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Abstract

Ablation therapy is one of the best curative treatment
options for malignant liver tumors, and can be an alter-
native to resection. Radiofrequency ablation (RFA) of
primary and secondary liver cancers can be performed
safely using percutaneous, laparoscopic, or open surgical
techniques, and RFA has markedly changed the treat-
ment strategy for small hepatocellular carcinoma (HCC).
Percutaneous RFA can achieve the same overall and
disease-free survival as surgical resection for patients
with small HCC. The use of a laparoscopic or open ap-
proach allows repeated placements of RFA electrodes at
multiple sites to ablate larger tumors. RFA combined with
transcatheter arterial chemoembolization will make the
treatment of larger tumors a clinically viable treatment
alternative. However, an accurate evaluation of treatment
response is very important to secure successful RFA ther-
apy. Since a sufficient safety margin (at least 0.5 cm) can
prevent local tumor recurrences, an accurate evaluation
of treatment response is very important to secure suc-
cessful RFA therapy. To minimize complications of RFA,
clinicians should be familiar with the imaging features of
each type of complication. Appropriate management of
complications is essential for successful RFA treatment.

(4 9
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most com-
mon solid cancers wotldwide, with an estimated annual
incidence of at least one million new patients[M. Fur-
thermore, the liveris second only to lymph nodes as a
common site of metastasis from other solid cancers”™™.
Surgery is the only curative option for HCC; however, the
majority of primary liver cancers are not suitable for cura-
tive resection at the time of diagnosis. Difficulties in sur-
gical resection may be related to size, site, and number of
tumors, vascular and extrahepatic involvement as well as
the general condition and liver function of the patientmz].
There is, therefore, a need to develop a simple and effec-
tive technique for the treatment of unresectable tumors
within the liver. In recent years, local ablative techniques
[percutaneous ethanol injection (PEI), microwave coagu-
lation therapy (MCT) and radiofrequency ablation (RFA)]
have emerged in clinical practice to expand the pool of
patients considered for liver-directed therapiesm’m].
Localized application of thermal energy induces tu-
mor cell destruction. When tumor cells are heated above

November 28, 2010 | Volume 2 | Issue 11 |
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45-50°C, intracellular proteins are denatured and cell mem-
branes are destroyed through the dissolution and melting
of lipid bilayersm. RFA is a localized thermal treatment
technique designed to produce tumor destruction by heat-
ing tumor tissue to temperatures that exceed 60°C " The
alternating current of radiofrequency waves passing down
from an uninsulated electrode tip into the surrounding
tissues generates changes in the direction of ions and
creates ionic agitation and frictional heating, This tissue
heating then drives extracellular and intracellular water out
of the tissue, resulting in tissue destruction by coagulative
necrosis'*'”. Currently, RFA has gained popularity based
on the ease of use, safety, reasonable cost and applicability
to minimally invasive techniques. This paper reviews the
current status of RFA for HCC.

EQUIPMENT

RFA electrodes and generators

Three types of RF electrodes are currently available com-
mercially: two brands of retractable needle electrodes
(model 70 and model 90 Starburst XL needles, RITA
Medical Systems, Mountain View, CA, USA; LeVeen
needle electrode, Boston Scientific, Boston, MA, USA)
and an internally cooled electrode (Cool-Tip RF electrode;
Radionics, Burlington, MA, USA)",

The needle electrodes of RITA consist of a 14-gauge
insulated outer needle that houses nine tretractable curved
electrodes of various lengths. When the electrodes are ex-
tended, the device assumes the approximate configuration
of a Christmas tree. Nine of the electrodes are hollow and
contain thermocouples in their tips in order to measure
the temperature of adjacent tissue. The alternating electric
current generator comes in a 250-W model at 460 kHz
(Model 1500X RF Generator, RITA Medical Systems).
The ablation algorithm is based on temperature at the tips
of the electrodes. After the ablation cycle is completed, a
temperature reading from the extended electrodes in ex-
cess of 50°C at 1 min is considered to indicate satisfactory
ablation.

Another RFA device (LeVeen Needle Electrode; Ra-
diotherapeutics) has retractable curved electrodes and
an insulated 17-gauge outer needle that houses 10 solid
retractable curved electrodes that, when deployed, assume
the configuration of an umbrella. The electrodes are man-
ufactured in different lengths (2- to 4.0-cm umbrella diam-
eter). The alternating electric current generator is 200 W
operated at 480 kHz (RF 3000; Boston Scientific). The
ablation algorithm is based on tissue impedance, and abla-
tion is considered successful if the device impedes out.

The third RFA device (Cool-Tip radiofrequency
electrode; Radionics) has an insulated hollow 17-gauge
needle with an exposed needle tip of variable length (2-
or 3-cm). The tip of the needle contains a thermocouple
to record the temperature of adjacent tissue. The shaft of
the needle has two internal channels to allow the needle
to be perfused with chilled water. In an attempt to further
increase the size of the ablation area, the manufacturer
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placed three of the cooled needles in a parallel triangular
cluster with a common hub. The generator has a peak
power output of 200 W and is operated at 480 kHz
(CC-1; Radionics). The ablation algorithm is based on tis-
sue impedance, and ablation is considered successful if
the device impedes out. As a result, successful ablations
usually increase the temperature of the ablated tissue to
above 60°C.

Selection criteria of patients with HCC

In patients with HCC, exclusion criteria should include
evidence of extrahepatic metastases and/or lobar and lo-
cal portal venous thrombosis or uncontrolled liver disease
decompensation, patients with clotting impairment, renal
failure, or Child-Pugh class C cirrhosis. In the EASL Con-
sensus Conference criteria”™”, all patients that had tumor
nodules with a maximum diameter of 3 cm and not more
than three in number with contraindications for surgery
are included.

Assessment of technical effectiveness

The technical effectiveness of ablation is commonly as-
sessed by findings on contrast-enhanced computed to-
mography (CT) or magnetic resonance imaging. A tumor
was considered to have been successfully ablated when
there were no longer any enhanced regions within the
entire tumor during the arterial phase and at least a 0.5 cm
margin of apparently normal hepatic tissue surrounding
the tumor during the portal phase (Figure 1), This
safety margin for RFA therapy is necessary from the
perspective of partial volume effect. Failure to establish
a sufficient ablative safety margin was shown to be an
independently significant risk factor for local tumor pro-
gression on multivariate analysis”™". Part of the tumor was
diagnosed as remaining viable when images of the ablated

area showed nodular peripheral enhancement™.

CLINICAL OUTCOMES

Percutaneous approach

A randomized control trial (RCT) has shown that RFA
achieved sutrvival rates similar to those achieved follow-
ing resection™ (Table 1). Chen ez a/*) conducted a RCT
on 180 patients with a solitary HCC < 5 cm indicated
to receive either percutaneous RFA or surgical resection.
This study showed percutaneous RFA achieved the same
overall and disease-free survival rates as surgical resection
for patients with small solitary HCC. The 1- and 4-year
overall survival rates after percutaneous RFA and surgery
were 95.8%, 67.9% and 93.3%, 64.0%, respectively. The
corresponding disease-free survival rates were 85.9%,
46.4% and 86.6%, 51.6%, respectively. However, in cases
of primary liver cancer in which local curative therapy was
achieved by securing a safety margin, the 4-year survival
rate was relatively high, at 66%-82% (results in Japan)m’zgj.
Percutaneous RFA has an advantage over liver resection in
providing a better short-term postoperative result because
local ablative therapy is a less invasive procedure. Although
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Figure 1 A 61-year-old man with 1.5-cm recurrent hepatocellular carcinoma after ablation therapy in segment 5 of the liver. A: Early-phase dynamic com-
puted tomography (CT) scan shows recurrent tumor (circle). Non-enhanced area (arrowheads) was previously treated by radiofrequency ablation (RFA); B: Contrast
harmonic ultrasound (US) using Levovist shows enhancement of viable focus of a hepatocellular carcinoma (HCC) nodule (circle); C: Portal-phase dynamic CT scan,
which was obtained 3 d after RFA shows that the tumor was not enhanced, indicating complete necrosis of the lesion (arrow); D: Contrast harmonic US, which was
obtained 3 d after ablation shows non-enhanced area (circle).

Author, yr Study type RFA/resection RFA/resection (mean RFA vs resection (%) P
tumor size, cm) (overall survival)
Chen, 2006 RCT 90/90 -/- 65.9 vs 64.0 (4-yr) NS
Takayama, 2009 Retrospective 1315/1235 1.6/1.8 95 vs 94 (2-yr) 0.28
Ueno, 2009 Retrospective 123/110 2.0/2.7 63 vs 80 (5-yr) 0.06
Hiraoka, 2008 Retrospective 105/59 -/- 59.3 vs 59.4 (5-yr) NS
Abu-Hilal, 2008 Retrospective 34/34 3.0/3.8 57 vs 56 (5-yr) 0.3
Gnglielmi, 2008 Retrospective 23/33 -/- 45 vs 55 (5-yr) 0.7
Wakai, 2006 Retrospective 64/85 -/- 30 vs 53 (10-yr) 0.012
Ogihara, 2005 Retrospective 40/47 4.6/74 39 vs 31 (5-yr) 0.79
Montorsi, 2005 Prospective 58/40 -/- 30 vs 53 (4-yr) 0.018
Vivarelli, 2004 Retrospective 79/79 -/- 33 vs 65 (3-yr) 0.002

RFA: Radiofrequency ablation; RCT: Randomized control trial; NS: Not significant.

promising, these data need to be confirmed in larger RCTs
before local ablative therapy can replace partial hepatec-
tomy in the treatment of good surgical candidates.

RFA has also been investigated for treating patients
with large or multifocal tumors. However, the size and
number of tumors are important factors determining the
local recurrence rate after RFA™, Apart from the larger
tumor volume, large liver cancers more frequently have
irregular borders and satellite lesions. Therefore, precise
tailoring of the size and shape of the thermal lesion is im-
portant in RFA for large liver cancers. A number of pre-
cisely calculated ovetlapping coagulation zones are neces-
sary to treat large liver cancers. To increase the size of the
coagulation zone in RFA, investigators tried using vascular
occlusion during REAP™!, Temporary interruption of
hepatic blood flow using vascular occlusion techniques (e.g;
balloon catheter occlusion of the hepatic artery, transcath-
eter arterial embolization (TAE), or transcatheter arterial
chemoembolization (TACE) has been shown to increase
the efficacy of interstitial thermotherapy due to a signifi-
cant increase in lesion volume. Vascular occlusion causes
a reduction of heat dispersion, thus increasing the range
of therapeutic thermal coagulation. Peng ¢z a/”” reported
a seties of 120 patients with HCC, and the 1-, 2-, 3-, and

K
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5-year overall survival rates for the TACE-RFA and RFA
groups were 93%, 83%, 75%, 50%, and 89%, 76%, 64%,
42%, respectively (P = 0.045).

Ultrasound (US)-guided procedutes are necessary but
have limited use when the tumor is located under the dia-
phragm. However, saline solution injection into the pleu-
ral cavity can separate the lung and liver on B-mode US, i.c.
artificial pleural effusion acts as an acoustic media. There
are reports on the feasibility and safety of RFA with at-
tificially induced pleural effusion for HCC located in the
right subphrenic region™". In a series of 24 patients with
HCC located in the hepatic dome, 200-1100 mL of 5%
glucose solution was infused intrathoracically to separate
the lung and liver, thus, complete tumor necrosis in a
single session was achieved in 96.4% of patients™.

Multiple RFA sessions for locally progressive HCCs
were previously required because it is frequently diffi-
cult to distinguish viable tumors from necrotic tissue on
B-mode USP". However, contrast-enhanced harmonic
US imaging is able to evaluate small hypervascular HCCs
even when B-mode US cannot adequately characterize the
tumors™ . In particular, contrast harmonic US has been
improved by the development of second-generation con-
trast agents such as sulfur hexafluoride microbubbles (So-
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Figure 2 A 71-year-old man with 2.0 cm local tumor progression of hepatocellular carcinoma after radiofrequency ablation therapy in segment 8 of the
liver. A: Early-phase dynamic computed tomography (CT) scan shows outgrowth pattern of locally progressive hepatocellular carcinoma (HCC) (arrow). The lesion
borders an unenhanced area, which was previously treated; B: Left: Contrast harmonic Doppler ultrasound (US) using Levovist shows enhancement of local tumor
progression of HCC (arrow). Therefore, an enhanced lesion can be identified as a target for the insertion of a single RF electrode; Right: B-mode US shows a HCC
nodule demonstrated as a low echoic lesion with an unclear border (arrowhead).

noVue; Bracco SpA, Milan, Italy), perflutren lipid micro-
bubbles (Definity; Bristol- Myers Squibb, North Billerica,
MA, USA), perflutren protein microbubbles (Optison; GE
Healthcare, Buckinghamshire, UK), and perfluorocarbon
microbubbles (Sonazoid; Daiichi-Sankyo, Tokyo, Japan).
These microbubbles provide stable nonlinear oscillation in
a low power acoustic field due to the hard shell of these
bubbles, producing great detail in the harmonic signals in
real-time™™*”. It has been reported that contrast harmonic
sonography-guided RFA is an efficient approach for guid-
ing further ablation of hepatic malignancies that are not
clearly demarcated by B-mode US (Figure 2) b,

Laparoscopic/open surgical approach

The use of a laparoscopic or open approach allows re-
peated placements of RFA electrodes at multiple sites
to ablate larger tumors. The laparoscopic approach ap-
pears to be the safest and most effective method for
small tumors on the liver surface, and offers the advan-
tages of laparoscopic US, which provides better resolu-
tion of the number and location of liver tumors”™ ",
Moreover, a hand-assisted technique can be applied
safely and effectively to laparoscopic liver surgerylm’wj.
An intraoperative US probe is inserted into the perito-
neal cavity together with the surgeon’s hand through a
hand-access device. An RF electrode can be subcostally
or intercostally advanced into a liver tumor under di-
rect guidance by intraoperative US. Therefore, a hand-
assisted laparoscopic US-guided method has advantages
for both laparoscopic and open surgical approaches. The
postoperative recovery of patients was shorter compared
with that after an open surgical approach. Ishiko ez al””
reported that the surgical procedures consisted of 5 RFA
to tumors in the caudate lobe with hand-assisted lapa-
roscopic surgery (HALS), and a postoperative CT scan
demonstrated sufficient ablation in all patients and there
was no surgical mortality. The HALS approach has sev-
eral advantages; it facilitates and expedites the procedure,
reduces the stress factor on the surgeon, greatly improves
exposure, and facilitates immediate and efficient control
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of bleeding vessels with the internal hand. The hand-
access device, which essentially consists of a cuff with a
spiral inflatable valve, enables withdrawal and reinsertion
of the hand without loss of pneumoperitoneum during
the procedure. However, the local treatment failure rate
of the laparoscopic approach was higher in patients with
HCC nodules situated deep within the liver and measur-
ing 4 cm or more in diameter®. Great difficulty can be
encountered during treatment of lesions located close to
the gallbladder or in contact with the diaphragm.

