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Abstract

Cancer staging characterises the extent of disease fa-
cilitating selection of the most appropriate management
and therapy and providing prediction of prognosis. As
understanding of lung cancer evolves the opportunities
arises to adjust disease staging. The adoption of the 7th
edition tumour, node, metastasis staging system should
result in improved treatment selection and more accu-
rate prognostic information for the individual patient.

© 2012 Baishideng. All rights reserved.

Key words: Lung cancer; Tumour; Node; Metastasis; Stag-
ing
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Lung cancer is responsible for around 1.3 million deaths
word-wide with its incidence still rising, particularly in
women. Outlook for lung cancer patients remains poot
with an over-all five year survival of around 15%. Cot-
rect staging is essential to tailor optimal management and
choose the appropriate therapy with lowest mortality and
morbidity for the individual patient. Staging also allows
more accurate prediction of prognosis. Because the use
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of staging systems allows continuity in data collection
and temporal comparison such systems should not be
altered without good cause. However novel technologies
and the availability of computer aided data-sets on large
surgical and non-surgical cohorts have enabled greater
accuracy of outcome prediction, revealing potential areas
for improvement in the lung cancer staging system, and
as this new data on tumour biology and tumour response
to therapy has become available honing of the system
has become possible and the time has now been reached
where an update of the staging system incorporating this
knowledge is advisable. This update is more extensively
discussed in the article by Mirsadrace e/ @/ in this issue
of the World Jonrnal of Radiology.

The lung cancer reflect the appropriate therapy and
particularly whether a malignancy may be amenable to
potentially curative surgery. Many details of the 7th edi-
tion'” are unchanged providing continuity with the 6th
edition. The main changes are: a more precise charac-
terisation of tumour size in T staging, differentiation of
staging of satellite pulmonary nodules depending on their
location and the differentiation of intrapulmonary from
extrapulmonary metastatic disease. There has also been
upstaging of some disease such as pleural and pericardial
effusions where outcome data has shown involvement
to result in poorer prognosis. Another development with
version 7 is the recommendation for it’s use for staging
of not just non-small cell lung cancer as with version 6
but also small cell lung cancer and carcinod tumours. The
revision of the lung cancer staging system is being over-
seen by the International Association for the Study of
Lung Cancer.

This is an on-going project and version 7 does not
include information from newer developments such as
positron emission tomography-computed tomography
(PET-CT) scanning. Data collection is already underway
as part of the 7 year cycle in preparation for the 8th edi-
tion of the lung cancer tumour, node, metastasis (INM)
staging, which will very likely incorporate the PET-CT
data that are now part of routine management in many
countries.

The 7th edition TNM staging system is now in wide-

April 28,2012 | Volume 4 | Issue 4 |
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spread use and it is hoped that it’s introduction will result The 7th lung cancer TNM classification and staging system:
in better management of the individual patient and con- review of the changes and implications. World | Radiol 2012; 4:

. . . 128-134
tﬁb ute to lmprOYed outcomes for patients who develop 2 Goldstraw P, Crowley J, Chansky K, Giroux DJ, Groome PA,
this common malignancy. Rami-Porta R, Postmus PE, Rusch V, Sobin L. The IASLC

Lung Cancer Staging Project: proposals for the revision of

the TNM stage groupings in the forthcoming (seventh) edi-
REFERENCES tion of the TNM Classification of malignant tumours. | Tho-
1 Mirsadraee S, Oswal D, Alizadeh Y, Caulo A, van Beek EJR. rac Oncol 2007; 2: 706-714
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INTRODUCTION

Abstract Lung cancer is the most common cause of cancer
Lung cancer is the most common cause of death from deaths in males, accounting for 13% (1.6 million) of the
cancer in males, accounting for more than 1.4 million total cancer cases and 18% (1.4 million) of the cancer
deaths in 2008. It is a growing concern in China, Asia deaths in 2008. Male lung cancer death rates are decreas-
and Africa as well. Accurate staging of the disease is an ing in the western world and increasing in China and
important part of the management as it provides esti- several other countrties in Asia and Africa. Female lung
mation of patient’s prognosis and identifies treatment
sterategies. It also helps to build a database for future
staging projects. A major revision of lung cancer stag-
ing has been announced with effect from January 2010.
The new classification is based on a larger surgical and
non-surgical cohort of patients, and thus more accurate
in terms of outcome prediction compared to the previ- . " ) : .
ous classification. There are several original papers diagnosis is the.most important predictor of survlval,.and
regarding this new classification which give comprehen- treatments options should be based on the stage. Since
sive description of the methodology, the changes in the ~ the introduction of tumour, node, metastasis (TNM)
staging and the statistical analysis. This overview is a  staging by Pierre Denoix between the years 1943 and

cancer death rates are increasing worldwide, with the ex-
ception of United States, Canada and Australia" ™.
Complete resection of lung cancer is associated with
significantly longer survival remission but only about
25% of patients are candidates for surgical treatment at
the time of diagnosisw. Staging of cancer at the time of

simplified description of the changes in the new classifi- 1952, there have been significant changes including the
cation and their potential impact on patients’ treatment TNM staging for lung cancer. The International Union
and prognosis. Against Cancer (UICC) TNM Prognostic Factors Project
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continued to develop the TNM classification as more data
became available. The pocket book, “Livre de Poche”,
was the first edition of the TNM classification and was
published in 1968 and following several updates, the sixth
edition was released in 2002. Like other tumours, lung
cancer classification and staging assess the anatomical
extension of the tumor which is critical to choosing a
therapy and provides information on prognosisﬁ'qj.

The International Association for the Study of Lung
Cancer (IASLC) announced a major revision of the
TNM staging system for lung cancer'". This has been in-
cluded in the seventh edition of the “ITNM classification
of malignant tumours” published by the UICC in January
2010 (Table 1). The previous latest update of the clas-
sification was based on a predominantly surgical database
of 5319 patients from a single centre in the United States
from 1972 to 1988"". The database was small and old
and thetre was little internal and no external validation of
stage groupings relating to these data and given the fact
that this is the commonest cause for cancer related death,
a major revision of the staging was long overdue and
became possible with the availability of multicentre and
larger cohorts of patients being treated for lung cancer.

Traditionally the TNM classification has been used
for non-small-cell lung cancer (NSCLC). Even though
the TNM classification was applicable to the small-cell
lung cancer (SCLC), this was not practiced. SCLC was
classified as “local” and “extensive” disease. The new
classification is also applicable to both types of lung can-

Imaging has a fundemental role in staging of the lung
cancer. As imaging techniques have improved especially
in terms of resolution and speed for CT scans and as
newer techniques like positron emission tomography
(PET) have become established in the routine clinical
practice, consideration needed to be given to revising the
classification and staging of lung cancer. The new clas-
sification has led to alteration in treatment options and in
predicting the prognosis.

The staging of lung cancer can be clinical or patho-
logical (also known as surgical). Clinical staging involves
radiological studies (plain radiographs and CT scan).

Currently, PET (Figure 1) is routinely used in many
centres as an additional diagnostic tool which may change
the clinical stage of the disease in a given patient. PET
often upstages the disease (in comparison to convention-
al CT scan) by identifying newer, metabolically active sites
of disease (Figure 2). In a minority of cases, it down-
stages the disease (Figure 3). However, it must be noted
that the database analysed for the 7th TNM classification
did not include any data from PET studies. Surgical stag-
ing refers to pathological staging following surgery or
tissue biopsy (e.g, #ia endoscopical techniques). In addi-
tion to T, N and M descriptors, the pathological staging
also involves description of resection margins which is
indicated as RO or R1 (RO is resection margins clear of
the malignancy and R1 is involved margins). Following
pathological staging, the T, N and M become pT, pN
and pM. Obviously, this may result in either upward or
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downward alteration of clinical staging. The overall level
of agreement between clinical and pathological systems
is reported to be only 35%-55%".

The aim of this overview is to discuss the basis for
the changes in the 7th classification of lung cancer and
its impact on predicting patients’ prognosis. Potential
limitations of the classification and future directions are
discussed.

APPROACH TO DEVELOPMENT OF THE
7TH TNM CLASSIFICATION

A retrospective international lung cancer database was
developed from 46 sources in more than 19 countries
with staging and outcome data on 100 869 lung cancer
cases managed between 1990 and 2000. After applying
exclusion criteria, 81 015 cases remained for analysis.
Of these, 67 725 were NSCLC and 13 290 were SCIL.C.
Only the NSCLC cases were included in the analyses of
the T, N and M descriptors and the subsequent analysis
of TNM subsets and stage groupings“oj. From 67 725
NSCLC cases, 38265 were clinically without metastases,
and 28 371 had pathological staging (defined at thora-
cotomy). Survival was estimated by the Kaplan-Meier
method. Prognostic groups were assessed by Cox regres-
sion analysis after adjustment for cell type, sex, age and
region, using the SAS System for Windows Version 9.0
PHREG procedure[m’w.

New tumour staging

The T staging is determined by the size of primary tu-
mour in long axis, or direct extent of the tumour into
adjacent structures such as mediastinum or chest wall.

Main changes in staging classification are reflected
in the T staging. These changes are largely related to the
re-classification of the size and location of the primary
tumour and satelite nodules (Table 2).

The former staging system divided tumours into two
size groups with 3 cm as the cut off point. The new sys-
tem has 5 size-based categories with cut-off points at 2,
3, 5 and 7 cm. Tumours measuring < 2 cm are classified
as Tla, whereas those measuring 2-3 cm are classified as
T1b. T2 disease is also subdivided into T2a (> 3 - 5 cm)
and T2b (> 5 cm - 7cm). The tumours larger than 7 cm
are now classified as T3. The additional cut-off points
changes may alter treatment recommendations.

The new calssifcation does not take into account a
single tumour which involves two lobes across a fissure.
It only considers the tumour size and satellite (non-con-
tagious) nodules in the same and different lobes. Patients
previously considered T4 if additional tumour nodules
were found in the same lobe are now classified as T3. Ad-
ditional tumour nodules outside the primary lobe but in
the same lung, are now down staged from M1 to T4 and
they may be suitable for a pneumonectomy. Classification
for a satellite nodule in the contralateral lung has changed
from M1 to Mla to indicate intrathoracic spread, which
has a slightly favourable prognosis compared to patients

April 28,2012 | Volume 4 | Issue 4 |
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Table 1 Seventh tumour, node, metastasis classification of lung cancer: January 2010 "

T: Tumour

TX  Primary tumour cannot be assessed, or tumour proven by the presence of malignant cells in sputum or bronchial washings but not visualized
by imaging or bronchoscopy
TO No evidence of primary tumour
Tis  Carcinoma in situ
T1 Tumour < 3 cm in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic evidence of invasion more proximal than
the lobar bronchus (i.e., not in the main bronchus)
Tla Tumour <2 cm in greatest dimension
T1b Tumour > 2 cm but < 3 cm in greatest dimension
T2 Tumour > 3 cm but < 7 cm or tumour with any of the following features (T2 tumours with these features are classified T2a if <5 cm):
Involves main bronchus, > 2 cm distal to the carina
Invades visceral pleura
Associated with atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve the entire lung
T2a Tumour >3 cm but <5 cm in greatest dimension
T2b Tumour >5 cm but <7 cm in greatest dimension
T3 Tumour > 7 cm or one that directly invades any of the following:
Chest wall (including superior sulcus tumours), diaphragm, phrenic nerve, mediastinal pleura, parietal pericardium
Tumour in the main bronchus < 2 cm distal to the carina but without involvement of the carina
Associated atelectasis or obstructive pneumonitis of the entire lung
Separate tumour nodule(s) in the same lobe
T4 Tumour of any size that invades any of the following:
Mediastinum, heart, great vessels, trachea, recurrent laryngeal nerve, esophagus, vertebral body, carina
Separate tumour nodule(s) in a different ipsilateral lobe
N: Nodes
NX  Regional lymph nodes cannot be assessed
NO  No regional lymph node metastasis
N1  Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes, including involvement by direct extension
N2  Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)
N3  Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular lymph node(s)
M: Metastases
MX  Distant metastasis cannot be assessed
MO  No distant metastasis
M1  Distant metastasis
Mla Separate tumour nodule(s) in a contralateral lobe
tumour with pleural nodules or malignant pleural/ pericardial effusion
Mi1b Distant metastasis

Figure 1 Contrast enhanced com-
puted tomography of the chest view-
ed with mediastinal window settings
demonstrated a large necrotic mass
in the right upper lobe (A) with en-
larged necrotic paratracheal lymph
nodes in station 4R (arrowhead) (B).
C, D: Positron emission tomography-
computed tomography demonstrated
high [18F]-2-fluoro-2-deoxy-d-glucose-
uptake in the mass and lymph nodes
confirming a T2aN2 lung cancer.
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Figure 2 Contrast enhanced thoracic computed tomography viewed with lung window settings shows a 5.2 cm ill-defined mass suspected of lung cancer
abutting the right lung hilum, causing narrowing of the upper lobe bronchus (A). B: Review of images on mediastinal window settings showed a paratracheal
lymph node with short axis smaller than 1 cm (arrow) in station 2R; C and D: Positron emission tomography-computed tomography demonstrated a high [18F]-2-
fluoro-2-deoxy-d-glucose-uptake of both mass and 2R node (arrowhead), resulting in an up-staging of the disease from T2bN1 (CT classification) to T2bN2. This find-
ing was further confirmed by mediastinoscopy sampling.

