor is a small stricturing CCC arising at the junction
of the left and right hepatic ducts. These lesions produce
bilobar biliary duct obstruction and are nearly always
unresectable.

On MRI, ICC has a non-specific appearance. On
T2w images, the signal intensity of the tumor ranges
from markedly increased to moderately increased,
relative to the liver. Tumors with high fibrous content
tend to have lower signal intensity on T2w imageslm’mj.
It is iso-intense to hypo-intense on unenhanced Tlw
images. The most prominent feature with central CCC
on MRI is usually intrahepatic biliary duct dilatation.
Morphologic changes may occur late in the disease
process, with atrophy of the left lobe of the liver
compared with the right lobe. The left-sided hepatic
ducts may be more dilated than are those in the right
lobe™. Vascular invasion and portal nodes should be
carefully searched for because these findings preclude
resection of the tumor™.

With serial dynamic ECF-Gd enhanced images,
CCCs show minimal or moderate incomplete rim of
enhancement at the tumor periphery on early images,
with progressive central contrast-enhancement on later
irnzlges[11

on delayed images because of the fibrous nature of the
(113

DCE imaging with Gd-BOPTA is similar to non-
specific vasculo-interstitial Gd-based contrast agents,
but in the hepato-biliary phase, the lesion shows
contrast-enhancement in the fibrotic area. The degree
of enhancement depends on the type of CCC. Greater
petipheral enhancement is noted in the early phases
in large CCC, whereas greater delayed enhancement
is noted in the fibrous cote of the “scirrhous” CCCs
in the hepatobiliary phasem. Occasionally some small
peripheral CCCs with a large number of tumor cells and
few interstitial fibrous tissues at DCE MRI images reveal
strong enhancement of the whole tumor on the early
phase“m. Prolonged enhancement of the tumor on the

late venous and delayed phases could be of diagnostic
[114,115]

2
|, Contrast-enhancement may be better seen

value

The hepatobiliary phase after liver-specific contrast
agent adds useful information for identification of small
satellite lesions. Analogously, after SP1IO administration,
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because of the absence of Kupffer cells within the
lesion, no significant uptake is observed, and there is an
increase of liver-to-lesion CNR on T2w images' ',

Liver abscess

Liver abscesses can mimic necrotic liver metastases.
DWI might aid in the differentiation between purulent
abscesses and necrotic metastases. However, in many
cases, drainage is needed for diagnostic and therapeutic
purposes.

Angiomyolipoma (AML)

AMLs are mesenchymal tumors composed of varying
proportions of blood vessels, smooth muscle and
mature adipose tissue. These tumors are common in the
kidneys, but hepatic AMLs are very rare'''". As these
lesions are benign, preoperative diagnosis would obviate
unnecessary surgery.

In patients with tuberous sclerosis, hepatic AMLs
are typically small and multiple and show imaging
features consistent with fat on imaging, Contrary to the
imaging appearances of hepatic AMLs in patients with
tuberous sclerosis, sporadic hepatic AMLs have a varied
appearance because of the inconstant proportion of
fat, making confident imaging diagnosis difficult and
necessitating biopsy in many cases'. Sporadic AMLs
appear to be radiologically heterogeneous, reflecting the
variable proportions of fat, smooth muscle and blood
vessels. In contrast to patients with tuberous sclerosis,
most sporadic AMLs are solitary. Depending on the
components of the sporadic AML, imaging usually
shows a hypervascular tumor with heterogeneous areas
of fat. In-and-out-of-phase imaging (chemical shift
imaging) is useful for the detection of the fatty tissue
within AMLs. Contrast-enhanced MRI can be useful to
better depict the presence of vessels within AMLs. The
presence of fat combined with the presence of (especially
central) vessels often is useful for the definite diagnosis
of AML. Still, lipid-poor hepatic, sporadic, AML can

pose a diagnostic challenge, often requiring biopsy'' .