Although more invasive, open RFA can be performed
more easily and the puncture course of the RF needle can
be more widely selected than that during the laparoscopic
approach. It has been reported that patients undergoing
radical open RFA demonstrated few ablation site recur-
rences even though the nodules measured more than 4
cm in diameter and/or there were more than three nod-
ules!™, Open RFA can be indicated for patients who are
considered suitable for open surgery with large, numer-
ous, or deeply located tumors that cannot be accurately
accessed by a laparoscopic approach. Furthermore, when
patients have synchronous liver metastases, open surgical
RFA can be performed in conjunction with resection of
the primary cancer.

Local controllability (local tumor progression)

The local recurrence rate after RFA for HCC ranged from
1.7% to 41%™7 (Table 2). As reported by Kudo™, in
a series of 141 HCC patients who underwent curative
RFA therapy, local tumor progression was observed in 9
cases (local tumor progression rate, 6.3%), whereas the
cumulative local tumor progression rate, calculated by the
Kaplan-Meier method, was 12% at 4 years. The rate may
have depended on the size of nodules treated and the skill
of the surgeons. There has not been any definitive report
of local recurrence of nodules measuring 2-cm or smaller,
and we ourselves have not encountered any case show-
ing such recurrence, suggesting that recurrence in such
cases is exceptional. The risk of local tumor progression
increases with size, but the local tumor progression rate
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Author Yr n  Tumor size Follow- Local tumor
(mean, up period progression
cm) (mean, mo) rate (%)
Rossi ef al®! 1996 41 23 22,6 5.0
Buscarini ef al'®! 2001 60 = 26.8 14
Choi et al® 2004 53 21 23 21
Lu et al'*® 2005 87 25 12.7 5.8
Shiina et al™” 2005 118 = 34.8 17
Solmi et al'® 2006 63 28 323 41
Hansler et al'®’ 2007 21 42 = 21
Waki et al™ 2010 88 = 36 48

differs markedly depending on whether or not a circum-
ferential 5-mm safety margin is secured. In a meta-analysis
of RFA »s PEI in HCC, the survival rate showed a sig-
nificant benefit for RFA over PEI at 1, 2, 3 and 4 yearsm].
The sutrvival advantage increased over time with Relative
Risk values of: 1.28 (95% CI: 1.12-1.45) and 1.24 (95% CI:
1.05-1.48) for RFA »s PEI at 3- and 4-years, respectively.
Likewise, RFA achieved significantly lower rates of local
recurrence (RR: 0.37, 95% CI: 0.23-0.59)""",

Complications

Complications reported following percutaneous RFA of
malignant liver tumors in 2320 patients treated at 41 dif-
ferent hospitals in Italy indicate that the mortality rate was
0.3% with an overall complication rate of 7.1%"™. The
authors described major complications (2.4% incidence)
including death, hemorrhage, RFA needle-track seeding,
RFA lesion abscess, perforation of gastrointestinal viscus,
liver failure, biloma, biliary stricture, portal vein thrombo-
sis, and hemothorax or pneumothorax requiring drainage,
and minor complications (4.7% incidence) including pain,
fever, and asymptomatic pleural effusion. Another recent
review indicated that complication rates for percutane-
ous, laparoscopic, and open RFA of hepatic tumors in
3670 patients were 7.2%, 9.5%, and 9.9%, respectivelym.
Complications directly related to the liver included bleed-
ing (1.6%), intrahepatic abscess (1.1%), biliary or hepatic
vascular injury (1.7%), and liver failure (0.8%). Complica-
tions that arose in less than 1% of hepatic tumor RFA
patients included pulmonary problems (pneumothorax,
hydrothorax, pleural effusion), grounding pad skin burn,
myoglobinemia or myoglobinuria, renal failure, coagulopa-
thy, tumor seeding of the needle track, excessive hormone
release from treated neuroendocrine tumors, cardiac prob-
lems (myocardial infarction, arrhythmia), and injury to
the diaphragm or adjacent viscera. Although Llovet e# al™
reported that dissemination along the puncture route was
observed in 12.5% of their patients, only a few such cases
have been reported in Japan, and dissemination may not
occur at such a high frequency. This complication was
almost absent in many reports from Japan™. Overall, the
frequency of major complications of percutaneous RFA
was 0.6%-8.9%, which was higher than that of PEI, but
generally lower than that of MCT?,

K
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Some investigators have suggested that tumor location
is closely related to the risk of major complications. Cen-
tral tumors close to the hepatic hilum were reported to be
unsuitable for percutaneous RFFA because of the risk of
injuring adjacent bile ducts™. Tt was also suggested that
RFA for nodules adjacent to large vessels might often re-
sult in incomplete necrosis because of a heat sink effect.
In addition, peripheral tumors adjacent to extrahepatic
organs were also suggested to be unsuitable because of
the risk of heat injuries, such as intestinal perforation and
pleural effusion™™, Thus, there may be difficulty with
RFA of nodules in such high-risk locations, possibly re-
sulting in complications or preventing adequate treatment.
However, Teratani ¢t al " reported that there was no dif-
ference in eatly complication rates according to tumor lo-
cation. The effort to achieve thorough ablation increased
the total number of electrode insertions, and this may
have led to an increase in complications.

To minimize complications of RFA for malignant
liver tumors, knowledge of risk factors and prevention
methods is required. In addition, because early and ac-
curate diagnosis is necessary for the proper management
of complications, not only radiologists but also hepa-
tologists and surgeons should be familiar with the imag-
ing features of each type of complication. Appropriate
management of complications is essential for successful
treatment with RFA.

CONCLUSION

RFA can be performed safely using percutaneous, lapa-
roscopic, or open surgical techniques, and has markedly
changed the treatment strategy for small HCC. RFA com-
bined with TACE will likely make the treatment of larger
tumors a clinically viable treatment alternative. Moreover,
an accurate evaluation of treatment response is very im-
portant to secure successful RFA therapy. A sufficient
safety margin can prevent local tumor recurrences. How-
ever, surgery is still the recommended treatment modality
for patients with both primary hepatic malignancies. For
inoperable lesions, RFA will likely play a significant role
with a potential curative intent. Currently, the important
clinical issue is that follow-up studies need to be pet-
formed for the early detection and treatment of recur-
rence, either locally or at different sites after RFA.
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Abstract

Technical innovations in digital data management pose a
threat to radiologists in that can we remain in the process
of clinical decision making or be assigned to a second-
ary role in future clinical practice. The value added to the
imaging studies by diagnostic radiologists, or imaging
specialists, has never been questioned more seriously.
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CHANGING ROLES OF IMAGING
SPECIALISTS

Radiologists used to be the first physician to access imag-

(4 9
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ing studies, and were in a position to control imaging stud-
ies. “Always be in Gemba (the actual place of patient care)”
was the principle that all interns used to be taught during
the first year of training. However, technological advances
have made it possible for radiologists to work away from
the radiology department. Teleradiology has enabled ef-
fective sharing of the increased workload on the one
hand, but on the other hand, radiologists have started to
lose control over the production of imaging data. Instead,
referring physicians can more easily assess imaging data
through picture archiving and communication systems, and
imaging flow has started to bypass radiologists. Radiolo-
gists might be losing their role in clinical decision making,

In this context, the value added to the imaging stud-
ies by diagnostic radiologists, or imaging specialists, has
never been more seriously in question'”. Radiologists are
gatekeepers. By their presence in the process of diagnostic
work-up, radiologists can propose the most effective way
of diagnostic work-up. Radiologists ate also guarantors of
the quality of the overall medical care based on accurate
imaging interpretation. To do this, radiologists must be-
come more involved in direct patient management.

DECLINE AND FALL OF THE AMERICAN-

STYLE RADIOLOGY BUSINESS MODEL

Radiologists in Japan have been struggling to establish the
American-style radiology business model, which has been
very successful with its efficiency and high rewards. It
started in 1962, when the Johnson administration passed
the Medicare bill. Since the radiologists” professional fee
was included in Medicare part B, radiology practices be-
came financially independent from hospital business. This
reminds us of the fact that radiology practice entered into
a different stage when Japan’s National Health Insurance
System introduced a radiologists’ professional fee. That
provided us with little room for hospital-independent
practice.
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However, this effective and profitable business model
has been challenged by an increased demand for direct
patient care and 24 h, 7 d a week coverage. The increased
workload and manpower shortages have accelerated out-
sourcing of radiologist manpower. In addition, due to
advanced digital imaging data management, referring phy-
sicians can proceed to clinical decision making without a
radiologists’ interpretation, and radiology reports are more
likely to be handled as a commodity. When performing
and interpreting imaging studies that occur in separate
locations, commoditization of radiology reports has been
accelerated. Patient-centered radiology is also a challenge
to the traditional radiology business model, and radiolo-
gists might have to increase the time to cope with direct
patient care, at least to some extent.

HOW WILL RADIOLOGISTS IN JAPAN

SURVIVE?

Although academic radiology has relatively few differ-
ences in each country, the overall radiology practice is dif-
ferent, and depends on the national policy on healthcare,
particularly in the balance of social welfare and healthcare
industties for profit.

Japan’s traditional socialized medicine has been func-
tioning only in the process of social welfare”, However,
to date, there has been a little room for healthcare busi-
ness for the hospital-based services including radiology,
pathology and anesthesiology. A small number of pa-
thologists started an independent anatomical pathology
practice in their laboratories outside the hospital more
than 10 years ago. Some pathologists might plan a larger
business covering wider areas. A few anesthesiologists’
groups have become independent from hospital practice,
and have started working in the same or different hospi-
tals with greater reward, although these still do not con-
stitute the majority at present.

An increased number of radiologists are now starting
office practice, using teleradiology as a tool. Such a trend
has also changed our hospital practice. This is not limited
to teleradiology, and types of practice can become more
divergent or flexible using the current technology. One of
the staff radiologists in my department works at home 1 d
a week while taking care of her children. Since the worker
can be anywhere in the world, such teleradiology business
can be potentially border-less, but the problems of medi-
cal licensing still exist. The Ministry of Health, Labor and
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Welfare of Japan and the Japanese Medical Association
are keeping an eye on this issue.

FUTURE

Manpower shortage has always been a serious matter, and
it has been accelerated by significantly increased imag-
ing data. Current digital imaging management systems
will certainly help us enhance our productivity. In addi-
tion, there is another factor that will change our working
environment: physician-patient relationships. Traditional
medical care is based on the patient and (sole) physician
relationship, but this differs from current patient care.
Since medical care provided by a team of specialists has
now become common medical practice, the basic struc-
ture of medical care established by the traditional patient-
physician relationship now needs to be redesigned. In this
context, the status and the responsibilities of imaging spe-
cialists need to be better defined. It will certainly influence
the status of radiologists.

Current advances in technology, including mass produc-
tion of imaging data and digital data management systems,
are not necessarily good for radiologists, for the following
reasons. First, they are a cause of significant friction be-
tween human physiology and technology, although ergo-
nomics research on, for example, visual display terminals
might improve our working environment. Second, tech-
nological innovations in digital data management are now
posing a threat to radiologists, and it is not clear whether we
will keep our role in the process of clinical decision mak-
ing or will be assigned to a secondary role in future clinical
practice. However, I am confident that such technology-
physiology friction and the workload-workforce imbalance
will not persist for a long time. In the meantime, we should
maximize our efficiency and maintain a high profile in clini-
cal decision making. “Always be in Gemba” is still effective.
The time to decide our future is now.
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Abstract

Since the association between nephrogenic systemic
fibrosis (NSF) and gadolinium contrast agents (Gd-CAs)
was suggested in 2006, several experimental stud-
ies have been published to elucidate the role of these
agents in the pathogenesis of NSF. Low stability Gd-CAs
have a stimulant effect on human skin and fibroblasts
in culture and modulate the production of collagen by
these cells. Low stability agents have also induced NSF-
like skin changes in a rat model with normal renal func-
tion after multiple repeat administrations. The role of
the 5/6 subtotal nephrectomy rat model in investigating
NSF remains under evaluation.
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Key words: Experimental models; Gadolinium-based
contrast agents; Nephrogenic systemic fibrosis; Patho-

physiology

Peer reviewers: Ahmed A Shokeir, MD, PhD, FEBU, Professor,
Urology Department, Urology and Nephrology Center, Mansoura
University, Mansoura 35516, Egypt; Mohamed Abou El-Ghar,
MD, Department of Radiology, Urology and Nephrology center-
Mansoura University,72 El-gomhoria st, Mansoura, 35516, Egypt

(4 9

;guamaﬁ.,g@ WJR | www.wjgnet.com

Morcos SK, Haylor J. Pathophysiology of nephrogenic sys-
temic fibrosis: A review of experimental data. World J Radiol
2010; 2(11): 427-433 Available from: URL: http://www.wjg-
net.com/1949-8470/full/v2/i11/427 . htm DOI: http://dx.doi.
org/10.4329/wjr.v2.i11.427