Figure 3 Example of cross sectional imaging nodal staging pitfalls. A: A mass of the right lung (arrow) was identified on chest radiograph. B: A 4 cm spiculated
mass suspected of lung cancer in the right upper lobe was confirmed by computed tomography (CT); C, D: Contrast enhanced CT demonstrated enlarged lymph nodes
(> 1 cm in short axis; arrowheads) in ipsi- and contra-lateral mediastinal nodal stations (C) (T2aN3), positron emission tomography-computed tomography (PET-CT) (D)
showed high metabolic activity of the parenchymal lesion but no nodal [18F]-2-fluoro-2-deoxy-d-glucose uptake (PET-CT staging: T2aNOMO0). No metastatic nodes were
demonstrated by endoscopic ultrasound-needle aspiration and mediastinoscopy, and surgical staging was in full agreement with PET-CT (pT2N0 adenocarcinoma).
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Table 2 Summary of what has changed

Feature OId - sixth Current, new -
classification seventh classification
2002-2009 -Jan 2010
Tumour < 2 cm T1 Tla
Tumour > 2 but <3 cm T1 T1b
Tumour >3 cm but <5 cm T2 T2a
Tumour > 5 but <7 cm T2 T2b
Tumour > 7 cm T2 T3
Tumour - same lobe nodules T4 T3
Ipsilateral lung nodule - non M1 T4
primary lobe
Malignant pleural effusion T4 Mla
Contralateral lung nodule M1 Mila
Distant metastases M1 Mi1b

with distant metastases (M1b). Figures 4 to 6 show ex-
amples of cases in whom the new T classification has
changed the staging;

New node staging
The N classification descibes the degree of spread to re-
gional lymph nodes. This remained unchanged in the 7th
edition as the new data showed no change in node stag-
ing related survival.

The regional nodal classification for lung cancer was
described by Mountain and Dresler (1997)""". Various
techniques are used to identify nodal spread. Previous
studies showed that the sensitivity and specificity of CT
and PET for predicting malignant involvement of me-
diastinal lymph nodes were 60% and 81%, and 84% and
89%, respectivelyw’]. Lymph node sampling is regarded as
the most accurate predictor of nodal status. Mediastinos-
copy has been regarded as the “gold standard” for staging
of the mediastinum, but it is invasive and has limitations
in accessing to the posterior and inferior mediastinal
nodes. Furthermore, the sensitivity for mediastinoscopy
is still only 80%-90%, and, in 10%-15% of cases, the
technique returns a false-negative diagnosism’lgl.

Endobronchial ultrasound-guided transbronchial
needle biopsy (EBUS-TBNA) is reported to have a sen-
sitivity of 85% and a negative predictive value of 90%",
Similarly, Rintoul ez a/”’ reported a sensitivity, specific-
ity and accuracy of 85%, 100% and 89%, respectively
for EBUS-TBNA. They also suggested that a combined
EBUS and oesophageal endoscopic ultrasound (EUS)
allows better access to the mediastinal and hilar lymph
nodes than is usually accessible by mediastinoscopy””.
A further study of 150 consecutive lung cancer patients
reported that combination of EUS fine needle aspiration
(EUS-FNA) and EBUS-TBNA had higher sensitivity
(93%) and higher negative predictive value (97%), when
compared to that of each techniquem. This however
needs to be highlighted that not all lymphnode stations
are not accessible by EUS techniques.

New metastasis staging
The M staging defines the presence of metastases beyond
regional lymph nodes. In the 7th edition of the lung can-
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Figure 4 A 2.5 cm mass (arrow) in the right lower lobe was classified as
T1 in 6th edition and is described as T1b in the 7th classification. This did
not change the staging (see Table 3).

Figure 5 A 7.5 cm necrotic mass in the right lower lobe (arrow). As far as
size is concerned, the T classification is upstaged from T2 to T3 and therefore a
worse prognosis is expected.

Figure 6 Example of change in classification status. A: A mass in the right
upper lobe and a satellite nodule (arrow) in the right middle lobe. This tumour is
reclassified from M1 to T4. Patient may be considered for treatment (e.g., pneu-
monectomy) and a better prognosis is to be expected; B: A tumour with a satel-
lite nodule (arrowhead) both in right lower lobe; this was therefore downstaged
from T4 to T3 in the new classification and surgical treatment was considered.

cer classification, the pleural or pericardial dissemination
(effusions or nodules) are no longer classified T4, but are
now upstaged into a new category (M1la). This category
also includes additional nodules that are found in the
contralateral lung. Distant metastasis is sub-classified as
MT1b disease.
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Figure 7 A patient with a necrotic mass in the right lower lobe (short ar-
row). As seen in this axial contrast enhanced computed tomography, there is
pleural (p) and pericardial (pc) effusions which were confirmed to be malignant.
This will be re-classified from T4 to M1a indicating worse estimated prognosis.

A

Figure 8 Lymphangitis caused by a large right upper lobe mass, note
thickening of interlobular septa (arrowhead) and perilobular nodules (ar-
row). There is no provision for lymphangitis in the tumour, node, metastasis
classification.

M1a includes malignant pleural effusion (with median
overall survival of 8 mo in 488 patients) and contralateral
lung nodules, which had overall survival of 10 mo in 362
patients. M1b refers to extra-thoracic metastases and me-
dian overall survival was 6 mo (# = 4343). This contrasts
with 13 mo overall median survival in T4MO any N group
(n = 399)". Figure 7 shows an example in which the new
TNM classification has changed the T and M staging,

Impact of new staging system on patient management
The revised lung cancer staging based on the new TNM
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Table 3 Changes in the staging of lung cancer based on the
new tumour, node, metastasis classification: Cells in the bold

indicate a change from the sixth edition for a tumour, node,

metastasis category''®!

Old- sixth edition- New seventh NO Ni N2 N3
descriptor edition-descriptor

T1 (< 2 cm) Tla IA IA MA IIB
T1 (> 2-3 cm) T1b IA A IIA IIB
T2 (< 5 cm) T2a IB A IIA IIB
T2 (> 57 cm) T2b 0IA OB A IIB
T2 (> 7 cm) T3 IB MA MA IIB
T3 (invasion) T3 IB IMA IMA IIB
T4 (same lobe nodule) T3 OB IMA IMMA IIB
T4 (extension) T4 MMA MA IIB IIB
M1 (ipsilateral non T4 MMA MA IIB IIB
primary lobe nodule)

T4 (pleural effusion) Mila v I\ v v

M1 (contralateral lung Mla I\ v I\% v

nodule)

M1 (distant metastases) Mib v v v I\%

classification is shown in Table 3!"".

New staging is based on analyzing survival in large
databases based on tumour size and disease proliferation
and therefore is expected to assess an individual patient’
s prognosis more accurately. Many patients will receive
a different staging category based on the 7th edition of
the TNM staging system. Those who are down-staged
because additional tumours are found in the same lobe as
the primary tumour may now be considered candidates
for adjunctive chemotherapy along with surgery. Similarly,
there may be a greater role for surgery in patients with
metastatic nodules in the ipsilateral, non-primary lobe
who previously would have been assigned a stage [V diag-
nosis, but are now stage [ A.

Those patients who undergo biopsy or surgical resec-
tion of the tumour and/or lymph nodes may have their
TNM classification revised based on histological find-
ings. The clinical staging of the patient thus changes into
pathological staging and is described by adding prefix “p”
e.g., T1b N1 MO may become pT2a pN2 MO based on
pathological measurements and findings, and these would
influence treatment strategies and estimated prognosis.

Limitations of new classification

There are glaring deficiencies in the global distribution of
the data with no data at all being included from Africa,
South America or the Indian subcontinent. Other vast
countries such as Russia, China, and Indonesia are not
represented or only poorly represented””. Moreover, the
database used for the 7th edition of lung staging classifi-
cation (1990-2000) predates the widespread and routine
use of PET which has had an enormous impact on clini-
cal staging algorithmsl“”.

Lympahngitis carcinomatosis (Figure 8) is believed
to be associated with worse prognosis in lung cancer
patients. However, there is no evidence to support this.
The new TNM classification does not specifically take ac-
count of lymphangitis.
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WHAT NEXT FOR LUNG CANCER
STAGING?

The process by which TNM classification in lung cancer
evolves has been changed irrevocably, and the IASLC has
secured a central role in future revisions for the whole of
the thoracic oncology community. The IASLC proposes
to improve on the above described limitations, especially
those relating to PET-CT scanning, in time for the 8th
edition of TNM classification. A prospective data set
has been agreed, funding has been secured for the 7-year
cycle leading up to the 8th edition. A web-based data col-
lection system is being developed and tested to make data
submission easier for those who collaborate in this next
phase. Data collection has been expanded to incorporate
neuro-endocrine tumours and mesothelioma™
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Abstract

AIM: To highlight sonographic and clinical character-
istics of scar endometrioma with special emphasis on
size-related features.

METHODS: Thirty women (mean age 30.6 years,
range 20-42 years) with 33 scar endometriomas (mean
diameter 27.1 mm, range 7-60 mm) were consecutively
studied by Sonography and Color Doppler examination
prior to surgery. Pathological examination was available
in all cases.

RESULTS: The most frequent (24 of 33 nodules, 74%)
sonographic B-mode aspect of endometrioma was that
of an inhomogenously hypoechoic roundish nodule with
fibrotic changes (in the form of hyperechoic spots or
strands), a peripheral inflammatory hyperechoic ring,
spiculated margins and a single vascular pedicle enter-
ing the mass at the periphery. On average, 1.6 cesare-
an sections were recorded per patient (range 1-3). The
median interval between the last cesarean section and
admission to hospital was 36 mo (range 12-120 mo)
and the median duration of symptoms before admission
was 25.7 mo (range 0.5-80 mo). 13 patients had 13
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large endometriomas (= 30 mm) with a mean lesion
diameter of 41.3 £ 9.02 mm (range 30-60 mm). Seven-
teen women had 20 small endometriomas with a mean
lesion size of 18.2 = 5.17 mm (range 7-26 mm). The
mean interval between the last cesarean section and
admission to hospital (66.0 mo vs 39.6 mo, P < 0.01)
and the mean duration of symptoms before admission
(43.0 mo vs 17.4 mo, P < 0.01) were significantly lon-
ger in patients with large endometriomas; in addition,
a statistically significant higher percentage of patients
with large implants had undergone previous inconclu-
sive diagnostic examinations, including either computed
tomography/magnetic resonance imaging/fine needle
biopsy/laparoscopy (38.4% vs 0%, P < 0.05). On so-
nography, large endometriomas showed frequent cystic
portions and fistulous tracts (P < 0.02), loss of round/
oval shape (P < 0.04) along with increased vascularity (P
< 0.04).