CONCLUSION

Although the primary modalities for liver imaging are
US and CT, recent studies have suggested that CE-MRI
is the most sensitive method for detecting small focal
liver lesions in particular. One of the advantages of MRI
in liver imaging is the better soft tissue contrast, which
allows better detection and characterization of benign
and malignant focal liver lesions. The development of
liver-specific MRI contrast agents has further improved
the diagnostic yield of MRI in lesion detection and
characterization.

In addition, 2 recent developments in MRI sequences
for the upper abdomen comprise unenhanced DWI and
keyhole-based DCE MRI (4D THRIVE). Unenhanced
DWTI has been shown to allow an improved detection
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(b =10 s/mm? of, in particular, small (< 10 mm) focal
liver lesions compared with other, more routinely used,
MRI sequences and is useful as a road map sequence
at the start of each MRI examination of the liver. Also,
using higher b-values, the calculation of ADC value,
the true diffusion coefficient, D, and the perfusion
fraction, f, can be useful for the characterization of focal
liver lesions. DCE 4D THRIVE enables MRI of the
liver with high temporal and spatial resolution with full
liver coverage. 4D THRIVE improves detection and
characterization of focal liver lesions providing multiple
arterial and venous phases. The characterization of
focal liver lesions using parametric maps appears to be
promising for differentiating benign and malignant focal
liver lesions.
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Abstract Minami Y, Kudo M. Contrast-enhanced harmonic ultrasound
imaging in ablation therapy for primary hepatocellular
The success rate of percutaneous radiofrequency (RF)  carcinoma. World J Radiol 2009; 1(1): 86-91 Available from:
ablation for hepatocellular carcinoma (HCC) depends  URL: http://www.wjgnet.com/1949-8470/full/v1/i1/86.htm DOI:
on correct targeting v/a an imaging technique.  http:/dx.doi.org/10.4329/wir.v1.i1.86
However, RF electrode insertion is not completely
accurate for residual HCC nodules because B-mode
ultrasound (US), color Doppler, and power Doppler
US findings ca_nnot adeguately differgntiate between INTRODUCTION
treated and viable residual tumor tissue. Electrode
insertion is also difficult when we must identify the true ~ Hepatocellular carcinoma (HCC) is the most common
HCC nodule among many large regenerated nodules ~ primary hepatic malignancy'™”. Various treatment
in cirrhotic liver. Two breakthroughs in the field of US ~ modalities such as hepatic resection, liver transplantation,
technology, harmonic imaging and the development transcatheter arterial chemoembolization (TACE),
of second-generation contrast agents, have recently =~ percutaneous ethanol injection, radiofrequency (RF)
been described and have demonstrated the potential ablation, microwave coagulative therapy , percutaneous
to dramatically broaden the scope of US diagnosis ethanol injection therapy and high intensity focused
of hepatic lesions. Contrast-enhanced harmonic US ultrasound have been developed resulting in improved
imaging with an intravenous contrast agent can outcomes” . Patients with liver tumors not suitable for
evaluate small hypervascular HCC even when B-mode resection may benefit from minimally invasive treatment
US cannot adequately characterize tumor. Therefore, that provides good palliation or cure. RF ablation is widely
contrast-enhanced harmonic US can facilitate RF performed as a percutaneous local treatment under real-
ablation electrode placement in hypervascular HCC,  time sonographic guidance developed for this purpose”.
which is poorly depicted by B-mode US. The use of = However, multiple sessions of RF ablation therapy ate