INTRODUCTION

Extracellular gadolinium contrast agents (Gd-CAs) are
chelates containing the gadolinium ion (Gd’") which has
been associated with the development of nephrogenic
systemic fibrosis (NSF) in patients with a marked reduc-
tion in renal function”. The epidemiology of NSF as-
sociated with Gd-CAs suggests that the stability of the
Gd-chelate is an important factor in the pathogenesis of
this condition. Stability refers to the relative tendency of
the Gd’" to remain coordinated (attached) to the chelat-
ing ligand. Free Gd™ is highly toxic and can cause splenic
degeneration, central lobular necrosis of the liver, enzyme
inhibition, calcium channel blockade and a variety of hae-
matological abnormalities”. Therefore, it is crucially im-
portant that Gd™" should be strongly attached to a ligand
to avoid its toxic effects. The configuration of the Gd-
CA molecule is either linear (gadopentetate, gadobenate,
gadodiamide, gadoversetamide, gadofosveset and gadox-
etate) or cyclic in which the Gd’* ion is “caged” in the
pre-organized cavity of the ligand (gadoterate, gadobutrol
and gadoteridol), and are available as ionic (where the
remaining carboxyl groups are salified with meglumine or
sodium) or non ionic (in which the number of carboxyl
groups is reduced to three, neutralizing the three positive
charges of the Gd™") preparations. There are differences
in the chemical stability of these agents and, therefore, lia-
bility to release free gadolinium ions. The binding to Gd**
is relatively weak in the non ionic linear molecule, whereas
the cyclic molecule offers better protection and binding
to Gd**P. The physicochemical characteristics of Gd-CA

available for clinical use are summarized in Table 1.
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Molecules of low stability are prone to undergo trans-
metallation with endogenous ions, leading to the release
of free Gd ions (Gd™) which may deposit in tissues and
initiate the process of fibrosis that characterises the con-
dition NSF". Transmetallation is likely to occur if the
elimination of low stability Gd-CAs molecules from the
body is delayed. All Gd-CAs ate eliminated from the body
through the kidneys by glomerular filtration and the excre-
tion half life is prolonged in patients with reduced renal
function, enhancing the opportunity for both transmetal-
lation and release of free Gd*™. Although the pathogen-
esis of NSF remains uncertain, data from experimental
studies are accumulating to support the hypothesis of a
causal relation between low stability Gd-CAs and NSE In
this chapter, experimental studies which have investigated
the stability of Gd-CAs and their effects on fibroblasts
and skin 7 vitro and 7n vivo will be critically evaluated.

STABILITY OF GD-CAS

Thermodynamic stability

The stability of a metal chelate is described as the equilib-
rium between the metal (M), its ligand (L) and the com-
plex ML) of the type: [M] + [L] S [ML]. The thermo-
dynamic stability of Gd-CA is typically expressed as the
thermodynamic stability constant (log Kierm) measured
at very basic condition (pH 11). The conditional thermo-
dynamic stability constant (log Keend) is more appropriate
than log Kuerm to describe thermodynamic stability as it is
measured at the physiological pH 7.4. As the thermody-
namic and conditional stability constants reflect the affin-
ity of gadolinium for its ligand, the higher these stability
constants, the more stable the complex and less free Gd™”
ions and free ligand are present when sufficient time is al-
lowed to reach thermodynamic equilibrium.

Kinetic stability

Kinetic stability reflects the speed of dissociation of the
metal ligand complex and provides insight into the po-
tential of iz viro dissociation”,

The kinetic stability of Gd-CAs, can be assessed
by measuring the dissociation half life (T1/2) under very
acidic conditions (pH 1)P. However, dissociation half
life data of different Gd-CAs has been obtained from
different laboratories making direct comparison between
these agents rather difficult. A recent study evaluated the
dissociation half life (T1/2) of Gd-CAs under the same
laboratory conditions, confirming the following order
for kinetic stability: linear chelates < non-ionic macrocy-
clic chelates < ionic macrocyclic chelates (Table 2)!”.

Transmetallation in vitro

Transmetallation of Gd-CAs leads to release of free
gadolinium through replacement of the Gd™ within the
chelate molecule by another cation such as iron, copper,
zinc ot calcium”. Transmetallation of Gd-CAs would be
difficult if the attachment between the Gd ion and the
chelate were strong. I vive, zinc might have the potential
to displace an amount of Gd’" because its concentration

(49

3ni§l:ﬂ£ng® WJR | www.wjgnet.com

in the blood is relatively high (55-125 pumol/L) whereas,
coppet is present in low concentration (1-10 umol/L) and
calcium ions have low affinity to organic ligandsﬁ’ﬂ. Iron
ions are tightly bound by the storage proteins, ferritin and
haemosiderin, and only a small amount is available for
transmetallation with Gd**"".

A validated and reliable 7 vitro relaxometric method
has been used to evaluate the release of Gd*™ from
gadolinium chelates™” in the presence of Zn”" at pH
7.4. Three classes of Gd-CA were determined using this
approach: (1) Macrocyclic chelates were characterized
by very high kinetic stability; (2) lonic linear chelates for
which a moderate kinetic stability leads to significant de-
complexation in the presence of Zn”" (Gd-DTPA, Gd-
EOB-DTPA, Gd-BOPTA); and (3) Non-ionic linear
chelates which exhibited poor kinetic stability and the
highest extent of decomplexation.

Clinical studies also demonstrated transmetallation
between Gd-CAs and endogenous zinc ions. The non-
ionic linear chelate, Gd-DTPA-BMA (Omniscan®, GE
Healthcare, USA), caused a large increase in zinc excre-
tion that was 3-fold higher than the zincuria induced by
the ionic linear molecule, Gd-DTPA (Magnevist®, Bayer
Healthcare, Germany), in patients undergoing contrast-
enhanced MRI examinations. The presence of free ligand
in Omniscan may have also contributed to the observed
zincuria. No effect on zinc excretion was observed with
the ionic macrocyclic, Gd-CA Gd-DOTA (Dotarem®,
Guerbet, France)"".

Stability of Gd-CA in human serum

A recent study measured the release of free Gd’* after
addition of different Gd-CAs to human serum incubated
at 37°C over 15 d. A highly sensitive high pressure liquid
chromatography connected to mass spectrometry (HPLC-
ICP-MS) method was used to differentiate between dis-
sociated and complex-bound Gd. Early release of Gd
was observed with the linear chelates which increased
with time''". The release induced by non-ionic linear che-
lates was 10-fold higher in comparison to ionic chelates.
Marked release of Gd** from gadodiamide and gadover-
setamide without excess ligand was observed from day
one. The excess ligand in formulated Omniscan® and
OptiMark® (Covidien, USA) offered early protection and
chelated the released Gd** in the first 2 d, but by day 3 the
level of free Gd’* increased about 5-fold from < 0.5% at
day one to almost 2.5%. The amount of Gd released from
Omniscan® and OptiMark® at day 15 was almost 20% of
the dose added compared with 2% for Magnevist®.

The addition of phosphate to serum markedly in-
creased the release of Gd at day one by a factor of 100
with the non-ionic linear preparations and by a factor of
30 with the ionic linear chelates. At day 15, phosphate in-
creased the amount of released Gd’* from 20% to around
35% of the total dose of Omniscan® and OptiMark®. For
Magnevist® the total amount of released Gd™ did not
change and remained at 2%, only the speed of the release
was increased in day one to 2% and remained at this level
up to day 15. No release of Gd’* was observed with the
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Name  Acronym Gd-DTPA Gd-EOB- Gd-BOPTA MS325 Gd-DTPA- Gd-DTPA- Gd-HP- Gd-BT- Gd-DOTA
DTPA BMA BMEA DO3A DO3A
Generic  Gadopen- Gadoxetic acid, Gadobenate Gadofosveset, Gadodiamide Gadoverse- Gadoteridol Gadobutrol Gadoterate
name tetate disodium salt dimeglumine trisodium salt tamide meglumine
dimeglumine
Trade Magnevistd  Primovist® MultiHanced  Vasovist® Omniscand  OptiMARK&4 ProHanced Gadovista  Dotarema
name
Company Bayer-  Bayer-Schering Bracco EPIX GE- Mallinckrodt ~ Bracco Bayer- Guerbet
Schering Healthcare Schering
Chemical structure Open-chain ~ Open-chain =~ Open-chain Open-chain  Open-chain ~ Open-chain Macrocyclic Macrocyclic Macrocyclic
Charge Ionic Ionic Ionic Ionic Nonionic Nonionic Nonionic ~ Nonionic Ionic
Concentration (M) 0.5 0.25 0.5 0.25 0.5 0.5 0.5 1 0.5
Osmolality at 37°C 1960 688 1970 825 789 1110 630 1603 1350
(mOsm/kg H20)
Viscosity (mPa.s) at 29 119 5.3 2.06 14 2 1.3 4.96 2
37C
Formulation Free DTPA Ca-EOB-DTPA No Fosveset Ca-DTPA- Ca-DTPA- [Ca-HP- Ca-BT- No
(1 mmol/L) (trisodium salt) formulation (0.325 mmol/ BMA BMEA (Na* DO3Al2  DO3A (Na" formulation
(1.5 mmol/L) L) (caldiamide) salt) (50 (Ca™ salt) salt) (1.0
(Na'salt) 25  mmol/L) (0.5mmol/ mmol/L)
mmol/L) L)
Hydrophilicity (log -3.16 211 -2.33 2211 -2.13 N/A -1.98 -2 -2.87
P Butanol/water)
log Kiherm 221 23.5 22.6 22.06 16.9 16.6 23.8 21.8 25.6
log Keond 17.7 18.7 18.4 18.9 14.9 15 171 14.7 19.3
Kinetic Stability® Low Medium Medium Medium Low Low High High High

“Low: long-time index < 0.3, Medium: Long-time index 0.49 to 0.86; High: Long-time index > 0.95. N/ A: Not available.

macrocyclic Gd-CAs even after the addition of phosphate
to the serum'" .

These data support the high stability of the macrocy-
clic Gd-CAs and that the non-ionic linear chelates have
the lowest stability. The ionic linear chelates have a moder-
ately higher stability in compatison to the non-ionic linear
preparations as they released only a small amount of free

Gd™* throughout the observation period“”.

TISSUE RETENTION OF GD-CA

There atre several factors 7 vivo such as endogenous ions,
enzymes and other biological elements that may work si-
multaneously to dissociate the Gd-CA with unpredictable
effects'”. Therefore, it has been suggested that ex-vivo data
are not reliable to predict the behaviour of Gd-CA 7 vive
as the conditions under which these measurements are
obtained are disparate from those found 7 vive"?

Retention of gadolinium in tissues has been used to
assess the stability of Gd-CAs i vive. Once Gd™" is dis-
sociated from its ligand, it can deposit in body tissues and
may persist for long periods of time. On the other hand,
virtually all the injected water soluble undissociated chelate
is eliminated from the body after 3 d in the presence of
normal renal function. Therefore, most of the gadolinium
detected in the body 5 d after administration of a Gd-CA
is likely to be released from the chelate™. Thus, the lower
the stability of the Gd-CA, the higher the retention of
gadolinium in tissues.

Tweedle ef al” compared the percent injected doses
(%ID)/g-tissue of "’Gd-labelled contrast agents in sev-
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eral organs in mice and rats, and found that Gd retention
in tissues 2 wk after injection was 3 times greater fol-
lowing Omniscan compared to the ionic linear chelate,
Magnevist®. Gd retention in tissues was minimal with the
macrocyclic agents, Dotarem® and ProHance® (Bracco,
Italy). The long-term retention of gadolinium in the skin
after intravenous administration of commercially avail-
able Gd-CAs has also been investigated in the normal rat.
The contrast agents were injected daily at the dose of 2.5
mmol/kg bodyweight for 5 consecutive days. Skin biop-
sies were taken at various time points up to a year after the
last injection to measure total gadolinium concentration
using Inductively Coupled Plasma Mass Spectrometry
(ICP-MS). Retention of gadolinium in the skin was found
throughout the observation period which correlated with
the Gd-CA stability. The amount of gadolinium retention
in the skin followed the order: Omniscan® > OptiMark®
> Magnevist®. Only a minimal amount of gadolinium re-

. . . 14
tention was observed with the macrocyclic ztgentsl ]

IN VITRO STUDIES

Edward ¢t a/™” found that Omniscan® (10-500 umol/L)
stimulated proliferation of normal human skin fibroblasts
in culture. However, since no proliferation was seen with
Gd chloride, the response to Omniscan® was attributed
to the Gd-chelate molecule rather than free Gd’". How-
ever, the same group in a recent study demonstrated that
Gd chloride can stimulate the proliferation of fibroblasts
confirming a role for free Gd™ in this effect"”. Serum
from NSF patients stimulated the proliferation of normal
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Gd-CA T2, pH 1.2 T2, pH 1 T2, pH 1 T2, pH 1 (Temp 250)
Temperature (C) 370 370 250

Dotarema (Guerbet, France) 85h 23h 338 h 338 h
Gadovista (Bayer Schering Pharma AG, Germany) 18h 7h 43h 43h
ProHancea (Bracco, Italy) 4h 1.6h 39h 39h

All linear chelates ND ND <5s <5s

Gd-CA: Gadolinium contrast agent.

human skin fibroblasts but had no effect on fibroblasts
derived from NSF patients, suggesting that once activated,
these fibroblasts can not be activated further!".

A subsequent study by Varani ef al'" confirmed the
stimulant effect of Omniscan® on the proliferation of
human fibroblasts over a lower concentration range (0.5-
25 umol/L) with no proliferative effect on human kerati-
nocytes. However, a proliferative response to Gd chloride
was detected, an effect inhibited in the presence of the
free ligand, DTPA. More stable Gd-CAs also induced
proliferation but at a higher minimum concentration,
50 umol/L for Magnevist” and Multihance® (Bracco, Ita-
ly) and 25 mmol/1. for the macrocylic Prohance® (Bracco,
Ttaly) a 100000 higher concentration than Omniscan®.
These data taken as a whole would support a role for
released Gd’" ions rather than the entire Gd chelate mol-
ecule in the proliferative effect of Gd-CA. An experiment
to establish whether the response to Omniscan® can be
inhibited in the presence of a large amount of free ligands
to chelate released Gd’* ions is warranted.