CONCLUSION: Endometrioma near cesarean section
scar is an often neglected disease, but knowledge of its
clinical and sonographic findings may prevent a delay in
diagnosis that typically occurs in patients with larger (=
3 cm) endometriomas.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Subcutaneous endometriosis near cesarean delivery scar
(so-called “scar endometrioma”) is a rare form of extra-
pelvic endometriosis, occurring in 0.03% to 1.5% of all
women who have had cesarean deliveries' *. Although
for extrapelvic endometriosis it has been suggested that
multipotential mesenchymal cells may undergo meta-
plasia into endometriosis, in the case of endometrioma
near a Pfannenstiel incision, the most likely explanation
is inadvertent transportation of endometrial cells during
cesarean section . An iatrogenic origin has also been
proposed in the case of endometriotic implants occur-
ring after hysterectomy'” appendectomym, laparoscopic
trocar tract' ", needle tract amniocentesis ' and perineal
episiotomy incision'"”

On a clinical basis, the most typical finding is a pal-
pable small mass near the cesarean section scar becoming
painful with menses"™">'.

However, the comparative rarity of scar endome-
trioma may represent a major factor explaining why the
correct diagnosis is frequently ovetlooked by both clini-
cians" and radiologistsm’m]. Moreover, endometriosis of
the abdominal wall may be a diagnostic challenge since a
variety of pathologic conditions (a suture granuloma, an
incisional hernia, a primary or metastatic cancer) should
be taken into account in the differential diagnosis' ",

The aim of this study was to report on a large series
of scar endometriomas by highlighting the clinical and
sonographic characteristics of this neglected disease.

MATERIALS AND METHODS

Thirty women (mean age 30.6 years, range 20-42 years)
with 33 scar endometriomas were consecutively seen at
the Ultrasound Unit between June 1999 and April 2010.
All of the patients underwent wide surgical excision and
pathologic analysis of all surgical specimens was available.

In each patient the following parameters were deter-
mined: (1) historical data: number of cesarean sections,
time from both last cesarean section and onset of symp-
toms before admission, known pelvic endometriosis,
inconclusive previous diagnostic exams other than sonog-
raphy [computed tomography (CT), magnetic resonance
imaging (MRI), fine needle biopsy (FNB), laparoscopy],
previous pelvic/abdominal surgery related to painful
symptoms, characteristics of pain (cyclic with menses s
continuous); (2) clinical data: physical examination at entry
(palpability of nodule/s); and (3) sonographic and color
doppler findings: lesion size, site, echotexture, margins,
presence of vascular pedicle/s, presence of central vascu-
larity and values of resistive index (RI) of arterial flow:

In all patients, sonographic examination was carried
out by a single operator (Francica G) with high frequency
probes (7.5 MHz up to 12 MHz) with the sonographic
machines available over the study time period (Logic
500, Logic 700 Expert Series, Logic 7, Logic 9, GE
Healthcare, Milwaukee, W1, USA). After 2004, only high-
frequency wide band electronic transducers along with
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spatial compound and tissue harmonic imaging modali-
ties were used.

Color Doppler parameters were set to detect low blood
flow velocities (PREF 500-1000 Hz, Wall filter 50 Hz, High
filters for color-ss-echo priority and color persistence); RI
of arterial flow (if detectable) was expressed as the mean
of 2 measurements.

For the purpose of comparison, a large scar endome-
trioma was considered if the widest nodule diameter was
equal to or greater than 30 mm.

Fishet’s exact test and ;{Z test for categorical data and
the unpaired #test for continuous variables were used for
statistical analysis. P values < 0.05 were considered statis-
tically significant.

The institutional ethics committee of the authot’s
hospital approved the study design, and written consent
to participate in the study was obtained from all patients.

RESULTS

The 33 endometriomas had a mean diameter of 27.1 mm
(range 7-60 mm); twenty-six nodules (78.7%) were locat-
ed between subcutaneous fat and the muscular sheath; in
three cases (9.1%) both the subcutaneous and muscular
plane were infiltrated; two endometriomas (6.1%) were
purely subcutaneous and two more nodules (6.1%) were
entrapped in the muscular layer of the abdominal wall.
Endometriomas did not show a preferential distribution
along the incision scar: 16 nodules were located on the
right, 14 on the left and 3 on the midline.

Thirteen patients (43%) had 13 large endometriomas
(= 30 mm) with a mean lesion diameter of 41.3 £ 9.02
mm (range 30-60 mm). Seventeen women (56.7%) had 20
small endometriomas with a mean lesion size of 18.2 £
5.17 mm (range 7-26 mm). One subject had a 10-mm sat-
ellite nodule near the largest endometrioma of this series
(60 mm).

Clinical findings

On average, 1.6 cesarean sections were recorded per pa-
tient (range 1-3). The median interval between the last
cesarean section and admission to hospital was 36 mo
(range 12-120 mo) and the median duration of symp-
toms before admission was 25.7 mo (range 0.5-80 mo).
A history of previous pelvic endomettiosis was rarely re-
ported (two cases, 6.0%). At entry, abdominal wall lesions
were palpable in all cases but one, an obese patient with
a 7-mm nodule. Cyclic pain with menses associated with
a palpable mass was recorded in 24 cases (80%); in the
remaining 6 patients, pain was described as continuous.

In Table 1, the clinical and demogtaphic findings are
shown according to endometrioma size.

Patients with endometriomas larger than 3 cm had a
longer mean interval between the last cesarean section and
admission to hospital (66.0 mo »s 36 mo, P < 0.01) and
mean duration of symptoms before admission (43.0 mo ss
17.4 mo, P < 0.01) when compared with patients bearing
smaller endometriomas. In addition, a statistically signifi-
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Table 1 Clinical data of patients with large and small scar endometriomas

Clinical data L-SE (13 cases with S-SE (17 cases with P
13 nodules) 20 nodules)

Mean age (yr) (range) 31.3 (22-39) 30.8 (20-42) NS
No. of cesarean sections (range) 1.8 (1-3) 1.5 (1-3) NS
Time since last cesarean section (mo) 66.0 £29.5 39.6 £18.0 <0.01
Onset of symptoms (mo before admission) 43.0+29.0 17.4 £20.0 <0.01
Known pelvic endometriosis 2 1 NS
Previous pelvic/abdominal surgery 2 0 NS
Inconclusive previous diagnostic exams' 5 0 <0.05
Continuous pain 4 2 NS
Cyclic pain 8 14 NS

'Either computed tomography/magnetic resonance imaging/fine needle biopsy/laparoscopy. L-SE: Large scar

endometrioma; S-SE: Small scar endometrioma; NS: Not significant.

_ AO

100%

Figure 1 A 32-year-old-woman with 6-mo of cyclic pain two years after a cesarean delivery. A: A small (2 cm) scar endometrioma is displayed at sonography
located in the subcutaneous fat (S) with typical features: a roundish nodule, hypoechoic with fibrotic spots (the thick one is indicated by a white arrowhead), spiculated
margins infiltrating the sheath (white arrows) of the rectus abdominis (M); B: An inflammatory hyperechoic ring (between white arrows) circumscribes almost the entire

endometrioma.

cant higher percentage of patients with large endomettio-
mas (38.4% vs 0%, P < 0.05) had undergone inconclusive
diagnostic examinations elsewhere [CT (1 case), MRI (2
cases)/FNB (1 case)/laparoscopy (twice in 1 case)] that
were aimed at clarifying the origin of lower abdominal
pain.

Although not statistically significant, patients with
larger endometriomas more often complained of contin-
uous pain associated with a palpable mass (33.3%) than
cases with small lesions (12.5%). In addition, surgical
interventions for “bowel adhesions” that had not amelio-
rated patients’ symptoms were recorded in 2 cases (16.6%0)
with large implants. At the time of writing, no relapse of
endometriosis was recorded in either group.

Sonography and color Doppler findings
The most frequent B-mode aspect of endometrioma was
that of an inhomogenously hypoechoic roundish nodule
with fibrotic changes (in the form of hyperechoic spots
or strands), a peripheral hyperechoic ring (complete or in-
complete), spiculated margins, and a single vascular pedicle
entering the mass at the periphery (Figures 1 and 2) with a
mean RI of 0.78. This sonographic pattern was identified
in 24 of 33 scar endometriomas (74%).

In the remaining 9 nodules (26%), all greater than 3 cm,
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Figure 2 A small endometrioma with the typical single vascular pedicle
entering the mass at the periphery. No central vascularisation is observed.
Doppler demonstrates high resistance arterial flow (resistive index > 0.7).

a more elongated and irregular shape along with a more
heterogenous echostructure and the presence of internal
small cystic areas and/or fistulous tracts towards either
the skin or the muscle (Figures 3 and 4) were observed.
Multiple vascular pedicles associated with increased cen-
tral vascularisation were also observed (Figure 5). In two
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Table 2 Sonographic color Doppler findings in patients with large and small scar endometriomas

L-SE (13 nodules) S-SE (20 nodules) P
US findings
Size (mean * SD) 41.3 £9.02 18.2+5.17
Echotexture
Hypoechoic with hyperechoic spots/strands 11 19 NS
Cystic portions and/or fistulous tract 7 1 <0.02
Peripheral hyperechoic ring (absent/ present) 1/12 7/13 NS
Margins (spiculated-infiltrating) 9 14 NS
Loss of oval or round shape 4 0 <0.04
Color doppler findings
Resistive index (mean + SD) 0.75 +0.08 0.66 £ 0.16 NS
Multiple vascular pedicles 8 2 <0.04
Central vascularisation 8 2 <0.04

L-SE: Large scar endometrioma; S-SE: Small scar endometrioma; NS: Not significant.

Figure 3 A 30-year-old woman with a long history (84 mo) of continuous
pain in the lower abdomen and two previous non-diagnostic laparoscopic
examinations. In the abdominal wall (between the subcutaneous fat and the
muscle), US exam discloses a 4-cm, ovoid hypoechoic endometrioma with a
linear fistulous tract (arrow) emerging from the posterior aspect of the lesion
and transgressing the muscular plane.

small endometriomas (7 and 14 mm) Doppler signals
were not demonstrated.

To sum up, large endometriomas showed frequent
cystic portions and fistulous tracts (P < 0.02), loss of
round/oval shape (P < 0.04) along with increased vascu-
larity (P < 0.04) (Table 2).

During the same time period, seven surgically-proved
lesions near cesarean section scars were correctly identi-
fied as non-endometrioma nodules (1 metastasis, 2 inci-
sional hernias, 1 abscess, 2 chronic inflammation, and 1
desmoid tumor).

DISCUSSION

Endometriosis of the abdominal wall arising on a Pfan-
nenstiel incision represents an often neglected disease!”
which is more prevalent than previously reported, espe-
cially if one considers the increasing cesarean section rate
in Western countries' ™',

Sonographic and Doppler characteristics of scar endo-
metrioma desctibed in the literaturel " are very differ-

ent from the usual sonographic appearance of pelvic en-
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dometriosis: classic-appearing adnexal endometriomas are
cystic-like masses with round shape, regular margins, thick
walls, and homogeneous low-level internal echoes' >,
In contrast, scar endometriomas present as solid masses,
inhomogeneously hypoechoic with a fibrotic component
appearing as either tiny hyperechoic spots or thick hy-
petechoic strands and irregularly, often frankly spiculated
margins; vascularity may be appreciated by Color Doppler
in most of the masses, whereas cystic changes have been
rarely reported***, Moreover, in most cases perilesional
hyperechoic rings (due to inflammatory reaction triggered
by monthly haemorrhage in adjacent tissues) complete or
incomplete may be appreciated' !,

The present study confirmed the peculiar clinical and
sonographic presentation of these lesions, but also dem-
onstrated that large lesions (= 30 mm) displayed some
clinical and sonographic characteristics which are differ-
ent from the above-mentioned classic pattern.