144

Jgn?s:aﬁm"* WJR | www.wjgnet.com 86 December 31,2009 | Volume 1 | Issuel |



often required for hepatic malignancies, including cases
in which hepatic nodules ate pootly defined by B-mode
ultrasound (US) alone”. US angiography and computed
tomography (CT) fluoroscopy can be used for accurate
tumor localization, intra-procedural monitoring, and
procedural control™. These methods, however, increase
exposure to radiation because multiple CT scans are
obtained and the method is invasive because of the
angiographic procedures involved. Moreover, an MR-
guided system for RF ablation can show images of hepatic
malignancies that cannot be adequately characterized on
B-mode US. Though we can use Magnetic resonance
imaging (MRI) for reference images, RF ablation
procedure is actually performed under sonographic
guidance. Therefore, an MR-guided system cannot be used
for intraprocedural monitoring and procedural control.
Worldwide, US has functioned as the mainstay of
screening efforts to detect small incidental hepatomas
in high-risk patients. Nevertheless, the limitations of
conventional gray-scale B-mode US for the detection of
focal liver lesions have been well documented"”. Color
Doppler and power Doppler increased the sensitivity
for hepatic lesion detection compared to that of gray-
scale US, but these modalities do not provide levels of
sensitivity comparable to those of contrast-enhanced
axial imaging (CT and MRD"™. Two breakthroughs
in the field of US technology, harmonic imaging and
the development of second-generation contrast agents,
have recently been described and have demonstrated
the potential to dramatically broaden the scope of US
diagnosis of hepatic lesions"*". Contrast-enhanced
harmonic US imaging with an intravenous contrast
agent is considered useful for assessing the therapeutic
response to TACE and RF ablation therapy in patients

[15-19

with hepatic malignancies I and is able to evaluate

small hypervascular HCCs even when B-mode US
cannot adequately characterize the tumors™ .

Therefore, contrast-enhanced harmonic US is
expected to decrease the number of RF ablation treatment
sessions in difficult cases”".

This paper will review the former state of the art
techniques for contrast-enhanced US in RF ablation for
liver cancer, and illustrate the potential of the newer
techniques for improving the targeting in percutaneous
RF ablation therapy.

CONTRAST-ENHANCED HARMONIC US

Contrast agents
Levovist (Schering, Berlin, Germany) is a first generation
US agent consisting of galactosem. A trace of palmitic
acid is added as a surfactant to stabilize the resultant
microbubbles. When Levovist dissolves in blood, air
trapped inside the galactose is released as free gas bubbles.
These bubbles have a weak encapsulating shell and are
easily destroyed by US.

More recently, developed agents made from
fluorocarbon gases and albumin, surfactant, lipid, or
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In vivo kinetics of Sonazoid (liver)
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Figure 1 Kinetics of perfluorocarbon microbubbles (Sonazoid) in the liver.

polymer shells offer an increased persistence of the
microspheres. These second-generation contrast agents
consist of sulfur hexafluoride microbubbles (SonoVue;
Bracco SpA, Milan, Italy), perflutren lipid microbubbles
(Definity; Bristol- Myers Squibb, North Billerica, MA), and
perflutren protein microbubbles (Optison; GE Healthcare,
Buckinghamshire, UK). These microbubbles provide
stable nonlinear oscillation in a low power acoustic field
because of the hard shell of the bubbles, and therefore
produce harmonic signals depicting great detail in real-
time"”*", Perfluorocarbon microbubbles (Sonazoid,;
Daiichi-Sankyo, Tokyo, Japan) also belong to the second-
generation of contrast agents for sonography[38’39]. Unlike
other second-generation contrast agents, perfluorocarbon
microbubbles are taken up by Kupffer cells in the liver.
Therefore, these microbubbles accumulate in the liver
parenchyma over time.

Technology and imaging

A gas bubble or encapsulated microsphere will resonate in
a highly non-linear fashion, with much of the energy in the
returned echo concentrated in harmonics of the insonating
frequencyw)]. Much of the energy of the backscattered
signal is concentrated in or around the second harmonic.
Many modern transducet/receiver systems have sufficient
bandwidth to exploit this by insonating at the main
resonant frequency of the bubble and filtering the returned
signal to detect the second harmonic only. This enables
separation of the signal derived from the contrast agent
from the background tissue signal.