MATRIX SUBSTANCES

The effect of Gd-CAs on matrix protein synthesis 7 vitro
is somewhat controversial, but they appear to modulate
the synthesis of the enzymes that control collagen synthe-
sis'". Omniscan® has been shown to increase hyaluronan
synthesis in cultured normal human dermal fibroblasts
together with an enhanced immunostain for a-smooth
muscle actin (0-SMA)"”. Human skin fibroblasts de-
rived from patients with NSF released higher levels of
hyaluronan and the procollagen metabolite, procollagen
type-1 C-propeptide (CICP). They also showed positive
immunostain for «-SMA. Interestingly, serum from NSF
patients stimulated both collagen (up to 3.3-fold) and
hyaluronan synthesis (up to 7-fold) in healthy skin fibro-
blasts compared to serum from ecither healthy volunteers
or dialysis patients. However, NSF serum had little effect
on skin fibroblasts derived from NSF patients, suggesting
these fibroblasts had already been maximally stimulated.
Edward ez /™ concluded that the ability of Omniscan® to
stimulate fibroblast growth, differentiation and matrix syn-
thesis supported its role in the pathophysiology of NSE

ANIMAL STUDIES /N VIVO

Cytokine production was investigated in the normal rat
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injected with 2.5 mmol/kg per day of gadodiamide
(Omniscan® without excess chelate) for up to 8 d once,
three or 8 times. Animals were sacrificed 6 h after the
last injection“s]. Gadodiamide for up to 8 d increased
vascular endothelial growth factor (VEGF), osteopontin
(OPN) and TIMP-1 in serum collected 6 h after the last
dose. VEGF enhances vascular permeability and pro-
motes angiogenesis. OPN regulates macrophage activity
in response to calcification, cell-matrix interaction and is
a chemoattractant for dendritic cells and t-lymphocytes,
while TIMP-1-inhibits extracellular matrix degradation.

Gadolinium was detected in the skin, liver and femur
and the detected amount increased with the total injected
dose of gadodiamide. Gadolinium deposition in tissues
was proposed to initiate a physiological response simi-
lar to tissue calcification seen in patients with advanced
chronic kidney disease. This includes upregulation of
OPN, chemoattractants for macrophages and monocytes,
and cytokines that increase the vascular permeability and
modulate extra-cellular matrix synthesis'”. All animals in-
jected with gadodiamide over 8 d developed macroscopic
skin lesions (reddening, ulceration and scab formation).
Dermal microscopic changes included cellular infiltration
and thickening of the collagen fibres'"”.

MODELS OF NSF

Expetimental studies using normal rats and rats with 5/6
subtotal nephrectomy have been carried out to investigate
the association between Gd-CAs and NSE The subtotal
nephrectomy model was proposed to reproduce 7 vivo a
comparable situation to that of patients with advanced
chronic kidney disease.

Rat with normal renal function

Gd-CAs at the dose of 2.5 mmol/kg per day administered
intravenously 5 d a week over 4 wk has been proposed to
induce skin lesions consistent with human NSF'"*". Skin
lesions were observed as eatly as 8 d after starting non-for-
mulated gadodiamide and 20 d after starting Omniscan®
(with excess chelate). No skin lesions were observed with
either the Omniscan® ligand, caldiamide (Ca-DTPA-
BMA) or with Magnevist®. The incidence of skin lesions
(ulceration, fibrosis, CD34+ cell infiltration and increased
cellularity) was qualitatively associated with gadolinium
concentrations in tissues. The highest Gd concentrations
were found in animals that received either gadodiamide or
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the less stable Gd-EDTA. These data support the concept
that NSF-like skin lesions are associated with gadolinium
release from low stability chelates" ™"

The induction of skin lesions by low stability Gd-CAs
in this model, despite their short half-life (20 min) and
rapid elimination, suggests that some dissociation of the
Gd-CA and release of free Gd™" may occur even in the
presence of normal renal function. Frenzel ez al"™ showed
that the dissociation of Omniscan®

. 3+ .
in human serum and the release of free Gd’ increases

occurs from day one

with time. It is reasonable to conclude from these studies
that multiple repeat injections of low stability Gd-CAs in
the absence of renal impairment could lead to gradual ac-
cumulation of Gd™ in tissues until it reaches a threshold
level that triggers the fibrotic process. A previous study
in man has shown that Gd’* deposition in bone occurs
in patients with normal renal function. In this study, the
Gd’™" retention in bone with Omniscan® was 2-4 times
more than ProHance®, a non-ionic macrocyclic Gd-CAP".

Rats with partial nephrectomy

Grant et al™ investigated the effects of Gd-CAs in partial-
ly nephrectomised rats, with a reported serum creatinine
level twice that of healthy animals. Rats received a dose
of 5 mmol/kg body weight of Omniscan®, Magnevist®,
1 mmol/kg body weight of gadodiamide or Gd chloride
or 25 pmol/kg body weight of gadolinium citrate daily
except weekends (total of 10 doses). Rats were sacrificed
on day 15, 3 d after the last injection. Both gadodiamide
(1 mmol/kg per day) and Omniscan® (5 mmol/kg per
day) induced macroscopic and histological skin lesions.
Skin lesions were greater and developed more rapidly in
animals which received gadodiamide in comparison to
those which received Omniscan® (gadodiamide + excess
ligand) confirming initial beneficial effects of the excess
ligand, caldiamide, in the Omniscan® preparation. No
macroscopic or histological skin lesions were observed
with Magnevist® or with the gadolinium salts, chloride or
citrate. Grant ¢z al”” concluded that the skin lesions de-
tected did not represent NSE, due to absence of fibrosis
and CD34 positive cells. The authors indicated that the ul-
cerative skin lesions were produced secondary to scratch-
ing precipitated by an allergic response since there was
some elevation of plasma histamine and an increase in
dermal mast cells. The possibility that the dermatological
changes could be a reaction to Gd deposition in the skin
was not considered. Interestingly, itching and macroscopic
skin lesions were only observed in animals with a high
skin Gd content and no acute inflammatory response was
observed when the skin Gd content was low. However,
we would agree only with the statement of Grant ez al”
that the model described was not an animal model of
NSF since: (1) Ulcerative skin lesions are not a feature of
NSF in man and should not be used as the endpoint of
detection in an animal model. Their presence may modify
or obscure the microscopic and immunohistochemical
features of NSF in the skin; (2) The development of NSF
in the rat requires time and allowing only 3 d following
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cessation of Gd-CA administration is too short for the
detection of typical histological changes of NSF; and (3)
The only immutable epidemiological feature of human
NSF is renal impairment. Marked reduction in GFR was
not demonstrated in the study by Grant ¢z a/*”.

Grant et a/” also commented that Gd salts are not
suitable for investigating the role of free Gd3+ in vivo.
Free Gd’" ions within the intravascular compartment fol-
lowing intravenous administration of Gd chloride/citrate
will form insoluble salts with body anions such as phos-
phate and hydroxide. These insoluble Gd salts would be
attached to plasma proteins forming colloid micro-emboli
which in turn will be phagocytosed by the reticuloendo-
thelial system, particularly in the liver and spleen causing
toxic effects in these organs. According to Grant ez al™,
for Gd’* to be delivered to the skin or other organs it has
to be in a soluble form i.e. while it is still in the chelated
form. We agree with this suggestion and believe that delay
in excretion of the Gd-chelate molecules would allow time
for their dissociation in the extravascular extracellular fluid
leading to deposition of insoluble gadolinium salts in the
skin and other organs. These salts could be phagocytosed
by local macrophages precipitating the release of varieties
of profibrotic cytokines. Boyd ez al? employing scanning
electron microscopy and energy dispersive x-ray spectros-
copy (SEM/EDS) demonstrated gadolinium deposition in
association with calcium phosphate in the skin of patients
affected with NSFE It is also probable that the released
Gd’* may penetrate local fibroblasts causing direct activa-
tion of these cells as shown in # vifro studies' ", It is less
likely that the entire Gd-CA molecule, which is highly hy-
drophilic, would enter the cell.

Grant ¢ ol did not adequately discuss the importance
of the stability of Gd-CA although there are several ob-
servations in the study to indicate that released Gd from
the low stability Gd-CA, Omniscan®, is likely to be the
culprit of the observed skin lesions. The study showed
that the excess ligand in Omniscan® provided an initial
protective effect which is mainly due to reducing trans-
metallation with endogenous ions and chelating released
free Gd™" ions. In addition, higher retention of gadolinium
in the skin was found with gadodiamide and Omniscan®
in comparison to the more stable Magnevist®. The authors
indicated that analytical technique did not allow them to
determine whether the gadolinium detected in tissue is re-
leased free Gd™" or the whole Gd-chelate molecule. How-
evet, recent work by Abraham ez al™ using SIMS ion mi-
croscopy has confirmed that gadolinium detected in skin
is insoluble gadolinium precipitated with tissue anions.

CONCLUSION

Since a causal relation between low stability Gd-CAs
and NSF was suggested in 2006, several experimental
studies to elucidate this possible association have been
published. However, there has been no consensus on the
requirements of the ideal animal model of NSE. Initial
studies by Sieber e a/”" indicated that rats with normal
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renal function receiving multiple large doses of a Gd-CA
could be used as a suitable model for NSE However, the
model lacks an essential clinical feature of NSF which is a
marked reduction in renal function. The animal model of
a 5/6 subtotal nephrectomy was subsequently proposed to
reproduce 7 vivo a comparable situation to that of patients
with advanced chronic kidney disease. Reported experi-
ence with this model so far has been mixed, some authors
concluded that it is not a suitable model of NSF*, while
others have used the model to investigate long-term reten-
tion of Gd in tissues™. In the authors view a good animal
model of NSF should possess the following features: (1)
Histological changes of the skin similar to those seen in
human NSF®: (a) dermal cellularity for monocytes and
fibrocytes/fibroblasts; (b) thickness of collagen bundles
with dectreased interstitial space; and (c) fibroblast/fibro-
cyte markers including CD34, collagen and o-SMA; (2)
Absence of macroscopic skin lesions; (3) Reduction in
GFR, equivalent to stage 5 CKD in man; (4) Adequate
time allowed after Gd-CA injection and before sacrifice;
and (5) Quantitative assessment of skin collagen.

We have considerable experience in the use of rats
following 5/6 subtotal nephrectomy and have recently
reported a positive correlation between the reduction
in renal function, the retention of gadolinium in tissues
and histological response of the skin following a single

®[27
®1 More recently, we re-

intravenous dose of Omniscan
ported a differential response of Gd retention in tissues
and histological changes in the skin between Dotarem and
Omniscan in rats with subtotal nephrectomy, with high
retention of Gd in the skin associated with increase in
cell cellularity and collagen of the dermis following Om-
niscan. These changes were absent with the highly stable
Dotarem™, A recent report by other authors employing
the subtotal nephrectomy model, found that the retention
of Gd in tissues following Omniscan administration was
mainly due to dechelated gado]inium[zg].

Finally, the role of lanthanides in stimulating fibril-
logenesis was identified more than 20 years agom‘m. Cur-
rent experimental data support the view that gadolinium
released from low stability Gd-CAs is an important factor

in promoting fibrosis, the predominant feature of NSE
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Abstract

AIM: To study the peripheral dose (PD) from high-
energy photon beams in radiotherapy using the metal
oxide semiconductor field effect transistor (MOSFET)
dose verification system.

METHODS: The radiation dose absorbed by the MOS-
FET detector was calculated taking into account the
manufacturer’s Correction Factor, the Calibration Factor
and the threshold voltage shift. PD measurements were
carried out for three different field sizes (5 cm x 5 cm,
10 cm x 10 cm and 15 cm x 15 ¢cm) and for various
depths with the source to surface distance set at 100
cm. Dose measurements were realized on the central
axis and then at distances (1 to 18 cm) parallel to the
edge of the field, and were expressed as the percent-
age PD (% PD) with respect to the maximum dose (dmax).
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The accuracy of the results was evaluated with respect
to a calibrated 0.3 cm’ ionization chamber. The repro-
ducibility was expressed in terms of standard deviation
(s) and coefficient of variation.

RESULTS: % PD is higher near the phantom surface
and drops to a minimum at the depth of dmax, and then
tends to become constant with depth. Internal scat-
ter radiation is the predominant source of PD and the
depth dependence is determined by the attenuation of
the primary photons. Closer to the field edge, where
internal scatter from the phantom dominates, the %
PD increases with depth because the ratio of the scat-
ter to primary increases with depth. A few centimeters
away from the field, where collimator scatter and leak-
age dominate, the % PD decreases with depth, due to
attenuation by the water. The % PD decreases almost
exponentially with the increase of distance from the
field edge. The decrease of the % PD is more than 60%
and can reach up to 90% as the measurement point
departs from the edge of the field. For a given distance,
the % PD is significantly higher for larger field sizes,
due to the increase of the scattering volume. Finally, the
measured PD obtained with MOSFET is higher than that
obtained with an ionization chamber with percentage
differences being from 0.6% to 34.0%. However, when
normalized to the central dmax this difference is less than
1%. The MOSFET system, in the early stage of its life,
has a dose measurement reproducibility of within 1.8%,
2.7%, 8.9% and 13.6% for 22.8, 11.3, 3.5 and 1.3 cGy
dose assessments, respectively. In the late stage of
MOSFET life the corresponding values change to 1.5%,
4.8%, 11.1% and 29.9% for 21.8, 2.9, 1.6 and 1.0 cGy,
respectively.