Indeed, when compared to patients with smaller le-
sions, women with a large endometrioma showed a medi-
cal history characterized by a longer interval between
both the last cesarean delivery and the onset of painful
symptoms before hospital admission. Of note, they tend-
ed to complain of continuous pain instead of cyclic pain
with menses and to more often undergo more expensive
imaging examinations (CT/MRI) and invasive diagnos-
tic (FNB/laparoscopy) and therapeutic (e.g., surgery for
bowel adhesions) procedures without obtaining either a
correct diagnosis or resolution of their illness.

In addition, implant size = 30 mm was associated
with peculiar sonographic features of endometriomas
that showed more frequent small cystic areas, fistulous
digitations and loss of the usual round/oval shape. Color
Doppler examination showed multiple vascular pedicles
entering the mass from different points and an abundant
central vascularisation in contrast with the single vascular
pedicle and scarce or absent intralesional vessels seen
in smaller scar endometriomas. A likely explanation for
these phenomena may rely on the longstanding cyclic
bouts of haemorrhage facilitating both accumulation
of larger fluid collections and loss of the initial nodular
shape of the lesions due to inflammatory and fibrotic
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Figure 4 A 35-year-old woman with 52-mo of cyclic pain (after a cesarean
delivery 2 years previously) that was not relieved by a surgical interven-
tion for “intestinal adhesions” performed 44 mo before admission. A: US
displays a huge (widest diameter: 60 mm), heterogeneous, irregularly-shaped
mass occupying (between white arrows) the entire abdominal subcutaneous fat
thickness and infiltrating the underlying muscle; B: A cystic area is seen along
the posterior aspect of the mass (arrow); C: Cut surface of the surgical speci-
men: note the irregular shape of the highly vascularised mass with margins
infiltrating adjacent tissues, the huge amount of white fibrotic strands and the
multiple, well-defined haemorrhagic cystic collections (black arrows point out
the greatest collections).

changes in the surrounding tissues triggered by haemor-
rhage itself.

The development of a fistulous tract may be regarded
as a consequence of the infiltrative course of this chronic
inflammatory process, a feature that further contributes
to the irregular shape of endometriomas. An increase in
vasculature density, which can be detected more easily on
Color Doppler, is another obvious result of increasing
nodule size over time.

If one considers that 43% of cases included in the
present series had large endometriomas (= 3 cm) at the
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Figure 5 A 32-year-old woman with large scar endometrioma. Color Dop-
pler exam displays multiple vascular poles entering the mass from different
points and intralesional vascularisation.

time of diagnosis, this pathologic entity is a truly over-
looked diagnosis with several consequences. Firstly, the
masses in the abdominal wall are allowed to grow, a con-
dition that brings about a change in the characteristics of
both pain (from cyclic to continuous) and sonographic
findings (more irregularly-shaped, heterogeneous lesions
with cystic ateas, fistulous tracts, and more abundant
vascularisation). In turn, this entails widening of the dif-
ferential diagnosis gamut between benign and malignant
conditions, thus baffling physicians and radiologists
further. Secondly, patients are bound to undergo more
frequent inconclusive diagnostic work-ups with costly (i.e.,
CT/MRI) and sometimes invasive exams (i.e., FNB/lapa-
roscopy). Thirdly, unnecessary abdominal surgery may be
performed to relieve painful abdominal symptoms.

In addition, although the malignant transformation
of abdominal wall endometrioma has not been clearly
elucidated, owing to its rarity, such an eventuality should
always be considered™?; therefore eatly detection and
prompt treatment are mandatory.

Although scar endometrioma is a challenging diag-
nosis, only the first three cases in the present series were
misdiagnosed (suture granulomas and sarcoma) at the
beginning of this study. Since then every occupying-space
lesion in the abdominal wall near a cesarean section inci-
sion in a patient with chronic abdominal pain (either cy-
clic or continuous) was considered a likely endometrioma,
and all 27 subsequent patients were correctly diagnosed
prior to operation. Moreover, seven non-endometrioma
nodules near cesarean section scars were correctly identi-
fied during the same time period. Detailed clinical his-
tory and accurate physical and sonographic examination
were the clues to the high diagnostic accuracy achieved,;
furthermore, none of the cases underwent CT, MRI and
FNB in the diagnostic work-up and surgery, which is the
sole form of effective therapy in abdominal wall endo-
metriosis ™", was not delayed. Although CT and MRI
features of scar endometrioma have been described, they

20,2728
: l. furthermore,

often provide only aspecific findings
in the Author’s opinion, evaluation of disease extent in
musculo-cutaneous planes of the abdominal wall (one

of the main alleged reasons to perform CT and/or MRI)
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may be assessed nowadays by electronic wide-band high
frequency sonographic probes as accurately as by CT
and/or MRI. Some authots have proposed FNB to be
a valuable diagnostic tool for scar endometrioma™”’ 30]
however, inconclusive data have also been obtalned[31J
This was true for one of the studied patients who under-
went FNB with an inconclusive diagnosis several months
before admission.

In conclusion, the clinical scenario (palpable mass
near cesarean section scar and pain, especially if cyclic
with menses) along with a careful sonographic examina-
tion of the entire abdominal wall of the lower quadrants,
taking into account all the suggestive sonographic fea-
tures, even if they might differ according to endometriot-
ic implant size, are sufficient for a confident preoperative
diagnosis of abdominal wall endometrioma.
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Abstract

AIM: To investigate the chest radiographic and high
resolution computed tomography (HRCT) chest mani-
festations in glucocorticoid-naive allergic bronchopul-
monary aspergillosis (ABPA) patients.

METHODS: This is a prospective observational study
and includes 60 consecutive glucocorticoid-naive pa-
tients with ABPA who underwent chest radiography and
HRCT of the chest (1.25 mm every 10 mm) in the rou-
tine diagnostic workup for ABPA.

RESULTS: Chest radiographs were normal in 50% of
cases. Of the remainder, most patients demonstrated
permanent findings in the form of parallel line and
ring shadows suggesting bronchiectasis. Consolida-
tion was detected in 17 cases but in the majority, the
corresponding HRCT chest scan showed mucus-filled
bronchiectatic cavities. Chest HRCT was normal in 22
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patients, while central bronchiectasis (CB) was dem-
onstrated in the remaining 38 patients. Bronchiectasis
extended to the periphery in 33%-43% depending on
the criteria used for defining CB. The other findings ob-
served on HRCT were mucoid impaction, centrilobular
nodules and high-attenuation mucus in decreasing or-
der of frequency.

CONCLUSION: Patients with ABPA can present with
normal HRCT chest scans. Central bronchiectasis can-
not be considered a characteristic feature of ABPA as
peripheral bronchiectasis is commonly observed. Con-
solidation is an uncommon finding in ABPA.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Allergic bronchopulmonary aspergillosis (ABPA) is a
complex pulmonary disorder caused by immune reactions
to antigens that are released by Aspergillus fumigatus (A.
fumigatus), a ubiquitous fungus that colonizes the tracheo-
bronchial tree of patients with asthma and cystic fibro-
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sis"!. The disease can complicate the course in 2%-32%
of asthmatics”, and 2%-15% of patients with cystic
fibrosis'”. Patients most commonly present with poorly
controlled asthma although hemoptysis, expectoration
of mucus plugs, malaise and fever are also encountered'”.
The diagnosis is made on a combination of clinical, im-
munological and radiological findings using the Rosen-
berg-Patterson criteria or a modification thereof™. The
natural history of ABPA is variable, and is characterized
by recurrent remissions and relapses. In many patients it
causes progression from mild asthma to glucocorticoid-
dependent asthma, while in others, chronic lung damage
in the form of central bronchiectasis (CB) or pulmonary
fibrosis may ensue.

High resolution computed tomography (HRCT) of
the chest is the radiological investigation of choice in pa-
tients with ABPA!". Chest radiography is not sufficiently
sensitive to detect the presence or the extent of bronchi-
ectasis’. Bronchography, traditionally considered the in-
vestigation of choice for the diagnosis of bronchiectasis,
is not only invasive but may also be associated with ad-
verse effects”. HRCT of the chest safely allows detection
of abnormalities not apparent on chest radiography with
a sensitivity and specificity of 96%-98% and 93%-99%
respectively, compared to bronchography in diagnosis
of bronchiectasis'™'". The chest radiographic findings
depend on the clinical stage of the disease. Transient and
fleeting opacities are characteristically found during acute
exacerbations of the disease, whereas fixed abnormalities
are encountered in later stages of the disease. The find-
ings on HRCT chest scan include CB, mucus plugging
with bronchocele formation, centrilobular nodules and
others".

Few studies have reported HRCT chest findings in
patients with ABPA!""*, Most of these studies have
focused their attention on detection of CB rather than
describing the CT findings. In fact, only two studies have
described the occurrence of centrilobular nodules in
ABPAP". Moteover, with time, change in disease epi-
demiology and better understanding of the disease, the
radiological manifestations may be different from those
originally described. For example, high-attenuation mu-
cus has been a recently described radiological finding in
ABPA. In this study, we describe the chest radiographic
and HRCT chest manifestations in glucocorticoid-naive
patients with ABPA diagnosed in the Chest Clinic of a
tertiary care hospital in North India. Further, we have
also performed a systematic review of all the studies de-
scribing the HRCT chest manifestations of ABPA.

MATERIALS AND METHODS

This is a prospective observational study, and includes
consecutive glucocorticoid-naive patients with ABPA di-
agnosed in the Chest Clinic of this institute over a petriod
of 9 mo (January 2009 to September 2009). An informed
consent was taken from all patients, and the study was
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approved by the Local Ethics Committee. In our Chest
Clinic, all patients with asthma are screened for Aspergi/-
Jus sensitization using an intradermal skin test. Patients
who demonstrate immediate cutaneous hyperreactivity to
Aspergillus skin test are further evaluated with: IgE levels
(total and A. fumigatus-specific), total eosinophil count,
Aspergillns precipitins and HRCT of the chest. Patients
are classified as having ABPA if they meet the following
two criteria: (1) total IgE levels > 1000 TU/mL,; and (2) A.
Jfumigatus-specific IgE levels > 0.35 kUA/L; and two of
the following criteria: (1) presence of serum precipitins
against A. fumigatus; (2) radiographic pulmonary opacities
(fixed/transient); (3) eosinophil count > 1000 cells/uL
in peripheral blood; and (4) CB on HRCT chest®**, All
the investigations, including CT scan, are done prior to
starting glucocorticoid therapy.

Aspergillus skin test is performed by injecting the test
forearm intradermally with 0.2 mL of the Aspergillus an-
tigen (100 PNU/mL)*, The reactions are classified as
type I, if wheal and erythema occurs within a minute
and resolves within 1 to 2 h. Any amount of subcutane-
ous edema after 6 h is classified as type 1l reaction.

Serum total IgE and A. fumigatus-specific IgE levels
were assayed with commercially available kits using the
quantitative enzyme-linked immunosorbent assay (De-
meditec diagnostics GmbH, Kiel, Germany) and the fluo-
rescent enzyme immunoassay (UniCap Systems; Pharma-
cia Upjohn; Stockholm, Sweden).

A. fumigatus precipitins were detected by the Ouchter-
lony’s gel diffusion techniques as described by Longbot-
tom and Pepys”’.

The total leucocyte count was initially determined
using an auto-analyzer (LH-750 or SF-3000). The per-
centage of differential leucocyte count was ascertained
by counting and classifying 100 white blood cells on a
peripheral blood smear. The total eosinophil count was
obtained by multiplying the percentage with the total leu-
cocyte count.

Spirometry was performed on a dry rolling seal spi-
rometer (Spiroflow; PK Morgan Ltd.; Kent, UK) to de-
termine the lung function measurements and bronchodi-
lator reversibility. Age, gender, height and spirometry data
were recorded for all patients using computer software
previously developed by us®’,

Chest radiography was performed in all patients. The
radiographic findings were characterized as transient or
fixed as described by McCarthy ef al™ with minor modi-
fications. Transient opacities include consolidation, band-
like shadows (toothpaste opacities, appearance of a “V”,
inverted “V” or a “Y” shaped shadow), finger-in-glove
opacities (ovoid perihilar shadows with an expanded
rounded distal end), circular shadows, and atelectasis.
Fixed changes include parallel line or tram line shadows
(width of the zone between the lines is more than that of
a normal bronchus) and ring shadows.