A variety of algorithms are involved in enhancement
of the signal coming from the microbubbles and
cancellation of signals from tissues. In pulse inversion,
also known as phase inversion, two pulses in rapid
succession are emitted into the tissue; the second pulse
undergoes a 180° phase change so as to be a mirror image
of the first. The fundamental response produced in the
tissues, which will be phase-inverted compared with the
fundamental pulses, is erased because the sum of the
two-inverted pulses is zero. In this way, echoes from the
microbubbles are enhanced so as to differentiate them
from those coming from stationary tissues .
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Reinjection of Sonazoid

Figure 2 Indications for contrast-enhanced ultrasound (US) in radio-
frequency (RF) ablation therapy. A: Local tumor progression or residual
hepatic malignancies. Contrast-enhanced US shows not only the tumor but also
ablated areas as a defect image in the post vascular phase. However, viable
tumor is enhanced by reinjection of Sonazoid; B: Hepatic malignancies with
severe cirrhotic change. The true malignant tumor was sited among many large
regenerated nodules in cirrhotic liver. On contrast-enhanced US, the tumor was
distinguishable by reinjection of Sonazoid.

In contrast-enhanced harmonic US with Sonazoid, the
contrast-enhancement pattern of the tumor is determined
by evaluations during the vascular and post vascular
phases (Figure 1P Vascular findings are shown in
the vascular phase (from 10 s to the last 5-7 min after
the injection of contrast agent), and liver parenchymal
findings are shown in the post vascular phase (about
10 min after the injection of contrast agents) because
contrast agents are incorporated into Kupffer cells or liver
sinusoids”™ >, Especially in the vascular phase, the artery-
dominant time zone is called early arterial phase, and
the portal-dominant time zone is called the late vascular
phase. Contrast-enhanced harmonic US using Sonazoid
can provide detailed data, not only of the perfusion
features in the microvascular bed of the liver parenchyma
and tumor during the vascular phase, but also of Kupffer
imaging during the post vascular phase. Malignant hepatic
tumors may be depicted as defect images in real-time
during the post vascular phase.

SONAZOID-ENHANCED HARMONIC US-
GUIDED RF ABLATION
Background

The success rate of percutaneous RF ablation for
hepatic cancer depends on correct targeting via an
imaging technique. However, RF electrode insertion is
not completely accurate for residual nodules of hepatic
cancer because B-mode US, color Doppler, and power
Doppler US findings cannot adequately differentiate
between treated and viable residual tumor tissue'”
Electrode insertion is also difficult when we must identify
true malignant tumors among many large regenerated
nodules in cirrhotic liver™. Therefore, contrast-enhanced
harmonic US can faciliatate RF ablation electrode
placement in hypervascular HCC, which is pootly depicted
by B-mode US (Figure 2).
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Procedure

The sonographic contrast agent is perfluorocarbon
microbubbles (Sonazoid) with a median diameter of
2-3 pum. This contrast agent is reconstituted with 2 mL
distilled water for injection. The anticipated clinical dose
for imaging of liver lesions is 0.010 mL encapsulated gas
per kilogram of body weight, and this contrast agent is
administered as a bolus at a speed of 1 mL/s and then
flushed with 10 mL of normal saline via a 22-gauge
cannula placed in the antecubital vein.

The contrast harmonic imaging mode is adjusted
after the plane showing the area of tumor has been
viewed on B-mode US. Thus, we can see two views as
contrast-enhanced US images and B-mode US images
side by side on the monitor. At the appearance of the
first microbubble signal in the liver parenchyma, patients
are requested to hold their breath. Real-time images
in the optimal scanning plane are displayed by slightly
changing the scanning slice showing the nodule. Hepatic
malignancies are visualized from the enhancement of
intratumoral vessels at the outset (Figure 3) to defects in
the liver parenchyma after a short time. We are able to use
these defect lesions as a target for insertion of a single RF
electrode. Percutaneous insertion of an RF electrode can
be guided by real-time contrast harmonic US (Figure 3).
In patients previously treated with ablation for hepatic
nodules, demonstration of viable nodules among all
nodules detected in post-vascular phase is achieved by re-
injection of a new dose of Sonazoid, in order to confirm
tumor vascularity before electrode insertion. After the
RF electrode has penetrated hepatic malignancies, each
ablation can be performed for a period of more than
8 min with at least 60 watts at treatment initiation.