CONCLUSION: Comparative results acquired with
the MOSFET and with an ionization chamber show fair
agreement, supporting the suitability of this measure-
ment for clinical /n vivo dosimetry.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

With radiotherapy treatment modalities there is an in-
crease in tumor cure rates, and additionally, there are a
significant number of patients who are irradiated for
benign diseases'. During radiotherapy treatment with
high-energy photon beams, a small fraction of the deliv-
ered dose is absorbed a few centimetres away from the
irradiated field”. This dose is known as petipheral dose
(PD) and, compared to higher doses, the associated can-
cer risk is likely to be much lower but not insignificant”,

The risk for secondary cancer associated with low
doses of ionizing radiation, especially appearing in long-
term surviving patients, is gaining new interest every day".
Dérr er al" showed that the majority of secondary tumors
within the margin region of the treatment volume (from
2.5 cm inside to 5 cm outside the margin of the planning
target volume) received a dose less than 6 Gy. Brenner
et al” reported that there is a 40% increase in solid tumors
in the lung after radiotherapy of the prostate, where the
lung is receiving doses in the range of 0.5-1.0 Gy. Since
there is no dose that is regarded as safe, assessment of
PDs to radiosensitive tissue/organs, such as the breast,
the gonads and the thyroid, is essential to determine the
possible risk of late effects, such as secondary cancers that
could appear in long-term surviving patients (e.g. pediat-
ric patients)[é’ﬂ. In general, it is of extreme importance to
calculate the PD down to the level of 0.1% of the central
axis maximum dose (dm)” and its determination has been
the subject of extensive investigation” . Metal oxide
semiconductor field effect transistor (MOSFET) is used
as a clinical dosimeter for radiotherapy beams, and mobi-
leMOSFET seems to be the appropriate dose verification
systemmml, since due to its small size it can be positioned
very easily on the patient’s skin, and can evaluate the deliv-
ered dose both at the target and at organs at risk”".

This paper aims to assess the PD in high-energy pho-
ton beam radiotherapy as a function of the distance from
the edge of the field, the depth, the field size and the en-
ergy of the photon beam, while the overall accuracy has
been investigated by comparing the derived experimental
results to corresponding ones obtained with an ionization
chamber. Additionally, the paper aims to investigate the
reproducibility of the mobileMOSFET dose verification
system with respect to the low PDs.
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MATERIALS AND METHODS

The present study was carried out in the Radiotherapy
Department of the University Hospital of Patras, where
the measurements were made with 6 MV and 18 MV X-ray
beams of an ELEKTA SLI linear accelerator. Thomson
Nielsen’s mobileMOSFET Dose Verification System (TN-
RD-70-W) with standard sensitivity MOSFET dosimeter
(TN-502 RD) were used for the dose measurements.

MobileMOSFET (TN-RD-70-W) is Best Medical
Canada Ltd’s mobile, battery-operated dose verification
system. The system consists of PC-based uset-interface
softwate and one mobileMOSFET reader module. The
mobileMOSFET reader was set up in the treatment room,
connected to the dosimeters and the measurement cit-
cuitry was arranged. The measurement procedure was
controlled by a PC using the mobileMOSFET software
through an RS-232C cable or the provided wireless trans-
ceiver. The software provides a console on screen for the
operator to perform all required actions in the dose mea-
surements, such as reading, displaying, saving and printing
results. MOSFET dosimeters were placed in a water phan-
tom. The dose measurements were carried out by clicking
the “start” and “read” buttons on the dose measurement
screen’’!,

The MOSFET dosimeter was set at the high bias in
order to achieve the highest sensitivity at lower doses. The
first step of the study consisted of the calibration proce-
dure, measuring the radiation sensitivity of the dosimeter
under known conditions. Each dosimeter was placed on
the central axis of the 6 MV and 18 MV photon beam at
10 cm depth inside a water phantom, with the irradiated
field size set at 10 cm X 10 cm. The dosimeter received a
nominal dose of 200 cGy and the output voltage of the
reader was compared to the set level. The ratio of the
measured voltage difference value (AV) to the radiation
dose delivered determines the calibration factor (CF),
also known as sensitivity. To improve the accuracy of the
calibration procedure, the measurement was repeated four
times and the average value of the CF was calculated.

The radiation dose absorbed by the MOSFET was
calculated by the threshold voltage shift (AV) attributed
to the irradiation, according to the formula: dose = CR
X AV/CE

Where CR is the manufacturer’s Correction Factor
which is equal to 1.

The threshold voltage shift is proportional to the dose
deposited in the active volume of the MOSFET and in-
creases linearly up to an inherent functional limit of 20
V, beyond which the voltage change is no longer propor-
tional to the dose.

PD measurements

PD measurements were made in a water phantom
with dimensions 54 cm X 52 cm X 30 cm. The field
sizes at the surface of the phantom were set at 5 cm X
5cm, 10 cm X 10 cm and 15 cm X 15 c¢m and the source
to surface distance was set at 100 cm. A representative ex-
perimental arrangement is shown in Figure 1.
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SSD = 100 cm

Y oo

Figure 1 Geometry set-up of the peripheral dose measurements in a water
phantom where a is the distance from the edge of the field (from 1 to 18
cm) where the MOSFET dosimeter was placed, and dmax is 1.5 and 3.3 cm
for 6 and 18 MV, respectively. This shape represents the MOSFET dosimeter.

Dose measurements were realized on the central axis
and then in peripheral regions at several distances (1 to
18 cm) from the edge of the primary geometric field, and
for various depths. All the results are expressed as the pet-
centage PD (% PD) with respect to the dmas of each field.
Note that since the dimensions of the irradiated field
increase with depth, due to the cone beam geometry, the
axis of the PD measurements points (were the MOSFET
dosimeter was placed) was not parallel to the central axis,
but parallel to the edge of the field in order to keep the
distance « from the edge of the primary field constant for
all depths (Figure 1).

The % PD from the edge of the field was studied with
respect to the field size and depth for 6 and 18 MV beams,
and the results were evaluated for their accuracy against
corresponding values obtained with a PTW 0.3 cm’ Uni-
dos ionization chamber.

Each MOSFET was read immediately after exposure
to minimize the potential effects of charge recombination
and [;ggealing and in order to achieve electronic stabiliza-
tion™ ",

MOSFET reproducibility

The reproducibility of the dose measurements, which is a
critical indicator for any dose verification system, was esti-
mated. For different dose levels (4 for the eatly stage, and
6 for the late stage) the same measurement was repeated
6 times, and the shift voltage was measuted. The standard
deviation (s) which represents the reproducibility of each
measurement, as well as the coefficient of variation (CV),
wete deduced according to the following formulae:

g(x, ¥y

N-1

CV=—=-100%

=]

Where N is the number of measurements, x; the dose
measurement and x the mean value of the measurements.

K
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Figure 2 Effect of depth on percentage peripheral dose for 6 and 18 MV
beams for various field sizes at (A) 5 cm off axis distance and (B) 15 cm
off axis distance.

RESULTS

PD measurements

% PDs at distances of 5 and 15 cm from the field edge
are presented as functions of the depth for both photon
energies and for various field sizes (5 cm X 5 cm, 10 cm X
10 cm and 15 cm X 15 cm) in Figure 2A and B. From the
curves it is obvious that the dose is higher near the surface
and drops to a minimum at the depth of dmas, and then
the % PD tends to become constant with depth.

The variations of the % PD with distance from the
field edge from 1 to 18 cm as a function of the field
size and depth (0, 1.5 and 10.0 cm) for both energies are
shown in Table 1.

The % PD decreases almost exponentially with the
increase of distance. Figure 3 shows this behavior for the
three field sizes and both energies (6 and 18 MV) while
the same behavior of the % PD as a function of the
depth (0, 0.2, 0.5, 1.0, 1.5, 5.0, 10.0 and 15.0 cm) can be
noted in Figure 4.

Finally, the accuracy of the mobileMOSFET dose
verification system was evaluated by comparing PD mea-
surements with corresponding measurements obtained
with 2 PTW 0.3 cm’ ionization chamber and the results
are represented in Figure 5A and B.

MOSFET reproducibility
The MOSFET system, in high sensitivity mode, and in the
carly stage of its life (0-4000 mV) has a dose measurement
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Depth (cm)
V] 1.5 10
Distance (cm) 1 5 10 1 5 10 1 5 10
5x5 (6 MV) 3.22 1.30 0.79 3.88 1.32 0.59 4.64 1.36 0.49
5x5 (18 MV) B2 1.29 0.67 5.87 1.57 0.74 7.59 0.79 0.38
10 x 10 (6 MV) 6.84 3.53 1.75 6.03 1.65 0.89 7.59 211 1.28
10 x 10 (18 MV) 8.18 3.82 2.00 11.81 3.19 1.36 7.32 1.74 0.73
15 x15 (6 MV) 10.52 5.80 3.48 7.23 2.64 1.10 9.52 3.41 1.66
15 x 15 (18 MV) 12.90 6.60 3.72 12.94 4.28 341 8.17 2.66 1.11
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Figure 3 Percentage peripheral dose at surface vs distance from the field B 16 o 5 x 5 (18 MV) MOSFET
edge for various field sizes and both energies. 14L 3 o 5x 5 (18 MV) IC
& 10 x 10 (18 MV) MOSFET
o 121 x 10 x 10 (18 MV) IC
- 3 x 15 x 15 (18 MV) MOSFET
A S . o Depth 1.5 % 10 -« o 15 x 15 (18 MV) IC
o o Depth 0 o 8 o
= X
4 - & Depth 0.2 =3
© % x Depth 0.5 g 6
4] . * Depth 1.0 ° R
= 3r o Depth 5.0 S 4r o x z
o] + Depth 10.0 N
& - Depth 15.0 2r ! x
m 2 [ 0 | | | | \g I}
(=N
L § 0 2 4 6 8 10 12
1+ Distance (cm)
% ‘
0 ! ! ! ! ! ! ! ! Figure 5 Percentage peripheral dose obtained with metal oxide semicon-
0 2 4 6 8 10 12 14 16 ductor field effect transistor and the ionization chamber for various field
Distance (cm) sizes as a function of distance from the surface using the (A) 6 MV and (B)
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3 4r ; . middle stage of its life has the value of 2.90 mV/cGy and
) 5L o : . finally at the end of its lifetime the value is 2.80 mV/cGy.
3 A 2
0 | | ? s |
0 5 10 15 20 DISCUSSION

Distance (cm)

Figure 4 Effect of distance on percentage peripheral dose, using the 6 MV
beam, for various depths for (A) 5 cm x 5 cm and (B) 15 cm x 15 cm.

reproducibility of within 1.8%, 2.7%, 8.9% and 13.6% for
22.8,11.3, 3.5 and 1.3 cGy dose assessments, respectively.
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From the curves of Figure 2A and B it is obvious that the
PD is higher near the surface and drops to a minimum at
the depth of dma, and then the % PD tends to become
constant with depth. Internal scatter radiation is the pre-
dominant source of PD and the depth dependence is
determined by the attenuation of the primary photons[m.
This is more evident away from the field edge. This might
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Figure 6 Coefficient of variation vs dose.

seem to be in disagreement with Fraass ez a/”, who report
that after dms the PD increases with depth. However, in
our measurements, as the field size increases with depth,
the distance from the field edge is also displaced from the
central axis, in order to stay constant with depth.

Closer to the field edge, where internal scatter from
the phantom dominates, the PD increases with depth,
because the ratio of the scatter to primary increases with
depth. The fact that at dma the % PD is minimized can
also be observed from the measurements presented in
Table 1, for the 6MV photon energy.

A few centimeters away from the field, where col-
limator scatter and leakage dominate, the PD decreases
with depth, due to the attenuation by the water. This is in
agreement with Francois e al”.

The % PD decreases almost exponentially with the
increase of distance. Figure 3 shows this behavior for the
three field sizes and for both energies. The decrease of
the % PD is more than 60% and can reach up to 90%
as the measurement point departs from the edge of the
field. For a given distance, the % PD is significantly higher
for larger field sizes, due to the increase of the scattering
volume.

The same behavior of the % PD as a function of the
depth can be noted in Figure 4, where also the influence
of the increase of the field size on the % PD can be ob-
served. Figure 5A shows that the measured PD obtained
with MOSFET is higher than that obtained with the
ionization chamber in the case of the 6 MV beam at the
surface, at three different distances (1.0, 5.0 and 10.0 cm)
from the edge of the field, with percentage differences
between corresponding values of the two dosimetric
systems being from 0.6% to 34.0%. However, comparing
with the central dmax this difference is less than 1%, which
is in agreement with the findings of Butson ez al™. Similar
results arise for measurements obtained with the 18 MV
beam, as shown in Figure 5B.

MOSFET reproducibility results as shown in Figure 6
are comparable to that obtained by Cheung e7 al™. Finally,
from the measurements of Calibration Factor (CF) we
conclude that after a large accumulated dose the detector
requires larger doses for the same potential change.

The most important advantages of the mobileMOS-
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FET dosimeter are its small size, as it can be easily placed
on the patient’s skin, and the almost direct estimation of
the dose during exposure. Additionally, comparative re-
sults acquired with the MOSFET and with an ionization
chamber show fair agreement, supporting the suitability
of this measurement technique for clinical 7z vivo dosim-
etry, allowing radiation oncologists to evaluate and further
optimize radiation treatment. Moreover, its sensitivity and
reproducibility make it suitable for measurements of low
PDs.

Regarding PD, these measurements show that a signif-
icant amount of the treatment dose reaching up to 14%
of the central axis dmas, can be delivered to critical organs
outside the treatment field at points near the primary field
edge. Further studies are necessary to evaluate the clinical
effects of this amount of dose and to develop appropriate
solutions.

COMMENTS

Background

With radiotherapy treatment modalities there is an increase in tumor cure rates
and additionally, there are a significant number of patients who are irradiated
for benign diseases. During radiotherapy treatment with high energy photon
beams, a small fraction of the delivered dose is absorbed a few centimeters
away from the irradiated field. This dose is known as peripheral dose (PD) and
compared to higher doses, the associated cancer risk is likely to be much lower
but not insignificant.

Research frontiers

Many investigations have been carried out in order to measure PD in radio-
therapy treatment modalities. /n vivo dosimetry for radiotherapy patients often
requires dose measurements not only in the treatment area, but also in the pe-
ripheral regions, so that doses to critical organs can be recorded and if possible
minimized. For such measurements, there is a need for dosimeters with ability
to measure low doses accurately and with tolerance to the variations of the
spectral quality of the beam. Metal oxide semiconductor field effect transistor
(MOSFET) features the ability to integrate dose measurements and to provide
immediate dose readout. This, in combination with a very small sensing volume,
makes the MOSFET dosimetry system advantageous over the other systems
used in radiotherapy.