HRCT of the chest was performed on a 16-row, mul-
tiple detector CT scanner (LightSpeed Plus; GE Medical
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Table 1 Baseline characteristics of 60 patients with allergic

bronchopulmonary aspergillosis 7 (%)

Demographic details

Age (yr), median (IQR) 30 (21.3-43.5)

Sex (M:F) 34:26
History
Duration of asthma (yr), median (IQR) 6.5 (3-10.75)
Hemoptysis 20 (33.3)
Expectoration of brownish-black 23 (38.3)
mucus plugs
Prescription of anti-tuberculous therapy 17 (28.3)
Tobacco smoking 3 (5)
Spirometry
Normal 14 (23.3)
Mild obstruction 15 (25)
Moderate obstruction 19 (31.7)
Severe obstruction 12 (20)
Bronchodilator reversibility 29 (48.3)
Immunological findings
Aspergillus skin test
Type 1 60 (100)
Type 3 47 (78.3)
Absolute eosinophil count (/pL), 800 (485-1535)
median (IQR)

Aspergillus precipitins
IgE levels (total) (IU/mL), median (IQR)
IgE levels (Af) (kU/L), median (IQR)

50 (83.3)
6068.5 (3041-10284)
6.5 (1.31-23.23)

Systems; Slough, UK) with a 512 matrix size. The scans
[120 kilovolts; 10 mA; window width, 1500 Hounsfield
units (HU); and window level, -600 HU] were obtained
with a scan time of three seconds in the supine posi-
tion at full end-inspiration from lung apex to base. The
image acquisition was spaced and the images (1.25 mm
at 10-mm intervals) were reconstructed using the high-
spatial-frequency algorithm. The scans were analyzed at
the lobar as well as segmental level. Individual broncho-
pulmonary segments were identified by their relationship
to the major and minor fissures, and the appropriate
lobar bronchi®™. The lobes were classified as three on the
right and two on the left with lingular lobe considered
as part of the left upper lobe. We divided the right lung
into 10 segments, and left into 8 segments according
to the classification of Jackson and Huber™. All scans
were assessed for radiological abnormalities and were
categorized as follows: (1) normal bronchi were those
having the lumen diameter similar to the adjacent artery.
A bronchus was considered to be dilated if the broncho-
arterial ratio (internal diameter of the bronchi divided
by the external diameter of its accompanying artery) was
more than one®". Bronchiectasis was further classified as
cylindrical, varicose or cystic. Cylindrical bronchiectasis,
the mildest form of this disease, appears as tram track or
signet ring depending on the otientation of bronchi rela-
tive to the scan plane. Varicose bronchiectasis was con-
sidered to be moderate dilatation of the bronchus with
irregular bronchial walls showing a beaded appearance.
Cystic bronchiectasis was defined as marked saccular
dilatation, which appears as a cluster of air-filled cysts"™,
(2) CB was defined using two different criteria, depend-
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Figure 1 Chest radiograph showing ring opacities (arrows) and parallel
line shadows (arrowhead).

ing on whether the bronchiectasis was confined to the
medial half (point midway between hilum and chest wall)
or the medial two-thirds of the lungm; (3) the presence
of high attenuation mucus (HAM) was considered if the
mucus was visually denser than the paraspinal skeletal
muscle®™**); (4) centrilobular nodules were considered
to be present if the nodules were distributed primarily
within the center of the secondary pulmonary lobule
with or without a tree-in-bud patternm; (5) presence of
parenchymal abnormalities including consolidation, pa-
renchymal scarring, bullae, atelectasis and pneumothorax
were also noted. The criteria used to define these appeat-
ances were as described by Webb ez al’; and (6) patients
were classified radiologically as ABPA-S, ABPA-CB and
ABPA-CB-HAM based on the presence or absence of
CB and HAMPL

RESULTS

During the study period, 60 patients [34 men, 26 women;
median (IQR) age, 30 years (21.3-43.5)] were diagnosed
with ABPA. The median duration of asthma prior to
diagnosis of ABPA was 6.5 mo. The baseline demo-
graphic, clinical, spirometric, and immunological findings
are shown in Table 1. Almost 29% of the patients had
received anti-tuberculous therapy inappropriately prior
to diagnosis of ABPA. Spirometry was normal in 23.3%
and bronchodilator reversibility could be demonstrated in
almost half of the patients.

Radiographic findings on the initial chest radiograph

The chest radiograph was normal in 50% of cases (Table 2).
Of the remaining patients, the majority had permanent
findings on the chest radiograph in the form of parallel
line and ring shadows (Figure 1). Consolidation was de-
tected in 17 (28.3%) cases. However, in 13 of them, the
corresponding CT showed mucus-filled bronchiectatic
cavities (Figure 2A and B), while classic consolidation
was observed in both chest radiograph and chest CT' in
four patients (Figure 2C and D). Other findings observed
were toothpaste opacities (Figure 4A), fleeting pulmonary
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Figure 2 Chest radiograph. A, B: Chest radiograph (right panel) demonstrating consolidation in the left upper zone. Corresponding high resolution computed to-
mography of the chest (left panel) shows mucus-filled dilated bronchi; C, D: Chest radiograph (right panel) demonstrating consolidation in left upper zone. Computed
tomography chest (left panel) shows typical consolidation with air bronchograms.

Figure 3 Chest radiograph. A: Chest radiograph showing consolidation (arrow) and tram track opacities (arrowhead); B-D: Chest radiographs performed over time
in a patient with allergic bronchopulmonary aspergillosis showing fleeting pulmonary opacities, and clearance after treatment. Arrowheads depict the fleeting opacities;
E: Chest radiograph showing subsegmental collapse.
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Figure 4 High resolution computed tomography chest scan. A, B: High resolution computed tomography chest scan showing typical central bronchiectasis. The
upper panel shows cylindrical bronchiectasis while the lower panel shows cystic bronchiectasis; C: High resolution computed tomography chest scan showing bronchi-
ectasis extending to the periphery. Also seen are mosaic attenuation and centrilobular nodules; D, E: High resolution computed tomography chest scan demonstrating
mucus plugging of dilated bronchi (arrows) with evidence of centrilobular nodules in a tree-in-bud fashion (arrowheads); G: High resolution computed tomography
chest scan showing central bronchiectasis with extensive areas of mosaic attenuation.

opacities (Figure 3B-D) and atelectasis (Figure 3E). was demonstrated in the remaining 38 patients (Figure 4A
and B). Eight patients with normal chest radiographs were
HRCT chest findings found to have CB on HRCT chest scan while all patients

HRCT of the chest was normal in 22 patients, while CB with abnormal chest radiographs had CB on chest CT.
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Table 2 Radiographic findings in the first chest radiograph in

60 cases of allergic bronchopulmonary aspergillosis

Normal 30
Transient
Fleeting opacities 24
Toothpaste/finger-in-glove opacities 23
Consolidation 17
Nodular 13
Atelectasis 8
Fixed
Parallel line and ring shadows 25!
Cystic bronchiectasis 10

"Includes tramline shadows.

Bronchiectasis was generally extensive with the median
number of lobes and segments involved being 4 and 7,
respectively. The details of lobes and segments involved
with regard to CB are shown in Table 3. Of the 300 lobes
and 1080 segments, 22 patients (110 lobes, 396 segments)
had normal HRCT, whereas 8 lobes and 20 segments
could not be evaluated due to the presence of collapse or
fibrosis. Of the remaining 182 lobes and 664 segments,
139 lobes and 282 segments were involved by CB. Cylin-
drical, varicose and cystic bronchiectasis was observed in
37, 73 and 29 lobes, respectively. While there was no pre-
dilection for any particular lobe or segment, the posterior
segment of the right upper lobe had CB involvement in
the bulk of cases. Three patients had isolated lower lobe
bronchiectasis without involvement of the upper lobes.
Bronchiectasis extended to the periphery (Figure 4C) in
33%-43% depending on the criteria used for defining CB
(Table 3). Other findings noted in decreasing order of
frequency were mucoid impaction, centrilobular nodules
(Figure 4D and E), high-attenuation mucus (Figure 4F)
and mosaic attenuation (Figure 4G).

DISCUSSION

ABPA was first described by Hinson e 2/’ in 1952 from
the United Kingdom in a description of pyrexial ill-
ness occurring in asthmatics characterized by recurrent
episodes of consolidation with peripheral blood eosino-
philia. This was followed by reports of ABPA from other

continents™ ", The disease was initially considered to be

rare until large series were published from different coun-
tries'*. Tn a genetically susceptible individual, inhaled
conidia of A. fumigatus are able to germinate into hyphae,
releasing antigens that not only compromise mucocili-
ary clearance and breach the airway epithelial barrier,
but also activate the immune system of the lungm. This
leads to influx of inflammatory cells with resultant tissue
injury and the characteristic finding of CB. The finding
of proximal bronchiectasis, i.c., involvement of segmen-
tal and subsegmental bronchi with sparing of the distal
branches, is believed to be typical of ABPA™,

The current study represents one of the largest report-
ing radiological manifestations of ABPA. The importance
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Table 3 High resolution computed tomography findings

in 60 consecutive patients with allergic bronchopulmonary
aspergillosis 7 (%)

Results
Staging of ABPA
ABPA-S 22 (36.7)
ABPA-CB 25 (41.7)
ABPA-CB-HAM 13 (21.7)
Lobar and segmental involvement by
bronchiectasis (1 = 38), median (IQR)
Number of lobes 4 (3-5)
Number of segments 7 (4-9)
No. of lobes/segments not evaluable 8/20
No. of lobes/segments affected by 139/182
central bronchiectasis
No. of lobes affected by peripheral bronchiectasis
By 1/2 criteria 60/139 (43.2%)
By 2/3 criteria 46/139 (33.1%)
Right upper lobe 33/38
Apical segment 14
Anterior segment 19
Posterior segment 25
Right middle lobe 23/38
Medial segment 21
Lateral segment 13
Right lower lobe 27/38
Apical 20
Medial 10
Anterior 12
Lateral 15
Posterior 14
Left upper lobe 27/38
Apicoposterior 17
Anterior 17
Superior lingular 15
Inferior lingular 9
Left lower lobe 29/38
Apical 19
Anterior 12
Lateral 12
Posterior 18
Other findings
Centrilobular nodules and tree-in-bud opacities 28 (46.7)
Atelectasis 8(13.3)
Mucoid impaction 30 (50)
Mosaic attenuation 12 (20)
High-attenuation mucus 13 (21.7)
Lower lobe involvement without upper 3 (5)

lobe involvement

ABPA: Allergic bronchopulmonary aspergillosis; CB: Central bronchiectasis;
HAM: High attenuation mucus.

of chest radiographic findings is currently questionable
with the advent of HRCT of the chest, and the radio-
graphic manifestations seem to have lost their diagnos-
tic importance. The most common chest radiographic
finding noted in our study was a normal radiograph.
Although transient findings were commonly observed in
those with chest radiographic abnormality, most of the
patients also had fixed abnormality indicating the pres-
ence of permanent lung damage. Consolidation, con-
sidered to be the most frequent chest radiographic ab-
normality of ABPA™, was evident on chest radiograph
in our study. The HRCT chest scan, however, revealed
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Table 4 Studies describing high resolution computed tomography findings in patients with allergic bronchopulmonary aspergillosis