CLINICAL OUTCOMES

Miyamoto ¢ al”” reported that conventional sonography
identified 30 (57%) of 52 HCCs, whereas Sonazoid-
enhanced US detected 50 (96%) of 52 HCCs. Complete
ablation was achieved at a single session in 48 of 50
tumors. Thus, Sonazoid-enhanced US is a useful technique
for guiding RF ablation of HCCs™,

Numata ¢/ al’" reported that nine (90%) of the 10
lesions that were not detected on conventional US but
were depicted on real-time contrast-enhanced harmonic
gray-scale US with Levovist (incomplete local treatment,
n = 4; small new lesion, # = 6) were successfully treated
with percutaneous ablation therapy guided by this method.
The maximal diameter of the tumors ranged from 0.8 to
2.0 cm with a mean maximal diameter of 1.4 * 0.4 cm
(= SD).

The effectiveness of contrast harmonic sonographic
guidance for RF ablation of locally progressive HCC has
been evaluated prospectively, and the number of treatment
sessions was found to be significantly lower in the
contrast harmonic US group compared to conventional
US (mean: 1.1 £ 0.2 25 1.4 % 0.6, respectively, P = 0.037)*".
In this study, a series of 40 patients with HCC with
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Figure 3 A 66-years-old man with 1.0 cm hepatocellular carcinoma (HCC) (S3) with liver cirrhosis. A: Contrast harmonic US showed HCC nodule as a defect
(arrow) in the post vascular phase after administration of Sonazoid; B: Enhancement (arrow) of HCC was obtained in the defect immediately after reinjection of
Sonazoid; C: The defect (arrow) was later exhibited again and the RF electrode needle (arrowheads) was inserted.

local tumor progression pootly depicted with B-mode
US were randomly treated with RF ablation guided by
either contrast harmonic US (» = 20) or conventional
B-mode US (# = 20). Treatment analysis showed that the
complete ablation rate after a single treatment session was
significantly higher in the contrast harmonic US group
than in the B-mode US group (94.7% vs 65.0%, P = 0.043).

Contrast-enhanced harmonic US using artificial pleural
effusion could depict tumor vascularity in locally recurring
HCC nodules which are located in the right subphrenic
region™. Percutaneous RF ablation guided by contrast-
enhanced harmonic US with artificial pleural effusion
appears to be an efficient approach. Thirteen tumors were
treated by percutaneous RF ablation guided by contrast-
enhanced harmonic US. Complete tumor necrosis was
achieved in a single session of RF ablation in 12 lesions
(92.3%), whereas two sessions were required for the
remaining lesion (# = 1, 7.7%) in cases treated under
contrast-enhanced harmonic US guidance. The maximal
diameter of the tumors ranged from 1.0 to 2.5 cm with a
mean maximal diameter of 1.7 = 0.4 cm (+ SD). There
were no lung injuries, such as pneumothorax, in any
patient. It took approximately 1 wk for pleural effusions
to spontaneously resolve.

OTHER MODALITIES
CO: enhanced US (US angiography)

US angiography enhanced with intraarterial injection of
CO:2 microbubbles is a sensitive tool for the depiction
of small hypervascular HCCs, especially those that are
S SN angiography is also
useful for the accurate demonstration of vascularity within
a tumor and offers useful information for determining
the appropriate therapeutic strategy for the treatment of
HCC. Thus, RF ablation guided by CO2 microbubbles-
enhanced US is a feasible technique for treating local
progression of HCC lesions that cannot be adequately
depicted by conventional US™, However, nodules may
become unclear because bubbles become trapped and
accumulate in sinusoids with repeated injections of
CO:z microbubbles. In addition, this method involves
angiographic procedures that are invasive.

smaller than 1 cm in diameter
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CT fluoroscopy

Under CT fluoroscopy using cither CT arteriography or
iodized oil injection, we can target and puncture hepatic
malignancies using a percutaneous ethanol injection
needle. Real-time CT fluoroscopy is useful to guide the
needle puncture and to monitor ethanol injection in
small hepatic malignancies'’. Another merit of this tech-
nique is that the efficacy of treatment can be evaluated
using contrast-enhanced CT immediately after treat-
ment. However, this therapy would increase exposure
to radiation when multiple CT scans are required, and
is also invasive because of the subsequent angiographic
procedure.