Innovations and breakthroughs

This study aims to assess the PD in high energy photon beam radiotherapy as
a function of the distance from edge of the field, the depth, the field size and the
energy of the photon beam using the mobileMOSFET dose verification system.
The results are compared to corresponding ones obtained with an ionization
chamber. Additionally, the reproducibility of the mobileMOSFET dose verifica-
tion system is investigated, with respect to the low PDs. The small size, the
radio-transparency, the high sensitivity and the immediate read make MOSFET
dosimeters an excellent choice for dosimetry in radiotherapy, and when physi-
cal constraints, concerns over shadowing, or issues of scattered doses are
important, then MOSFET dosimeters have clear advantages over both diodes
and thermoluminescence dosimeters.

Applications

Since there is no dose that is considered as safe, assessment of PDs to ra-
diosensitive tissue/organs, such as the breast, the gonads and the thyroid,
is essential to determine the possible risk of late effects, such as secondary
cancers that could appear in long-term surviving patients after the radiotherapy
treatment. It is of extreme importance to calculate the PD down to a level of 0.1%
of the central axis maximum dose and its determination has been the subject of
extensive investigation.

Terminology

PD is the small fraction of the delivered radiotherapy dose that is absorbed a
few centimeters away from the irradiated field MOSFET dosimeter is a MOS-
FET made of Si/SiO. It is used as a clinical dosimeter for radiotherapy beams.
The MOSFET dosimeter is direct reading with a very thin (less than 2 mm) ac-

November 28, 2010 | Volume 2 | Issue 11 |



tive area. Calibration factor is the ratio of the recorded voltage difference value
over the corresponding radiation dose delivered to the dosimeter.
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The paper can be published if some questions mentioned can be revised.
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Abstract

AIM: To present our experience of using 3D virtual in-
travascular endoscopy (VIE) to characterize and evalu-
ate the intraluminal appearances of aortic dissection.

METHODS: Ten patients with known aortic dissection
underwent dual-source computed tomography angiog-
raphy and were included in the study. In addition to 2D
axial and multiplanar reformatted images as well as 3D
reconstructions, VIE images were created in each pa-
tient to demonstrate intraluminal views of the aorta and
its branches, origin of artery branches and artery branch
involvement by aortic dissection.

RESULTS: Stanford A dissection was found in 8 pa-
tients and B dissection in the remaining 2 patients. VIE
images were successfully generated in all of the patients
with excellent visualization of the normal anatomical
structures, intimal flap and intimal entrance tear, com-
munication between true and false lumens, as well as
assessment of the extent of aortic dissection.

CONCLUSION: Our preliminary experience suggests that
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VIE could be used as a complementary tool to assist
radiologists accurately evaluate aortic dissection so that
better patient management can be achieved.

© 2010 Baishideng. All rights reserved.

Key words: Aortic dissection; Computed tomography;
3D visualization; Virtual intravascular endoscopy
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INTRODUCTION

Aortic dissection is a common vascular disease and it is
the most frequent cause of aortic emergency. Aortic dis-
section can be a life-threatening event which is character-
ized by splitting of the aortic wall by high blood pressure
entering the media through an intimomedial entrance tear.
Multislice computed tomography (CT) angiography is the
preferred method for diagnosis of aortic dissection with a
sensitivity and specificity of nearly 100%"?. CT has been
shown to be more sensitive than invasive angiography and
is comparable to MR imaging and transesophageal echo-
cardiography for diagnosis of aortic dissection™”.

Aortic dissection leads to formation of true and false
lumens which are separated from each other by a flap of
intimal lining and inner layers of media. Outer layers of
the aortic media and adventitia form the outer wall of the
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false lumen which is most commonly larger than the true
lumen due to lack of outlet of blood flow. Differentiation
between true and false lumens is important in the plan-
ning of percutaneous treatment with endovascular stent
grafts or surgical repair of aortic dissections™. It is cru-
cial to identify the lumen of origin in major branch vessels
such as coronary, carotid, renal and mesenteric arteries
before treatment because viscera supplied by the false lu-
men are at risk when the false lumen is spontaneously or
surgically occluded™. The critetia to distinguish true from
false lumens by CT have been previously described™. In
most of the cases, axial CT imaging supplemented by 2D
or 3D reconstructions is able to identify the intimal flap
which separates the true lumen from the false lumen and
determine the type and extent of dissection; however, this
may not be possible in all cases due to variable appearanc-
es resulting from different types of aortic dissection™"".

3D virtual intravascular endoscopy (VIE) provides
unique intraluminal views of the blood vessel and it has
been previously reported to be valuable for assessment of
aortic aneurysms and endovascular stent grafts’ . VIE
has been shown to offer better understanding of the ab-
normalities of the aortic arch after endovascular repairm;
however, investigation of variable imaging appearances of
aortic dissection by VIE visualization has not been stud-
ied before, to the best of our knowledge. The purpose of
this paper is to demonstrate VIE findings in a group of
patients diagnosed with aortic dissection. We present our
experience of using VIE visualization in the assessment
of aortic dissection with the aim of exploring the poten-
tial value of VIE for identification of the common and
uncommon findings related to the aortic dissection with
special focus on the identification of entry site or intimal
tears of aortic dissection.

MATERIALS AND METHODS

Ten patients (7 men and 3 women, age range: 39-77 years,
mean age: 55 years) with known aortic dissection were ret-
rospectively included in this study. All patients underwent
spiral CT angiography (CTA) which was performed with a
dual-source CT scanner (Siemens, Definition, Forchheim,
Germany). The scanning protocol was as follows: beam
collimation 64 mm X 0.6 mm with slice thickness between
0.5-1.0 mm, pitch 1.0 with reconstruction interval of 50%
overlap. Non-ionic contrast medium (Visipaque) with a
total volume of 100 mL was injected intravenously zia
the antecubital vein at a flow rate of 4-6 mL/s, followed
by 40-60 mL normal saline chasing. A bolus triggering
technique was used with the region of interest placed at
the proximal descending thoracic aorta and the triggering
threshold was set at 120 HU to initiate the scan.

Aortic dissection was characterized based on 2D im-
ages as Stanford type A in 8 patients and type B dissection
in the remaining 2 patients. In addition to 2D axial views,
multiplanar reformation and 3D volume rendering includ-
ing VIE images wete generated in each patient.
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Figure 1 Virtual intravascular endoscopy visualization of the true lumen,
false lumen and intimal flap (arrow) in a Stanford type B aortic dissection.
Corresponding orthogonal views (axial, coronal and sagittal) confirm the loca-
tion of virtual intravascular endoscopy position inside the false lumen (F) look-
ing toward the true lumen (T) and intimal flap.

Since patients’ details were removed from the DICOM
data, and all of the images were anonymous during post-
processing, there was no ethical issue involved so no IRB
approval was required for the study.

Generation of VIE views

Multislice CT volume data were converted from origi-
nal DICOM (Digital Imaging and Communication in
Medicine) images using Analyze 7.0 (www.Analyzedirect.
com). VIE images were generated based on a CT number
thresholding technique to provide intraluminal views of
the aorta and its branches as well as abnormal chang-
es!"™ VIE demonstration of both normal anatomical
structures and pathological changes were determined by
selecting an appropriate threshold value through measur-
ing the CT attenuation at the aorta (either ascending or
descending aorta or abdominal aorta). An upper thresh-
old of 200-300 HU was applied to remove the contrast-
enhanced blood from the aorta while keeping the artery
wall intact without luminal disruption. Orthogonal views
were referenced to assist VIE identification of the true
and false lumens as well as intimal flap and entry site of
aortic dissection (Figure 1).

Initially, it took about 30 min to produce VIE images
for each patient. This includes a series of steps such as the
conversion of DICOM images into volume data, image
segmentation and generation of various VIE views of the
aortic dissection. With experience gathered, the time was
shortened to about 10-15 min for each case.
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C

Innominate
artery

Figure 2 Stanford type A dissection with the true lumen smaller than the false lumen. The false lumen (F) has lower computed tomography (CT) attenuation
than that in the true lumen (T) due to thrombus formation (A), thus a lower CT threshold (90 HU) was applied to view the false lumen intraluminally (B), while a higher
CT attenuation (300 HU) was applied to demonstrate the true lumen. Corresponding virtual intravascular endoscopy (C) shows the involvement of three aortic branch-
es by the dissection, namely left subclavian artery (LSA), left common carotid artery (LCA) and innominate artery when the view is positioned inside the false lumen.

Bilateral pleural effusion is present on the 2D axial image.

False lumen

L]

True lumen

Figure 3 Stanford type B dissection with similar computed tomography
attenuation in both true and false lumens (A). Virtual intravascular endos-
copy clearly demonstrates the true and false lumens separated by the intimal
flap (IF) in a single image (B). Arrow in A indicates the intimal flap.

RESULTS

Identification of true lumen and false lumen

In most cases, the false lumen is larger than the true lumen
as once the blood enters the false lumen vzz an intimal tear
it accumulates inside the lumen without any outlet. The
false lumen then gradually becomes larger and compresses
the true lumen which is in contact with the non-dissected
portion of the aorta (Figure 2). A thrombus is frequently
formed in the false lumen (Figure 2A), and this results in
low CT attenuation when compared to the true lumen.
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Therefore, for VIE visualization of true and false lumens,
different CT thresholds need to be selected for demon-
stration of individual lumens cleatly (Figure 2B).

Identification of intimal flap

The intimal flap is a soft tissue structure that separates the
true lumen from the false lumen. The intimal flap can be
seen in about 70% of cases in classic dissections'. If the
CT attenuation measured in the true lumen is similar to
that measured in the false lumen, VIE is able to demon-
strate both lumens separated by the intimal flap in a single
image (Figure 3). However, in the majority of cases, con-
trast enhancement in the true lumen is higher than that in
the false lumen, thus VIE visualization of these two lu-
mens is normally presented in separate images as different
thresholds are required to demonstrate individual lumens.
This indicates that the intimal flap is not usually displayed
on a single VIE image since different intraluminal views
are generated by showing the individual lumens separately
(either true lumen or false lumen) (Figure 2B and C).

If the false lumen is thrombosed, the intimal flap may
be difficult to recognise on CT images; thus it is difficult
to distinguish and differentiate acute dissection from mu-
ral thrombus ot intramural hematoma (Figure 4A). The
limitation of conventional visualizations can be overcome
with intraluminal endoscopic views, even if in the pres-
ence of significantly stenosed lumens (Figure 4B and C).

Identification of intimal tear (entry site)

Identification of the accurate location of an intimomedial
entrance tear is clinically important for diagnostic and
therapeutic purposes. VIE is advantageous in this aspect
as it enables generation of intraluminal views and clearly
shows the communication between true and false lumens
(Figure 5). In some complicated cases, VIE is able to con-
firm the entry site by navigating through the aorta and its
branches including coronary branches (Figures 5 and 6).
Moreover, VIE is able to determine the extent of the inti-
mal tear which is believed useful for pre-operative evalua-
tion of aortic dissection (Figures 5D and 6C).
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True lumen

True lumen

Figure 4 Stanford A dissection with abdominal artery branches involved. The false lumen (F) is thrombosed (A) with the true lumen being compressed to a
much narrowed space. Virtual endoscopy views inside the true lumen clearly demonstrate the narrowed true lumen (B) and the intimal flap (C). Arrow in A indicates
the true lumen.

Figure 5 Stanford type A dissection with the dissection originating at the aortic root. The intimal flap is clearly displayed on 2D axial and coronal reformatted
images (long arrows in A and B) with the left coronary artery arising from the true lumen (T) (arrowhead). Virtual intravascular endoscopy shows the intimal tear which
is located at the aortic root (arrow in C) proximal to the left ventricle. Both of the coronary ostia arise from the true lumen with the intimal flap extending to the left coro-
nary ostium (D, E). Short arrows in A and B indicate the cobweb sign in the false lumen (F).

Identification of vessel involvement by aortic dissection Other findings of aortic dissection

Identification of vessel involvement by aortic dissection In addition to the above-mentioned imaging findings
can be confirmed by 2D axial images in most situations related to the aortic dissection, there are other typical
(Figure 7A). VIE could be used as a complementary tool and atypical features which are also observed in aortic
to 2D images in indeterminate cases, as virtual fly-through dissection. The slender linear areas of low attenuation
allows the viewers to follow the direction of dissection that occasionally appear in the false lumen on CT images,
and identify whether the individual aortic branches are known as the cobweb sign, are specific to the false lumen
involved in the dissection (Figures 2B, 5D, 7B and 8). VIE and may aid in its recognition (Figures 5 and 10). Another
assessment of vessel involvement is still possible even if usual indication of the false lumen is the beak sign, which
in the presence of a severely narrowed true lumen due to is an imaging manifestation of the wedge of hematoma
compression by the false lumen (Figure 9). that cleaves a space for the propagation of the false lumen
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Figure 6 Stanford type A dissection with direct communication between the true lumen and false lumens (arrows in A). The true lumen (T) was obviously
narrowed due to compression by the false lumen (F) with thrombus formed in the false lumen as shown on the sagittal reformatted image (B). The intimal flap (short
arrows in B) arises from the level of the left ventricle (long arrows in B); C: A protrusion sign was observed on virtual intravascular endoscopy (VIE) images; D, E: The
long intimal tear was identified at the ascending aorta posterior to the protrusion from the false lumen on different VIE visualizations. Pleural effusion is present at both
sides on 2D axial images.

e

Inominate artery

»”

Figure 7 Stanford type A dissection with involvement of the three main artery branches on 2D axial image (A). Virtual intravascular endoscopy confirms that
these three branches arise from the narrowed true lumen (B). Arrows in A indicate the intimal flap. LSA: Left subclavian artery; LCA: Left common carotid artery; IA:
Innominate artery.

(Figure 11). The beak sign is a characteristic feature of the
false lumen. These two findings can be easily identified
and confirmed on 2D axial images, while VIE visualiza-
tion does not present with characteristic features.
Intimointimal intussusception is an unusual manifesta-
tion of aortic dissection caused by citrcumferential dissec-
tion of the intimal layer". In intimointimal intussusception,
CT scans may show one lumen wrapped around the other
lumen in the aortic arch or descending aorta, with the in-
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ner lumen always being the true lumen (Figure 12A). VIE
clearly shows the central true lumen surrounded by the pe-
ripheral false lumen wia two intimal flaps (Figure 12B), and
the intraluminal visualization is enhanced by virtual fly-
through viewing.