Author (yr) No. of HRCT thickness Scan Window Lobes or Central Patients Patients Lobes with Lobes with
patients time (s) width/level segments bronchiectasis with CB  with PB CB/PB PB
evaluated criteria
Currie et al™ 9 3mm every 5.5 Wide NA Subjective; 9 7 31 19
(1987) 10 mm setting based on
proximity to
hilum
Neeld ef al™! 8 1.5 mm every 2000/-550  46lobes  Medial 2/3rd 6 2 19 2
(1990) 10 or 20 mm of the lung
Shah et al™ 2 NA 40  1000/-700 37 segments Medial 2/3rd 24 None None
(1992) of the lung segments
Angus et al 14 3 mm every 95 NA 102lobes  Medial 2/3rd 14 1 43 5
(1994) 9 mm of the lung
Panchal et al™” 21 8 mm contiguous 3-5 NA 336 segments  Medial 2/3rd NA NA 212 NA
(1994) sections of the lung segments
Sandhu et al" 15 8 mm contiguous NA  1000/-700 90 lobes Medial 2/3rd 44 NA 57 18
(1994) scans (2-4 mm of the lung
where required)
Panchal et al™ 23 8 mm contiguous 3-5 NA 134 lobes/ Medial 2/3rd 23 NA 114 lobes 34 lobes
(1997) (4 mm if not 406 segments  of the lung 210 45 segments
clearly visualized) segments
Ward et al® 44  1-3mmevery 10mm NA NA 264 Medial 2/3rd 28 NA 184 NA
(1999) at 5 selected levels of the lung
Mitchell et al®™ 19 1-1.5 mm every 1-2 NA 114 Medial 2/3rd 18 15 101 NA
(2000) 10-20 mm; 5 and of the lung
10 mm contiguous
cuts also taken
Agarwal et al™ 126 1.25 mm every 3.0  1500/-600 431 lobes/ Medial half NA NA 255 99 lobes
(2006) 10 mm 1621 of the lung lobes/
segments midway 664
between segments
the hilum and
chest wall
HRCT: High resolution computed tomography; CB: Central bronchiectasis.
the area of consolidation identified on the radiograph as develop CB"**. Although bronchiectasis affecting three

mucus-filled bronchi in the majority of the patients, in-
dicating that eosinophilic “pneumonia” is an uncommon
finding of ABPA contrary to what has been previously
believed. The likely reason is that previous studies de-
scribing chest radiographic findings in ABPA are of the
pre-CT era and researchers could not corroborate their
findings with HRCT of the chest.

Although CB is the most characteristic finding in
ABPA, there is lack of uniformity in the definition of
CB. Hansell ¢ a/™ were the first to describe CB arbitrarily
as dilated bronchi within a point midway radially from the
hilum to the chest wall. Subsequently, authors have used
different definitions including subjective criteria based on
proximity to the hilum'™, and dilated bronchi within the
medial two-thirds of the point radially from the hilum to
the chest wall*'*"", Although believed to be a character-
istic finding in ABPA, the significance of CB as a specific
diagnostic marker for ABPA is debatable as it has been
shown that almost 40% of the involved lobes have bron-
chiectasis extending to the peripherym’m’zzj. In our study,
the prevalence of CB was 43% and 33%, respectively, if
CB was defined as the presence of bronchiectasis within
the medial half or the medial two-thirds of the lung
Moreover, patients with asthma without ABPA can also
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or more lobes, centrilobular nodules, and mucoid impac-
tion on HRCT suggests ABPA rather than asthma®’,
one study recognized all these findings in asthmatics with
Aspergillus sensitization without ABPA™!, Apart from CB,
mucoid impaction was the commonest finding observed
on HRCT in our study. The mucus plugs in ABPA are
generally hypodense but can also be hyperdense; defined
as a mucus plug visually denser than the paraspinal skel-
etal muscle™. The hyperattenuating character of mucus
is ascribed to the presence of calcium salts and metals or

. 46,47
desiccated mucus™*’, Recently, numerous reports have

described the occurrence of HAM in ABPAP»**°! and
currently the presence of HAM is considered a pathog-
nomonic finding in ABPA™,

To compare the HRCT chest findings of our study
with those described in the literature, we have also per-
formed a systematic review of PubMed and EmBase
using free text search terms: allergic bronchopulmonary
aspergillosis, ABPA. Our search yielded 3133 references
of which 10 studies have reported HRCT chest findings
of ABPA (Table 4)"*. The studies have used different
protocols for performance of CT, and most studies have
used the definition of CB as dilated bronchi present with-
in the medial two-thirds of the lung fields. The presence
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of bronchiectasis extending to the periphery has also
been variably described' %" . Most studies were ret-
rospective and included patients who had already received
glucocorticoids for treatment of ABPAP102 O]
one study described the presence of HAM in ABPA™,
The presence of HAM in ABPA was first described by
Goyal ez al® although this radiological diagnosis was
probably missed for long periods before™ and even after
description of this ﬁndingﬂs’sﬂ.

Although we have previously reported HRCT chest
findings in ABPA™, the limitation of the previous study
was that we had not compared the chest radiograph
findings with chest CT. Moreover, in this study we have
used different definitions for defining CB to determine
the change in prevalence of peripheral bronchiectasis
in ABPA with different definitions. The prevalence of
peripheral bronchiectasis has been variably reported
as between 11% and 61%. Our study is different from
the previous studies in that we included consecutive
glucocorticoid-naive patients diagnosed in the Chest
Clinic. This is also reflected by the fact that almost 37%
of the patients had a normal HRCT of the chest. It is the
usual belief of clinicians and radiologists that all patients
with ABPA should manifest with CB on chest HRCT.
However, the eatliest stage of ABPA is serologic ABPA
(ABPA-S) in which the patients fulfill all diagnostic crite-
ria of ABPA but do not manifest with any abnormalities
on HRCT chest scan”™. In fact, in asthma clinics where
there is an active screening program for ABPA, almost
25% of ABPA patients will be diagnosed in the serologi-
cal stagem].

In conclusion, HRCT findings are useful in the di-
agnosis of ABPA; however, patients with ABPA can
present with normal HRCT of the chest. CB cannot be
considered a characteristic feature as peripheral bronchi-
ectasis is commonly observed. Consolidation is an un-
common finding of ABPA while high-attenuation mucus,
if present, is a characteristic finding of ABPA.

COMMENTS

Background

Allergic bronchopulmonary aspergillosis (ABPA) is a complex pulmonary disor-
der caused by immune reactions to antigens that are released by Aspergillus
fumigatus, a ubiquitous fungus that colonizes the tracheobronchial tree of
patients with asthma and cystic fibrosis. High resolution computed tomography
(HRCT) of the chest is the radiological investigation of choice in patients with
ABPA. Few studies have reported HRCT chest findings in patients with ABPA.

Research frontiers

Most of the studies describing HRCT findings have focused their attention on
detection of central bronchiectasis (CB) rather than describing the CT findings.
In fact, only two studies have described the occurrence of centrilobular nodules
in ABPA. Moreover, with time, change in disease epidemiology and better
understanding of the disease, the radiological manifestations may be different
from those originally described. For example, high-attenuation mucus has been
a recently described radiological finding in ABPA. In this study, the author de-
scribe the chest radiographic and HRCT chest manifestations in glucocorticoid-
naive patients with ABPA diagnosed in the Chest Clinic of a tertiary care hos-
pital in North India. Further, the authors also perform a systematic review of all
the studies describing the HRCT chest manifestations of ABPA.
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Innovations and breakthroughs

Chest radiographs were normal in 50% of cases while in the remaining, most
patients demonstrated permanent findings in the form of parallel line and ring
shadows suggesting bronchiectasis. Consolidation was detected in 17 cases
but in the majority, the corresponding HRCT chest scan showed mucus-filled
bronchiectatic cavities. Chest HRCT was normal in 22 patients, while CB was
demonstrated in the remaining 38 patients. Bronchiectasis extended to the pe-
riphery in 33%-43% depending on the criteria used for defining CB. The other
findings observed on HRCT were mucoid impaction, centrilobular nodules and
high-attenuation mucus in decreasing order of frequency.

Applications

Patients with ABPA can present with normal HRCT of the chest. CB cannot
be considered a characteristic feature of ABPA as peripheral bronchiectasis is
commonly observed. Consolidation is an uncommon finding of ABPA

Terminology

CB: CB can be defined using two different criteria; if bronchiectasis is confined
to the medial half (point midway between hilum and chest wall) or the medial
two-thirds of the lung; High-attenuation mucus: considered if the mucus is visu-
ally denser than the paraspinal skeletal muscle.

Peer review

This is very interesting and well conducted study. It is worth of publication after
some clarifications.
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Abstract

AIM: To study computed tomography (CT) features
of abdominal malignant fibrous histiocytoma (MFH) in
various rare locations.

METHODS: We retroprospectively identified cases of
MFH involving the abdominal cavity. Particular attention
was paid to details regarding imaging features and his-
tological types.

RESULTS: The study population consisted of seven
men and one woman, with a mean age of 52.5 years.
Seven patients had some physical symptoms, while one
was incidentally detected. The sites of origin were liver
(n = 3), greater omentum (7 = 1), superior mesentery
(n = 1), ileum (7 = 1), right psoas muscle (7 = 1) and
right kidney (7 = 1). With the exception of the ileum
lesion, all were of huge size. The contour of the lesions
was more or less clear. Foci of necrosis were present in
six lesions (7 = 6). On plain CT scan, all lesions were
hypo to iso dense. The lesion in the greater omentum
was cystic. One lesion (7 = 1) showed significant en-
hancement and the cystic lesion showed mild peripheral
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enhancement. An abundance of blood vessels surround-
ing the mass was seen in two lesions (7 = 2) and both
were of the inflammatory variety. Pathological exami-
nation revealed storiform-pleomorphic variety (7 = 4),
inflammatory variety (7 = 3) and myxoid variety (7 = 1).
Two of the patients with inflammatory MFH had a clini-
cal presentation of fever and one was afebrile, however,
blood investigations in all three showed leukocytosis.

CONCLUSION: Primary MFHs of the abdominal viscera
and gastrointestinal tract are generally huge soft tissue
masses containing areas of low attenuation and mild to
moderate contrast enhancement.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Malignant fibrous histiocytoma (MFH) is a pleomorphic
sarcoma. It was first described as malignant histiocytoma
and fibrous xanthoma by Ozello ¢ a/ in 1963, and was
established by O’Brien and Stout as a soft tissue sarcoma
arising from fibroblasts and histiocytes in 1964". MFH
is a relatively rare tumor that occurs throughout the
body"”. However, it is also the most common sarcoma
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appearing in late adult life (6th-7th decades) and men are
more often affected than women. The most frequent site
of MFH is the extremities (lower extremity 49%, upper
extremity 19%). The second most prevalent site is the
retroperitoneum (16%) and peritoneal cavity (5%-10%)".
Occurrence of this lesion in visceral organs and the gas-
trointestinal tract is very rare, and there is a marked pau-
city of reports describing MFH in these locations. Our
purpose was to study the computed tomography (CT)
features of abdominal MFH in various rare locations.

MATERIALS AND METHODS

Subjects

Cases of MFH of the abdominal cavity registered in the
pathological department of our institution from 2000 to
2010 were identified. The search yielded 9 cases, the re-
ports of which were reviewed. One was excluded due to
unavailability of clinical data. For the remaining 8 cases,
complete hospital records (history, diagnostic imaging,
operative findings and pathological reports) were re-
viewed. Particular attention was paid to details regarding
imaging features and histological types. Clinical data were
reviewed for age, sex, and presenting complaints. Ethical
approval from the institutional review board at our hos-
pital was obtained to conduct this study.

CT scanning and image analysis

CT data were available on PACS (picture archiving and
communication system, Matrotech) of all patients which
were studied by two radiologists. All CT examinations
were performed using a 16 slice CT scanner (Light speed,
GE Health Care, USA). Scans wete obtained with a tube
voltage of 120 kV, tube current of 280-320 mAs, slice
thickness 5 mm and section interval of 5 mm. With
the exception of the patient with the ileum mass, all
underwent a contrast scan. For the contrast-enhanced
scan, 80-120 mL of non-ionic contrast agent (Ultravist)
was injected at the rate of 3.5-4 mL/s. All images were
reviewed on a PACS monitor and were retrospectively
analyzed with regard to the location of the lesions, tumor
morphology and enhancement pattern.