Real-time virtual sonography (RVS)

Virtual CT sonography using magnetic navigation
(RVS; HITACHI Medico, Tokyo, Japan) provides cross-
sectional images of CT volume data corresponding
to the angle of the transducer in the magnetic field in
real-time"*"". This imaging technique displays a real-
time synchronized multiplanar CT image in precisely
the same slice of the US plane. Thus, Real-time RVS
can be used for real-time needle insertion guidance,
especially for nodules demonstrated on CT, but not on
US. Needle insertion guidance using RVS is also useful
for locally recurring nodules next to previously ablated
lesions, which are not usually detected by B-mode
US. Furthermore, this technique is useful for ablation
of the area, to establish a safety margin surrounding
the originally ablated area. However, RVS has some
weakness regarding imaging incompatibility which might
be attributable to the fact that the depth of breath-
holding on CT and US examination varies, and the
chances of this problem also increase when the distance
is greater between the magnetic sensor attached to the
ultrasonic transducer and the magnetic generator.

CONCLUSION

Percutaneous RF ablation guided by contrast-enhanced
harmonic US is an efficient approach for HCCs, which
are not clearly demarcated by B-mode US, in both
untreated and locally recurrent HCC cases. Moteover,
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second generation microbubbles could facilitate contrast
harmonic US guidance of RF ablation by extending the
time limitation, simplifying the procedure, and improving
detectability. RF ablation guided by second generation
microbubbles-enhanced US could become easier and be

an efficient approach for hepatic malignancies that are

not clearly depicted on B-mode sonography.
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Abstract

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

An informative, structured abstracts of no more than
480 words should accompany each manuscript. Abstracts for
original contributions should be structured into the following
sections. AIM (no more than 20 words): Only the purpose
should be included. Please write the aim as the form of “To
investigate/study/...; MATERIALS AND METHODS (no
more than 140 words); RESULTS (no more than 294 words):
You should present P values where appropriate and must
provide relevant data to illustrate how they were obtained, e.g
6.92 £ 3.86 »s 3.61 + 1.67, P < 0.001; CONCLUSION (no
mote than 26 words). Available from: http://www.wjgnet.com/
wijg/help/8.doc

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, rapid communi-
cation and case reports, the main text should be structured into
the following sections: INTRODUCTION, MATERIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in
the main text or in Figures and Tables, but not in both. The
main text format of these sections, editorial, topic highlight,
case reportt, letters to the editors, can be found at: http://www.
wijgnet.com/wjg/help/instructions.jsp.

lllustrations

Figures should be numbered as 1, 2, 3, ez, and mentioned
clearly in the main text. Provide a brief title for each
figure on a separate page. Detailed legends should not be
provided under the figures. This part should be added into
the text where the figures are applicable. Figures should
be either Photoshop or Illustrator files (in tiff, eps, jpeg
formats) at high-resolution. Examples can be found at:
http://www.wjgnet.com/1007-9327/13/4520.pdf; http://
www.wignet.com/1007-9327/13/4554.pdf; http://www.
wignet.com/1007-9327/13/4891.pdf; http://www.wjgnet.
com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled
is necessary in line-art image. Scale bars should be used rather
than magnification factors, with the length of the bar defined
in the legend rather than on the bar itself. File names should
identify the figure and panel. Avoid layering type directly over
shaded or textured areas. Please use uniform legends for the
same subjects. For example: Figure 1 Pathological changes in
atrophic gastritis after treatment. A: ...; B: .; C: .; D: . Er L
F: ..; G: ...ete. 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, e#c., and
mentioned cleatly in the main text. Provide a brief title for
each table. Detailed legends should not be included under
tables, but rather added into the text where applicable. The
information should complement, but not duplicate the text.
Use one horizontal line under the title, a second under column
heads, and a third below the Table, above any footnotes.
Vertical and italic lines should be omitted.
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Notes in tables and illustrations