DISCUSSION

The principal complications of aortic dissection are car-
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Figure 8 Stanford type A dissection is restricted to the ascending aorta on 3D volume rendering images (A, B). Both true and false lumens are clearly dem-
onstrated on virtual intravascular endoscopy (VIE) visualization and these two lumens are separated by an intimal flap (IF) (C). The three main artery branches are
perfused by the true lumen as shown on VIE view (D). LSA: Left subclavian artery; LCA: Left common carotid artery.

R renal

ostiunk

Figure 9 Stanford type B dissection with the true lumen much smaller than the false lumen. The right renal artery arises from the compressed true lumen resulting in
right renal infarction (A). Virtual intravascular endoscopy confirms the origin of the right renal ostium coming from the true lumen which is separated from the false lumen (F)
by an intimal flap (IF) (B). Short arrows in A indicate the right renal artery, while long arrows in A refer to pericardial effusion. Pleural effusion is also present at both sides.

Figure 10 Stanford type A dissection with three aortic branches arising from the true lumen. An irregular intimal flap is displayed on virtual intravascular endoscopy
visualization (B). A cob-web sign (short arrows) is noticed in the false lumen (F) on 2D axial image (A). Long arrows indicate the intimal flap. T: True lumen; LSA: Left sub-
clavian artery; LCA: Left common carotid artery.
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Figure 11 Stanford type A dissection with appearance of a beak sign (arrows) extending from the false lumen to surround the true lumen. The true lumen (T)
is smaller than the false lumen (F). Bilateral pleural effusion is also noticed on 2D images.

Figure 12 Stanford type A dissection with appearance of intimointimal intussusception (arrows in A). Corresponding virtual intravascular endoscopy shows
the centrally narrowed true lumen (TL) was surrounded by the false lumen (FL) and separated by two intimal flaps (IF). The exact position of the VIE view is confirmed
by the orthogonal views which are shown in B.

diac rupture, cardiac failure and end-organ ischemia. The coronary arteries, carotid and vertebral arteries, subclavian
aorta gives rise to many important branches that include arteties, lumbar atteries, celiac and mesenteric arteries, re-
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nal arteries and iliac arteries. These branch arteries can be-
come poorly perfused due to obstructions at their origin,
as would happen if the artery branch was thrombosed

during dissection'

. It is imperative to determine whether
these major branch arteries originate from true or false
lumens before interventional procedures such as place-

56,8
PSH because

ment of endovascular stent grafts or stents
any branch vessels supplied by the false lumen may be
occluded with an intervention unless surgically bypassed.
Medical imaging techniques play an important role in this
aspect.

High resolution CT imaging is the method of choice
for diagnosis of aortic dissection and identification of
true and false lumens, as well as determination of the aor-
tic branches in relation to the dissection™'”. The most reli-
able direct imaging sign observed by CT for differentiating
the true from false lumens is the ability to demonstrate
direct continuity between the true lumen and the lumen
of the uninvolved aortic lumen distal or proximal to the
dissected aortic segment. This may not always be possible
because the dissection may extend proximally into the
aortic root, or the origin of the intimomedial entrance tear
is at the convexity of the aortic arch where the true and
false lumens may be difficult to follow™”. The limitation
of 2D CT imaging is complemented by multiplanar refor-
mation and 3D reconstructions. Our experience of using
VIE for assessment of aortic dissection, especially in the
identification of intimal tears shows the feasibility of VIE
visualization in complex cases of dissection.

In addition to the identification of the entry site, de-
termination of the extent of the entry site can be further
explored by VIE and assessment of vessel involvement
can be confirmed even if for visualization of the tiny
artery branches such as coronary arteries, as shown in
Figures 5 and 6. We believe VIE could be used as a com-
plementary tool to conventional CT visualizations for ac-
curate assessment of the aortic dissection.

VIE image quality is determined by an appropriate
threshold selection. Demonstration of true and false lu-
mens is dependent on CT attenuation measured in each
compartment. The intimal flap has a soft tissue density
and presents as a linear structure; thus, it is commonly
shown as an irregular linear structure which separates the
true lumen from the false lumen (Figure 10B). Detecting
full-directional information about the dissection should be
assisted with cross-sectional and multiplanar reformatted
CT images. Correlation with orthogonal views is neces-
sary to confirm the exact position of anatomic details on
VIE visualization, especially to assess the aortic branches
with regard to their relationship to the dissection.

With the current multislice CT scanners such as
the 64-slice or dual source CT, acquisition of isotropic
volume data is possible so that high resolution original
data is generated to ensure the image quality of VIE im-
agesm’ﬁj. In our small group of patients whose CT scans
were performed with a dual source CT scanner, VIE was
successfully generated in all of the patients with clear
demonstration of anatomical details including the linear
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structure of intimal flap. Rapidly technical developments
have significantly enhanced the diagnostic value of CT in
the detection and evaluation of aortic dissection.

In conclusion, in this pictorial essay, we demonstrated
the applications of VIE for visualization of aortic dissec-
tion and identification of true and false lumens, intimal
flap and intimal entry site. Our preliminary study shows
that VIE is a feasible 3D visualization tool which could
be used to assist radiologists to accurately evaluate aortic
dissection so that better patient management could be
achieved.
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Abstract

AIM: To assess prospectively parameters of computed
tomography perfusion (CT p) for evaluation of vascular-
ity of liver metastases from neuroendocrine tumors.

METHODS: This study was approved by the hospital’s
institutional review board. All 18 patients provided in-
formed consent. There were 30 liver metastases from
neuroendocrine tumors. Patients were divided into three
groups depending on the appearance of the liver metas-
tases at the arterial phase of morphological CT (hyper-
dense, hypodense and necrotic). Sequential acquisition
of the liver was performed before and for 2 min after
intravenous injection of 0.5 mg/kg contrast medium,
at 4 mL/s. Data were analyzed using deconvolution
analysis to calculate blood flow (BF), blood volume
(BV), mean transit time (MTT), hepatic arterial perfu-
sion index (HAPI) and a bi-compartmental analysis was
performed to obtain vascular permeability-surface area
product (PS). Post-treatment analysis was performed by
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a radiologist and regions of interest were plotted on the
metastases, normal liver, aorta and portal vein.

RESULTS: At the arterial phase of the morphological CT
scan, the aspects of liver metastases were hyperdense
(7 = 21), hypodense (n = 7), and necrotic (7 = 2). In
cases of necrotic metastases, none of the CT p param-
eters were changed. Compared to normal liver, a sig-
nificant difference in all CT p parameters was found in
cases of hyperdense metastases, and only for HAPI and
MTT in cases of hypodense metastases. No significant
difference was found for MTT and HAPI between hypo-
and hyperdense metastases. A significant decrease
of PS, BV and BF was demonstrated in cases of pa-
tients with hypodense lesions PS (23 + 11.6 mL/100 g
per minute) compared to patients with hyperdense le-
sions; PS (13.5 £ 10.4 mL/100 g per minute), BF (93.7
+ 75.4 vs 196.0 £ 115.6 mL/100 g per minute) and BV
(9.7 £ 5.9 vs 24.5 + 10.9 mL/100 g).

CONCLUSION: CT p provides additional information
compared to the morphological appearance of liver me-
tastases.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Neuroendocrine tumors are rare', and are usually de-
scribed as having a slow rate of progression. The pres-
ence of hepatic metastases from neuroendocrine tumors
is frequent (25%-90%) and has obvious implications for
quality of life (in the presence of debilitating functional
syndromes), which affects the overall prognosis”. The
5-year survival rate depends on the presence of hepatic
metastases and represents an independent prognostic fac-
tor, such as tumor cell differentiation and complete resec-
tion of the primary tumor™. Accordingly, the presence of
hepatic metastases influences the strategies available for
treatment.

Neuroendocrine tumors are characterized by a dense
and specialized capillary network, This specificity has
been commonly used for diagnosis on conventional and
multiphase helical computed tomography (CT) scanning
with contrast enhancement. Currently, various patterns of
enhancement have been described on contrast-enhanced
CT scanning, which suggest that the angiogenesis process
is variable among liver metastases of neuroendocrine tu-
mors”. CT perfusion (CT p) is a technology that allows
quantitative assessment of various parameters, such as
tumor blood flow (BF), blood volume (BV), mean transit
time (MTT), and permeability-surface area product (PS).
CT p is currently used for brain, lung, and head and neck
tumors.

The purpose of our study was to describe, prospec-
tively, parameters of CT p in evaluating the vascularity of
tumors in different aspects of liver metastases from neu-
roendocrine tumors.

1

MATERIALS AND METHODS

Selection

This prospective single center study included patients with
pathologically proven liver metastases from neuroendo-
crine tumors, during the period between February 2007
and January 2008 at the Department of Gastrointestinal
Imaging of the University Hospital Edouard Herriot,
and for whom liver CT scanning was performed. Patients
without adequate renal function (creatinine clearance <
50 mL/min), allergy, liver metastases not detected by non-
contrast enhancement CT, non-cooperative patients, and
patients with dyspnea were excluded from the study.

Patient population/study cohort
The study cohort included 10 men and eight women (age
range: 38-81 years; mean age: 55 years).

The site of the main tumor was either gastrointestinal
(n = 8), pancreas (7 = 0), kidney (# = 2), lung (» = 1) or in-
determinate (7 = 1). All patients had a well-differentiated
neuroendoctine tumor; digestive tumors were all classified
as group 2 according to WHO 2000 criteria (well-differ-
entiated endocrine carcinoma)”, lung tumor as atypical
carcinoid tumor, and other tumors as differentiated neu-
roendocrine tumors by a referent pathologist. Seventeen
out of 18 patients benefited initially from surgical excision
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of the primary tumor and were in the course of additional
treatment. Our institutional review board approved the
study, and all patients gave their informed consent.

The cohort was divided into three different groups
depending on the aspect of liver metastases at the arterial
phase of the CT scan in comparison with background
liver parenchyma; two of the groups being patients with
hypodense liver metastases (z = 4) and hyperdense liver
metastases (7 = 12). If the lesion has a cystic element, the
third group classified patients as having necrotic liver me-
tastases (# = 2).

CT p technique

CT p of the liver was obtained to estimate the following
parameters in metastases of neuroendoctine tumors and
the background liver: BE, BV, MTT, hepatic arterial perfu-
sion index (HAPI), and capillary ps®’. CT p of the liver
was petformed with a 32-section multi-row CT scanner
(Light Speed; GE Medical Systems, Milwaukee, W1, USA).
A non-contrast CT scan of the liver was obtained to lo-
calize the tumor for further investigation by dynamic scan-
ning. A 4-cmregion of interest (ROI) was selected and dy-
namic scanning of this area was performed at a static table
position 5 s after initiation of intravenous injection. The
scanning was made at breath-holding after deep inspira-
tion. A total of 0.5 mg/kg non-ionic iodinated contrast
medium (Xenetix; 350 mg/mL iodine; Guerbet, France)
was injected at a rate of 4 mL/s through an 18-gauge
intravenous cannula. The following CT parameters were
used to acquire dynamic data: 1-s gantry rotation time,
80 kVp, 100 mAs, acquisition with 8 sections per gantry
rotation and 5-mm reconstructed section thickness. Scan-
ning was initiated after a 5-s delay from the start of the
injection, and images were acquired for a total duration of
120 s: 40 acquisitions with 1 rotation/s duting 40 s, 10 ac-
quisitions with 1 rotation/2 s duting 20 s, and 12 acquisi-
tions with 1 rotation/4 s during 60 s, to limit the radiation
dose.

Data analysis

Data were processed at a workstation (Advantage Win-
dows 4.0; GE Medical Systems) with CT p software (GE
Perfusion 3.0) by an experienced radiologist in the field
of abdominal imaging. This software is based on the
mathematical models of Johnson and Wilson. Function-
al maps were obtained by displaying images at an appro-
priate window and filter, placing an ROl in the aorta and
portal vein manually to provide reference arterial and
portal vein curves. Functional maps of BE, BV, MTT, PS
and HAPI were generated and were displayed in a range
of colors. ROIs for tumors (range: 28-1333.3 mm®) and
background liver parenchyma (range: 41-1118.5 mm”)
were hand drawn.

Statistical analysis
The value of BE, BV, HAPI, PS and MTT for each ROI

of liver metastases and background parenchyma were
recorded. Data were compiled in an Excel 2003 database
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to calculate the mean, SD and variance of each parameter.
One-way ANOVA was used to compare the difference in
CT p parameters between hepatic metastases from neuro-
endocrine tumors and the background liver. In addition,
ANOVA was used to compare CT p parameters between
the three subgroups. Statistical analysis using Student’s 7
test was performed to calculate the P value for each com-
parison. P < 0.05 was considered to indicate a statistically
significant difference.

RESULTS

CT p parameters of liver metastases of neuroendocrine
tumors vs normal liver parenchyma

In the cohort of 18 patients, the CT scan aspect of liver
metastases of neuroendocrine tumors in the arterial
phase (scanning after 30 s from the injection of the con-
trast material) was hyperdense (# = 21), hypodense (z = 7),
and necrotic (# = 2). The average size of liver metastases
was 35 £ 23.5 mm (range: 11-89 mm). A CT p scan could
not be performed on two patients due to technical prob-
lems (a delay starting the acquisition). These two patients
were subsequently excluded from the study. Comparison
of CT p parameters between hepatic metastases from
neuroendocrine tumors and the background liver was
performed.

Overall, liver metastases from neuroendocrine tumors
demonstrated higher CT p parameters (BE, BV, PS) than
the background liver (Table 1). There was a significant
difference in perfusion parameters between liver metas-
tases and the background liver (P < 0.05). In cases of
necrotic metastases, none of the CT p parameters were
changed.

MTT was equal to 11.4 s (SD: 3.6) for the metastases
group and 15.2' s (SD: 3.3) for the parenchyma group (P
< 0.001). There is an increased arterial perfusion in he-
patic metastases of neuroendocrine tumors with HAPI
equal to 0.66 £ 0.21 for metastases and 0.21 + 0.17 for
the background liver (P < 0.001).