Pathologic analysis

With the exception of the patient with a mesenteric le-
sion who only underwent CT-guided biopsy, the other
patients were treated surgically. Each specimen was ex-
amined microscopically and immunohistochemically to
confirm the diagnosis. The pathology records of each pa-
tient were reviewed to establish the histological subtypes
of the lesions.

RESULTS

The study population consisted of seven men and one
woman, who had an age range of 23-79 years (mean
52.5 years). Seven patients had some physical symptoms,
while one was incidentally detected during a regular
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health check-up. The sites of origin were liver (2 = 3),
greater omentum (# = 1), superior mesentery (z = 1),
ileum (7 = 1), right psoas muscle (# = 1) and right kidney
(7 = 1) (Table 1). With the exception of the ileum lesion,
all were of huge size. The contours of the lesions were
more or less cleat, except one, in the left lobe of the liver.
Foci of necrosis were present in six lesions (7 = 6). On
plain CT scan, all lesions were hypo to iso dense, seven
lesions were soft tissue masses of density ranging from
30-47 HU in the plain scan. The lesion in the greater
omentum was cystic with a density of 15-23 HU. Con-
trast scans showed significant enhancement in one lesion
(7 = 1) and the cystic lesion showed mild peripheral en-
hancement. The central necrotic zone in the mesenteric
lesion was more evident in the contrast scan. An abun-
dance of blood vessels surrounding the mass was seen in
two lesions (7 = 2), both of which were the inflammatory
variety. The lesion in the ileum had peritoneal metastasis
at the time of diagnosis. The greater omentum lesion re-
curred within 3 mo of surgery. The patient with the mes-
entery lesion could not undergo surgery due to multiple
distant metastatic foci. Pathological examination revealed
storiform-pleomorphic variety (# = 4), inflammatory vari-
ety (# = 3) and myxoid vatiety (# = 1). Two patients with
inflammatory MFH had a clinical presentation of fever
and one was afebrile, however, blood investigations in all
three showed leukocytosis.

DISCUSSION

MFH is a well-established sarcoma arising in the adult
population. It is considered to arise from primitive mes-
enchymal cells and can occur in any part of the body.
Despite this ubiquity, involvement of the visceral organs
and peritoneal cavity is uncommon. The cause of its
origin is not clear. However, it has been recognized as a
complication resulting from radiation, chronic postopera-
tive repair, trauma, surgical incisions or burn scars'!, but
this would explain only a minority of cases. Sun exposure
does not seem to be an important risk factor”. MFH
mainly involves extremities followed by the retroperito-

neum. Uncommon locations include the head and neck
region, dura mater, brain, lung, heart, aorta, pancreas,

. . . 6-10
liver, spleen, breast, intestine and mesentery[ 1,

MFH pathological and clinical features

MFH is composed of both histiocytic and fibrous ele-
ments, according to their content and arrangement, MFH
was divided into five major groups by Enzinger e al': sto-
riform-pleomorphic, myxoid, giant cells, inflammatory and
angiomatoid. The first two types, namely stotiform-pleo-
morphic and myxoid types are usually high grade, whereas
the others tend to be lower grade!”. Of these types, the
storiform-pleomorphic type is most common, account-
ing for two thirds of cases. It is composed of spindle-
shaped cells arranged in short fascicles in a cartwheel or
storiform pattern, along with plump histiocytic cells show-
ing mitotic features'. The myxoid subtype is the second
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Table 1 Clinical, computed tomography and pathological findings of cases

S. Age (yr)/ Clinical presentations Location Size (cm) Necrosis CT Histological subtypes
No. sex .
Plain Contrast
1 31/F  Fever, abdominal pain Liver It. lobe 9.7x58 x3.6 - Hypodense Significant Inflammatory
2 47/M  Upper abdominal pain Liver rt. lobe 7.9%x88x33 4 Hypodense Mild Storiform-pleomorphic
3 54/M Jaundice, upper Liver It. lobe 75%x62x1.2 W Hypodense Mild Myxoid
abdominal pain
4 34/M Fever, polyuria Greater omentum  12.0 x 11.0 x 22.6 T Hypodense ~ Mild peripheral Inflammatory
5 64/M Abdominal pain, Mesentery 63x41x24 + Hypodense Mild in Inflammatory
weight loss equilibrium phase
6 79/M  Abdominal discomfort Tleum 3.3%x23x5.0 - Hypodense - Storiform-pleomorphic
7 59/M Occasional Lower Retroperitoneal - 9.4 x77x10.0 + Isoodense Mild Storiform-pleomorphic
abdominal pain Ppsoas muscle
8 23/M Health check up Rt. Kidney 7.0%x64x18 W Hypodense Mild in Storiform-pleomorphic

equilibrium phase

CT: Computed tomography; +: Present; -: Absent.

Figure 1 A 31-year-old female with liver malignant fibrous histiocytoma. A: Plain computed tomography scan shows well demarcated mass with direct contact to
the left lobe of liver and uniform density of 38 HU; B: Contrast scan arterial phase shows heterogeneous enhancement of mass compare to normal liver parenchyma
with surrounding blood vessels; C: Pathological specimen HE (x 400) showing multinucleated spindle shape tumor cells with inflammatory cells.

most common variant, with definite metastatic potential,
but a relatively indolent natural history compared with the
stotiform-pleomorphic variant"”?. The inflammatory MFH
was first described by Kyriakos ez 2/ in 1976. Unlike
other types of MFHs, inflammatory MEFH is more likely to
develop in the retroperitoneum than in extremities' . Al-
though the mechanism is poorly understood, patients of-
ten present with striking features of infection such as fever
and pathologically acute inflaimmatory infiltration mainly
by neutrophils, together with a small number of other
types of inflammatory cells™. On immunohistochemistry
examination, MFH frequently expresses a positive reaction
to vimentin, actin, CD-68, and o 1-antitrypsin'™'"®.

Liver MFH

Liver is an exceptional site of involvement. Since the
first report in 1985, only about 30 cases of hepatic MFH
have been reported in the English literature! ™. There
is no predilection for lobe or the site of origin. The
prognosis is poor, with the overall 2-year survival rate ap-
proximately 60%!"". Unenhanced CT findings of hepatic
MFH include poorly demarcated or a well circumscribed,
large or multinodular mass showing heterogeneous low
attenuation density, with frequent areas of necrosis and
occasional intratumoral calcification!”””. Smaller tumors
may show a solid mass without prominent internal necro-
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sis”), Following contrast injection, heterogeneous mild to
moderate enhancement of the mass with several necrotic
areas may be evident, and rarely enhancing peripheral
pseudo-capsule or significant enhancement is noted'”.
Although the vascularity of MFH is variable, the majority
of lesions are moderately hypervascular with the tumor
supply derived from multiple surrounding vessels™.

One of three patients with inflammatory MFH in our
study showed marked enhancement and abundant blood
vessels surrounding the tumor mass (Figure 1), and in the
other two cases the enhancement was mild (Figure 2). The
patient with a mass in the left liver lobe showed a poorly
demarcated tumor margin (Figure 3), while the other two
had well demarcated margins. The tumors may involve
the liver capsule and adjacent organs, but there is no evi-
dence of portal vein invasion, bile duct obstruction, or
regional lymph node metastasis' ™. A report of a mass
undergoing complete necrosis and significant intratumoral
hemorrhage involving the hemoperitoneum has also been
published™. The differential diagnosis of liver MFH in-
cludes hepatocellular carcinoma and other sarcomas such
as leiomyosarcoma, fibrosarcoma and angjosarcoma.

Greater omentum MFH

Despite the ubiquity of MFHs, involvement of the
omentum is uncommon. Involvement of the peritoneal
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Figure 2 A 47-year-old male with liver malignant fibrous histiocytoma.
Contrast-enhanced computed tomography scan arterial phase shows a mass
with a clear boundary in the right-posterior lobe of liver segment 6 and 7. No
obvious enhancement with areas of hypodensity is evident.

cavity is seen in 5%-10% of MFHs™*, During a MED-
LINE search we found only 5 cases of MFH in the Eng-
lish literature with specific occurrence in the omentum
including ours. On CT, MFH has a density predominantly
equivalent to muscle™”, Hypodense areas represent ne-
crosis which frequently exist within the lesions and these
are more apparent on post-contrast study. It is difficult to
determine the true origin of omentum MFH because the
tumor is usually huge. A few authors have even described
the mass undergoing complete necrosis and resembling
a cyst or abscess in the imaging study™*". Approximately
5% of MFHs may eventually develop spontaneous in-
tratumoral hemorrhage, especially when the MFH arises
from the peritoneum or omentum. The intratumoral
hemorrhage can be so extensive as to obscure the under-
lying neoplasm and could create a large cyst-like space
that might be mistaken for a hematoma, abscess or cystic
tumor'”. Similarly, in our case, the mass was completely
cystic with a density of 15 to 23 HU extending to the
pelvic cavity and it was very difficult to determine its site
of origin, which corresponded to the findings of Huang
¢t al. Therefore, the preoperative diagnosis was difficult
(Figure 4). However, due to the size and presence of
abundant blood vessels surrounding the mass, a malig-
nant lesion was suspected. The patient underwent preop-
erative embolization of the feeding vessels to minimize
the risk of bleeding. Intra-operative findings revealed a
greater omentum cystic mass with adherence to the small
bowel and sigmoid colon. The pathological diagnosis re-
vealed the inflammatory variety of MFH. The tumor re-
curred during the subsequent 3-mo follow-up, which was
inconsistent with the previous report commenting on the
inflammatory variety which had a low rate of recurrence
and metastasis”. Differential diagnosis in cystic omental
MFH includes gastrointestinal stromal tumors, cystic me-
sothelioma, lymphangioma, hematoma and abscess.

Superior mesentery MFH

MFH of the mesentery is an extremely rare and highly
malignant neoplasm with early metastatic spread. There
are only a few reported cases of MFH of the superior
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Figure 3 A 54-year-old male with liver malignant fibrous histiocytoma. A:
Non-contrast computed tomography shows ill defined lesion of density 30 HU
in the left lobe with dilated intrahepatic biliary duct; B: Contrast scan portal vein
phase shows low enhancement compared to normal liver parenchyma and mul-
tiple areas of low attenuation.

mesentery. During a MEDLINE search we found only
14 reported cases in the English literature including ours.
On CT, MFH typically presents as a pootly marginated
or well circumsctibed soft tissue mass, with hypodense
areas due to necrosis”*. Eccentrically located lumpy
and ring-like calcifications due to osteoid and chon-
droid metaplasia have been reported on CT in 16% of
abdominal MFHs”. As in our patient, the mass was of
soft tissue density with central necrotic areas which were
morte evident on the contrast scan. CT-guided biopsy
was performed, and pathological findings revealed tissue
composed of fibroblastic and histiocytic elements with
matked inflammatory cell infiltrates. The area of low at-
tenuation corresponded to necrosis and cystic degenera-
tion (Figure 5). The diagnosis of mesenteric MFH must
be differentiated from gastrointestinal stromal tumors
which account for most primary mesenchymal tumors
of the gastrointestinal tract. Other differential diagnoses
include leiomyoma, leiomyosarcoma, fibrosarcoma, and

liposarcoma®™.

lleum MFH

Primary malignant mesenchymal tumors of the small
intestine are seldom found in clinical practice. The oc-
currence of MFH in the alimentary tract is less well
documented in the English literature. In our MEDLINE
search we could only yield 11 cases of primary ileum
MFH including ours"*" . Compared to MFHs in other
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Figure 4 A 34-year-old male with greater omentum malignant fibrous histiocytoma. A: Contrast-enhanced computed tomography scan sagittal view shows a
well demarcated cystic mass extending from the abdominal to the pelvic cavity, note the blood vessel on the surface (arrow); B: Immunohistochemistry shows positive
staining to vimentin (x 400).