Data that are not statistically significant should not be noted.
‘P < 0.05,°P < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, ‘P < 0.05 and
P < 0.01 are used. A third series of P values can be expressed
as °P < 0.05 and P < 0.01. Other notes in tables or under
illustrations should be expressed as 'E ’F, °F; or sometimes
as other symbols with a superscript (Arabic numerals) in the
upper left corner. In a multi-curve illustration, each curve
should be labeled with @, o, m, O, A, /\, ez, in a certain
sequence.
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REFERENCES
Coding system
The author should number the references in Arabic numerals
according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content
or after the cited authot’s name. For citation content which is
part of the narration, the coding number and square brackets
should be typeset normally. For example, “Crohn’s disease
(CD) is associated with increased intestinal permeability!™”.
If references are cited directly in the text, they should be put
together within the text, for example, “From references!”? 2",
we know that...”

When the authors write the references, please ensure that
the order in text is the same as in the references section, and
also ensure the spelling accuracy of the first author’s name. Do

not list the same citation twice.

PMID and DOI

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

Style for journal references

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

Style for book references

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

Journals

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

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignhancy of liver
tumors: A prospective controlled two-center study. Workd |
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wijg.13.6356]

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

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-
diarrhoea. Shijie Huaren Xiaohna Zazhi 1999; 7: 285-287

In press

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

Organization as anthor

4 Diabetes Prevention Program Research Group. Hyper-
tension, insulin, and proinsulin in participants with
impaired glucose tolerance. Hypertension 2002; 40: 679-686
[PMID: 12411462 PMCID:2516377 DOI:10.1161/01.
HYP.0000035706.28494.09]

Both personal anthors and an organization as author

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

No author given

6 21st century heart solution may have a sting in the tail.
BM]J 2002; 325: 184 [PMID: 12142303 DOI:10.1136/
bmj.325.7357.184]

Volume with supplement

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

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthap Relat Res 2002; (401): 230-238 [PMID: 12151900
DO1:10.1097/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

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

Chapter in a book (list all anthors)

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

Author(s) and editor(s)

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

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

Conference paper

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

Electronic journal (list all authors)

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

Patent (list all authors)

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

Statistical data
Write as mean = SD or mean * SE.

Statistical expression

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

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

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/wjg/
help/15.doc.

Abbreviations

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

Italics

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

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.
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Restriction enzymes: EcwRI, Hindl, BanHI1, Kbo 1, Kpn 1, et.
Biology: H. pylori, E coll, ete.

RE-SUBMISSION OF THE REVISED PAPER

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-submitted or
uploaded online. The author should send copyright transfer
letter, and responses to the reviewers and science news to us
via email.

Editorial Office

World Journal of Radiology

Editorial Department: Room 903, Building D,
Ocean International Center,

No. 62 Dongsihuan Zhonglu,

Chaoyang District, Beijing 100025, China
E-mail: wit@wjgnet.com
http://www.wjgnet.com

Telephone: +86-10-59080036

Fax: +86-10-85381893

Language evaluation

The language of a manuscript will be graded before it is
sent for revision. (1) Grade A: priority publishing; (2) Grade
B: minor language polishing; (3) Grade C: a great deal of
language polishing needed; and (4) Grade D: rejected. Revised
articles should reach Grade A or B.
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Copyright assignment form
Please download a Copyright assignment form from http://
www.wignet.com/1007-9327 /news/10.doc.

Responses to reviewers

Please revise your article according to the comments/
suggestions provided by the reviewers. The format for responses
to the reviewers” comments can be found at: http:/ /www.wijgnet.
com/1007-9327 /news/12.doc.

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

Science news releases

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

Publication fee

Authors of accepted articles must pay a publication fee.
EDITORIAL, TOPIC HIGHLIGHTS, BOOK REVIEWS
and LETTERS TO THE EDITOR are published free of
charge.
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