Comparison of CT p parameters between patients with
hyperdense and hypodense liver metastases in the
arterial phase of the CT scan

Mean HAPI was similar in both hyperdense (0.67 *
0.14) and hypodense ( 0.64 £ 0.35) liver metastases. The
mean BF and BV parameters were lower in patients with
hypodense liver metastases compared to those with hy-
petdense liver metastases (BF: 93.7 = 75.4 mL./100 g per
minute s 196.0 + 115.6 mL/100 g per minute; BV: 9.7 £
5.9 mI./100 g »s 24.5 = 10.9 mL./100 g). MTT was not
significantly different when comparing hypodense and
hyperdense liver metastases (11.7 £ 4.7 s 05 10.7 £ 2.9 s).
Permeability was 13.5 + 10.4 mI./100 g per minute (hy-
podense liver lesions) »s 23 + 11.6 mL/100 g per minute
(hyperdense liver metastases).

Necrotic liver metastases from neuroendocrine tumors
Two patients of our cohort presented with necrotic liver
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CT p parameters Liver metastases from  Background P value

neuroendocrine tumors liver

BF (mL/100 g per 170.5 +£114.9 80.6 +£38.3 <0.001
minute)

BV (mL/100 g) 20.8+11.8 13.9+6.7 <0.01
PS (mL/100 g per 209+11.8 159+ 6.6 <0.05
minute)

MTT (s) 114+36 152433 <0.001
HAPI 0.66 +0.21 0214017  <0.001

CT p: Computed tomography perfusion; BF: Blood flow; BV: Blood
volume; MTT: Mean transit time; HAPI: Hepatic arterial perfusion index;
PS: Permeability-surface area product.

metastases from neuroendocrine tumors. Their curves of
contrast enhancement had a null slope. On the paramet-
ric maps, HAPI was equal to 0.36 * 0.03, BF was 20.2 *
0.2 mI./100 g per minute, BV was 2.2 £ 0.4 mL/100 g,
MTT was 14.2 £ 1.4 s, and PS was 1.7 = 1.1 mI./100 g
per minute.

DISCUSSION

The results of our study were significant. Comparison
between metastases and normal liver parenchyma dem-
onstrated a significant increase in BV, BF and PS, and a
lower MTT within the lesions (P < 0.05) compared to
the normal liver.

Quantification of various parameters of vasculatiza-
tion of liver metastasis showed a significant increase
in tumor perfusion compared to that of normal liver
parenchyma. These results seem similar to those found
previouslyls’%. Sahani e a/” have analyzed the param-
eters of perfusion in cases of hepatocellular carcinoma
(HCC) and have found significant differences between
measures performed within the lesion compared with
the non-tumoral liver parenchyma. Although HCC and
liver metastatic lesions from neuroendoctrine tumors are
considered to be hypervascular on dynamic imaging, a dif-
ference in their CT p parameters seems apparent, which
could help in the differential diagnosis of the hepatic le-
sions. Fabiano ¢f a/'” and Wang ez 4" also have found
differences between the values of the CT p parameters
of benign and malignant liver lesions. Fournier ez al™?
have previously identified differences in CT' p values be-
tween regenerative and dysplastic carcinomatous nodules,
which allowed early detection of HCC. Tsushima ez al”
have performed a comparative study to evaluate CT p
of HCC and liver metastases of colorectal origin. All
the lesions were hypervascular compared to normal liver
parenchyma, but HCC presented with arterial perfusion
that was superior to that of colorectal metastases (0.94 *
0.26 mL/min per milliliter »s 0.67 + 0.33 mL/min per
milliliter, P = 0.03).

BV and BF of normal liver parenchyma in our study
were different to those found in the study of Sahani
et al” (BF: 57 + 38.3 mL./100 g per minute vs 14.9 +
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Figure 2 Example of results for a necrotic liver metastasis from an neuroendocrine tumor (A-C).

2.8 mL/100 g per minute; BV: 13.9 + 6.8 mL/100 g 5 2.6
+ 0.9 mI./100 g). These differences were explained by
the existence of undetlying cirrhosis in patient with HCC.
Fibrosis of the liver parenchyma involved an increased re-
sistance vascular network, thus revealing a fall in BF and
BV. Guan ¢ o/ have identified in an animal study, modi-
fication of the CT p parameters in the liver between dif-
ferent stages of hepatitis, fibrosis and cirrhosis. Van Beers
et al™ also have shown in a human study, decreased
BE, and increased HAPI and MTT (P < 0.05) in cases
of cirrhosis compared to a normal population with a
strong correlation between these modifications and the
severity of cirrhosis (Child-Pugh class A, B and C). The
increased HAPI should be explained by the development
of secondary hyper-arteriolization and the presence of
portal hypertension. In our patients with liver metasta-
ses from neuroendocrine tumors, five presented with
hypodense lesions (31.25%) and 11 with hyperdense le-
sions (68.75%), which was similar to other findings in the
literature™. Comparison of metastatic disease according
to its hypodense or hyperdense aspect demonstrated de-
creased tumor perfusion for the hypodense lesion (BF: P
< 0.05; BV: P < 0.01). A correlation between the hypo-
ot hyperdense aspect of neuroendocrine liver metastases,
their microvascular index of density, and their degree of
tumor differentiation has already been demonstrated”.
Therefore, the CT p parameters of tumor vascularization
could represent a prognostic factor and should be con-
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firmed by the realization of a prospective study that cot-
relates CT p and histological data with a survival curve.
Values of HAPI, which have not been systematically
calculated in published studies, could be altered by the
presence of portal hypertension or portal vein thrombo-
sis. In our study, the HAPI of the normal parenchyma
measured 0.21 on average, which corresponds to the ar-
terial part of hepatic vascularization”. Neuroendocrine
liver metastases mainly develop with an arterial network
(HAPI: 0.66)"™". Thus, our study showed that all neuro-
endocrine liver metastases were hypervascular and arterial
(Figure 1). Furthermore, HAPI seemed to be similar for
hypodense and hyperdense liver lesions (0.67 and 0.64).
Therefore, hypodense liver metastases from neuroendo-
crine tumors also have preferential arterial vasculatization
identical to that of hyperdense metastases.

Even if neuroendocrine liver metastases ate hypodense
by double-phase CT scanning, these lesions have the same
type of arterial network but have lower CT p parameters;
probably because of architectural differences from the
network of neo-microvascularization due to different
neoangiogenesis.

In cases of neuroendoctine metastases with necrosis,
perfusion parameters could not be measured, due to the
lack of vascularization in the necrotic area (Figure 2).
Nevertheless, CT p has some limitations. The volume
of exploration is limited by the width of the detectors,
which is generally 4 cm. The selection of the metastatic
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area and the portal vein section for comparison are opet-
ator dependent, thus, this technical constraint could limit
lesion detection.

Standardization of CT p values allowed minimization
of variations due to cardiac output and circulating BV.
This standardization is not available at present for com-
mercial software. It was recently proposed by Miles ez al™
and the principle is similar to that used for positron emis-
sion tomography, with the standardized perfusion value
(SPV), such that SPV = tissue perfusion/total body
perfusion. This requires knowledge of the dose of con-
trast agent injected and the body weight of the patient.
Recently, Goh ¢ al”" have compared the CT p parameters
of colorectal tumors in 44 examinations performed with
two different commercial software packages, and have
identified a lack of reproducibility for the different values.
Commercially available softwares do not use the same
mathematical models for calculation, and are not thus in-
terchangeable. However, it does seem possible to apply a
factor of correction according to the software used.

Therefore, CT p seems to be promising for exploring
diffuse hepatic disease such as fibrosis and cirthosis"*".
Furthermore, CT p seems to be attractive for the diagno-
sis and follow-up of focal liver lesions. CT p has demon-
strated increased arterial flow within macro-metastases in
numerous studies”.

In 2001, a small animal study demonstrated that the
presence of micro-metastases of the liver decreased the
portal flow by up to 34%, and increased MTT up to 25%,
which was explained by increased resistance in the sinu-
soids™.

In 2005, Kan ez al” performed a small animal study
that demonstrated significant modification of BV, BF
and PS of intrahepatic lesions at days 1 and 14 of daily
antiangiogenic treatment, but without correlation with
the microvascular index of density. One of the hypoth-
eses could be modification of the number of circulating
microvessels with the appearance of non-functional ves-
sels and not the total number of microvessels. In 20006,
Meijerink ez al”" measured the BF of primary lesions
(melanoma, fibrosarcoma, mesothelioma, osteosarcoma,
colorectal carcinoma) and of hepatic, pleural, mediastinal
and pelvic secondary tumors before and after treatment,
by association of a vascular endothelial growth factor re-
ceptor inhibitor and an epidermal growth factor receptor
inhibitor in a phase | clinical trial. The arterial BF was
decreased in 12 out of 13 patients. CT p should be one
of the tools that are indispensable for evaluation of anti-
angiogenic treatment, as well early detection of patients
who respond well to such treatment.

However, the approach of using CT p imaging of
liver metastases from neuroendocrine tumors highlighted
some disadvantages. First of all, we did not estimate the
reproducibility of the technique, which has already been
demonstrated in the literature®®. Second, we did not
study the reproducibility of the intra- and inter-operator
values because a single radiologist did the post-treatment
analysis of the CT p. Strong agreement of the intra- and
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inter-observer values has already been demonstrated for
the quantification of CT p in colorectal tumors'”. Finally,
only a relatively small number of patients were included
in our study because of limited time of inclusion and the
low incidence of this pathology.

Furthermore, our study demonstrated the arterial pre-
dominance of the neo-microcirculation of the neuroendo-
crine liver metastases, and the advantage of chemoembo-
lization could be extended to all the hyper- and hypodense
lesions. Recent studies have demonstrated the advantages
of CT p for detection of rectal tumors in patients who
respond well to chemotherapy and radiotherapy, by com-
paring BF and MTT (P < 0.05). CT p could be used in
the evaluation of antiangiogenic treatment of liver me-
tastases{zs’%].

Neuroendocrine tumors constitute a homogeneous
group of tumors that are disseminated within the body,
which are characterized by their histological and biological
properties. Liver metastases of neuroendocrine tumors
are frequent, which is one of the main factors for poor
prognosis. CT p is useful for characterization of liver me-
tastases of neuroendocrine tumors, especially those that
are hypervascular.

As in any neoplastic lesions, neoangiogenesis plays an
essential role in tumor growth and the response to various
therapeutic options. Quantification of tumor angiogenesis
without an invasive procedure is essential in oncology for
the characterization and staging of the lesions®".

CT p is a feasible technique for quantification of tu-
mor vascularity and angiogenesis in liver metastases of
neuroendocrine tumors. CT p could help in the future to
identify subgroups of patients who could benefit from
antiangiogenic therapy and help clinicians to choose the
most appropriate treatment. Another challenge is to es-
tablish the accuracy of CT p to evaluate prospectively
therapeutic efficacy.

COMMENTS

Background

Neuroendocrine tumors are characterized by their histological and biological
properties. Liver metastases of neuroendocrine tumors are frequent, and are
one of the main factors for poor prognosis. Computed tomography perfusion
(CT p) is useful for characterization of liver metastases of neuroendocrine tumors,
especially those that are hypervascular, which constitute a homogeneous group
of tumors that are disseminated throughout the body.

Innovations and breakthroughs

CT p could help in the future to identify subgroups of patients who could benefit
from antiangiogenic therapies and help clinicians to choose the most appropri-
ate treatment to administer. Another challenge is to evaluate the accuracy of CT
p to evaluate prospectively treatment efficiency.

Applications

As with any neoplastic lesions, neoangiogenesis plays an essential role in tu-
moral growth and in the response to various therapeutic options. Quantification
of tumoral angiogenesis without an invasive procedure is essential in oncology
for the characterization and staging of the lesions. CT p is a feasible technique
for quantification of tumor vascularity and angiogenesis in liver metastases of
neuroendocrine tumors.

Terminology
Neuroendocrine tumors are rare and slow growing. They are characterized by
a dense and specialized capillary network. The presence of hepatic metastases
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from neuroendocrine tumors is frequent (25%-90%). CT p is a technique that al-
lows quantitative assessment of various parameters, such as tumor blood flow,
blood volume, mean transit time, and permeability-surface area product.

Peer review

This manuscript may be helpful to recognize the tumour vascularity of liver metas-
tases from endocrine tumor and would be a reference for radiological practice.
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tot’s national standard. If doubt exists whether the research was
conducted in accordance with the above standards, the authors
must explain the rationale for their approach and demonstrate that
the institutional review body explicitly approved the doubtful as-
pects of the study.

Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional review board.
If human participants were involved, manusctipts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
cleatly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.
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Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting of
clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encour-
age all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each authot’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

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

Online submissions

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

MANUSCRIPT PREPARATION

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

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

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

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

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

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

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

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

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

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

Abstract

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

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

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

Text
For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
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Instructions to authors

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

Illustrations

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

Tables

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

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05, P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other seties of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of Pvalues can be expressed as °P < 0.05 and P < 0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, 0O, A, /\, ez., in a certain se-
quence.
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Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.
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sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
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numerals such as 23, 243, 641 should be read 23243 641.
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first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
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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.
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Language evaluation

The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.
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wignet.com/1949-8470/g_info_20100313185522.htm.
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Please tevise your article according to the comments/suggestions
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comments can be found at: http://www.wignet.com/1949-8470/
g_info_20100313185358.htm.
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tween the editors, peer reviewers, readers and authors. After a manu-
script is published online, links to the PDF version of the submitted
manuscript, the peer-reviewers’ report and the revised manuscript will
be put on-line. Readers can make comments on the peer reviewer’s
report, authors’ responses to peer reviewers, and the revised manu-
script. We hope that authors will benefit from this feedback and be
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Science news releases

Authors of accepted manuscripts are suggested to write a science
news item to promote their articles. The news will be released rap-
idly at EurckAlert/AAAS (http://www.eurckalert.org). The title for
news items should be less than 90 characters; the summary should
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