Figure 5 A 64-year-old male with superior mesentery malignant fibrous histiocytoma. A: Non-contrast computed tomography scan shows mass (arrow) in the
peritoneal cavity of 33 HU with a clear margin and central area of hypodensity; B: Contrast-enhanced scan venous phase shows mild enhancement with more pro-
nounced central necrotic zone (arrow).

parts of the body, small intestinal MFHs are relatively intestinal carcinoma and other sarcomas such as pleo-
smaller in size. Patients mainly present with features morphic liposarcoma and rhabdomyosarcoma.

of obstruction such as abdominal pain, vomiting and

melena due to dynamic obstruction by mass or by intus- Retroperitoneal MFH

susception. By reviewing previous reports we found that ~ Retroperitoneal sarcomas represent between 10% to
the ileum is the preferred site compared with the duode- 15% of all soft tissue sarcomas in adults™". Previous
num and jejunum. The prognosis associated with ileum studies emphasize that most retroperitoneal MFHs ate
MFH is unclear, but most of the reports suggest that it is de novo. MFH is often referred to as the most usual type
poort. According to Kobayashi e al” | the 1-year survival of soft-tissue sarcoma. Fletcher ef a/” suggested that it
rate is 53.6% and 2-year survival rate is 42.9%. Primary may only represent a common morphologic appearance
MFH must also be distinguished from gastrointestinal shared by various soft-tissue sarcomas during their tu-
metastasis or invasions from other parts of the body. We moral progression””, The most frequent tumors encoun-
regarded the tumor in our patient to be a primary ileum tered in this location are liposarcoma, well-differentiated
lesion, rather than an extension of a mesenteric or retro- or dedifferentiated types, followed by leiomyosarcoma
peritoneal tumor, because of the exophytic nature of the and MIFFH. Dedifferentiated liposarcomas mainly occur in
lesion with intraluminal and intramural growth (Figure 6). the retroperitoneal space, and the most common pattern
Although this tumor was smaller than the average visceral of dedifferentiated areas consists of high grade pleomor-
MFH, CT showed dilatation of the small intestine caus- phic MFH or storiform fibroblastic MFH"™! A recent
ing incomplete obstruction with nodules in the pelvic study reported that a subgroup of MFH was associated
peritoneum which were later confirmed as metastases. with a specific genetic pattern similar to that of dediffer-
A correct diagnosis of MFH in the small intestine is dif- entiated hposarcomas , particularly when they are locat-
ficult before surgery, because it usually presents as a sub- ed in the retroperitoneum. In the retropentoneal space,
mucosal tumor. The diagnosis of ileum MFH depends MFH represents 7% to 30% of sarcomas™. In our case,
on an accurate differential diagnosis from primary small CT showed a mass in the right retroperitoneal space, a fat
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Figure 6 A 79-year-old male with ileum malignant fibrous histiocytoma, plain computed tomography scan abdomen. A, B: Axial (A) and coronal view (B) show
intraluminal and intramural soft tissue mass of density 34 HU in the ilio-cecal region (arrows) without significant areas of necrosis. Note the oral contrast stagnation in

the proximal loop of the small intestine and dilatation of the ascending colon.

Figure 7 A 59-year-old male with retroperitoneal psoas muscle malignant fibrous histiocytoma. A: Contrast-enhanced computed tomography scan arterial phase
shows mass in retroperitoneum with clear margin, no obvious enhancement of mass and area of low density corresponding to necrosis. Note that the fat plane between
the mass and psoas muscle is not evident, and the mass seems to be in direct contact with the right psoas muscle; B: Pathological specimen HE stain (x 400) shows

spindle to oval tumor cells arranged in a criss-cross fashion.

plane between the mass and the adjacent psoas muscle
was not visible. The mass was in direct relation to the
psoas muscle with an area of necrosis (Figure 7), and
contrast enhancement was mild. Pathological examina-
tion revealed the storiform-pleomorphic variety of MFH.
With respect to differential diagnosis, differentiation from
rhabdomayosarcoma, neurofibroma, lipomatous tumour,
leiyomayosarcoma, lymphoma and lymph node metasta-
sis may also be difficult. When imaging alone is not con-
clusive, CT-guided biopsy may be a better alternative due
to convenience in the retroperitoneal space.

Kidney MFH

Primary renal MFH is a rare tumor of kidney. To date,
there are only 54 reported cases of MFH arising from
kidney"™™. The other reported sites of MFH occurring in
the genitourinary system are the urinary bladder, prostate
and spermatic cord™ ", Kidney MFH is clinically and
radiologically indistinguishable from renal cell carcinoma.
Patients usually present with abdominal or flank pain,
generalized weakness and weight loss. An abdominal
mass and hematuria may be evident but are less common.
In contrast, these symptoms are seen in renal cell carci-
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noma and preoperative differentiation can be difficult®”,

However, selective renal arteriography usually reveals a
hypovascular tumor as compared to renal cell carcino-
ma™. Our case showed a soft tissue mass with a density
of 38 HU on the upper pole of the right kidney (Figure 8).
The mass appeared encapsulated with peripheral areas of
necrosis and mild enhancement on equilibrium phase.

MFH treatment and prognosis

MFH is an aggressive tumor, with a high local recurrence
rate and a significant metastasis rate'™”!. Distant metastasis
may spread zia blood (30%) and the lymphatic system
(12%). The risk of local recurrence and distant metastasis
correlates with the depth and size of the primary tu-
mot'. The liver is the most common site of sarcoma me-
tastasis, occurring in 64%-70% of patients[44]. Recurrence
of the tumor is not uncommon even when the resection
margins are tumor free'"), Most reports suggest that the
prognosis associated with abdominal MIFFH is poorer than
tumors in the extremities, due to late detection owing
to location. Weiss and Einzinger’s analysis of MFH"
showed that the 2-year survival rate with the storiform-
pleomorphic type of MFH is 60% and the rate of me-
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Figure 8 A 23-year-old male with right kidney malignant fibrous histiocy-
toma. Non-contrast computed tomography scan coronal view shows soft tissue
mass of 47 HU in the upper pole of the right kidney extending toward the renal
pelvis.

tastases is 42%. Tumor site, location, size, and histology
are not significant determinants of final outcome. For
metastasis and relapse, the major determinants are histol-
ogy (myxoid) and tumor size. Myxoid tumors have low
metastatic propensity (13%, 10-year metastatic rate) com-
pared to non-myxoid tumors (40%, 10-year metastatic
rate)'"!. Depending on the stage of disease and the depth
of invasion by the tumor, surgical resection is the treat-
ment of choice. Radiotherapy, chemotherapy, and im-
munotherapy are other therapeutic modalities. Long term
follow-up with regular chest X-rays and CT scans of the
abdomen to detect tumor recurrence, metastasis and any
lymph node involvement are mandatory™. Postoperative
recurrent leukocytosis and elevated CRP level may be
predictors for recurrence of inflammatory MFH!".,

In summary, we present a series of patients with
MFHs occurring as primary tumors in the abdominal
cavity. Although our study consisted of a small sample
size, our cases exhibited variable morphological findings
at CT. However, signs suggestive of malignancy such
as huge size, heterogeneous density, necrotic areas and
heterogeneous mild to moderate enhancement were pres-
ent. On plain CT, most lesions were hypointense and
showed areas of low attenuation corresponding to ne-
crosis. On contrast scan, solid components showed vari-
able enhancement, depending on tumor vascularity and
extent of necrosis. The intensity of enhancement may
be dependent on the amount of fibrosis. Unlike previous
findings, there was no evidence of calcification in our
cases. Inflammatory varieties were more vascular and had
a high metastatic propensity. Thus, we conclude that pri-
mary MEFH of the abdominal viscera and gastrointestinal
tract can be suggested as a diagnosis in a patient with a
huge soft tissue mass containing areas of low attenuation
and mild to moderate contrast enhancement.

COMMENTS

Background

Malignant fibrous histiocytoma (MFH) is a relatively rare tumor with very limited
data which mainly focus on treatment. Thus, the authors retrospectively re-
viewed the computed tomography (CT) appearance of pathologically diagnosed
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cases of abdominal MFH to investigate CT features, which may help in early
differentiation and the planning of necessary treatment modalities.
Research frontiers

Knowledge of the CT features of MFH is essential for correct identification and
accurate differentiation, which are necessary for effective treatment.

Innovations and breakthroughs

The CT characteristics of abdominal MFH were described. The authors believe
that CT which is readily available can better characterize the lesion and identify
local and distant metastasis.

Applications

As a starting point in the abdominal imaging work-up, CT always follows ultra-
sound. This is a very important imaging modality because of its availability and
depiction of the tumor mass, which is very important for planning treatment mo-
dalities and assessing prognosis. Contrast-enhanced scans should always be
added which better delineate tumor vascularity and malignant potential. Authors
hope that this illustration of the appearance of MFH helps radiologists and clini-
cians to achieve an appropriate imaging interpretation and clinical decision.
Peer review

This is not a scientific paper, but a pictorial essay. Abdominal MFH is rare dis-
ease and this pictorial essay is therefore important.
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Abstract

AIM: To validate a multimodal [structural and function-
al magnetic resonance (MR)] approach as coincidence
brain clusters are hypothesized to correlate with clinical
severity of auditory hallucinations.

METHODS: Twenty-two patients meeting Diagnostic
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and Statistical Manual of Mental Disorders (fourth edi-
tion, DSM-IV) criteria for schizophrenia and experienc-
ing persistent hallucinations together with 28 healthy
controls were evaluated with structural and functional
MR imaging with an auditory paradigm designed to
replicate those emotions related to the patients’ hallu-
cinatory experiences. Coincidence maps were obtained
by combining structural maps of gray matter reduction
with emotional functional increased activation. Abnor-
mal areas were correlated with the brief psychiatric
rating scale (BPRS) and the psychotic symptom rating
scale (PSYRATS) scales.

RESULTS: The coincidence analysis showed areas with
coexistence gray matter reductions and emotional acti-
vation in bilateral middle temporal and superior tempo-
ral gyri. Significant negative correlations between BPRS
and PSYRATS scales were observed. BPRS scores were
negatively correlated in the middle temporal gyrus
(right) (¢ = 6.86, £ = 0.001), while negative PSYRATS
correlation affected regions in both the superior tempo-
ral gyrus (left) (¢ = 7.85, £ = 0.001) and middle tempo-
ral gyrus (left) (¢ = 4.97, P = 0.002).

CONCLUSION: Our data identify left superior and mid-
dle temporal gyri as relevant areas for the understand-
ing of auditory hallucinations in schizophrenia. The use
of multimodal approaches, sharing structural and func-
tional information, may demonstrate areas specifically
linked to the severity of auditory hallucinations.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Schizophrenia is a heterogeneous illness with neurobio-
logical underpinnings that are not fully understood. Re-
cent neuroimaging techniques have helped to disentangle
brain mechanisms that may explain distinct aspects of
this deteriorating condition. Several neuroimaging modal-
ities may be combined to create multimodal approaches,
which will undoubtedly help to enhance our knowledge
clarifying the neurobiological basis of this illness.
Relevant data have been obtained from several mag-

netic resonance (MR) imaging unimodal studies using
structural (morphometric MR imaging, mMRI), function-
al (functional MR imaging, fMRI), diffusion-tensor imag-
ing and MR spectroscopy; mMRI and fMRI are currently
the most extensively used techniques in the field. Struc-
tural abnormalities in patients with schizophrenia have
repeatedly been demonstrated with the use of region of
interest approaches and with non-hypothetically-driven
techniques such as voxel-based morphometry (VBM)'"™.
In 15 evaluated studies, Honea ¢ a/"' found that gray mat-
ter reductions in the left medial and superior temporal
areas were the most frequently reported. However, this
has been confronted by a recent meta-analysis that failed
to demonstrate a crucial role for the superior temporal
gyrus in schizophrenia. Several neuropathological pro-
cesses may be merging in patients with schizophrenia
and those related to the pathogenesis of auditory hallu-
cinations may be overshadowed. In addition to technical
difficulties inherent to meta-analytic techniques, disease
heterogeneity may further obscure relevant findings for a
particular manifestation such as auditory hallucinations,
considering that some brain abnormalities may be pres-
ent only in a particular subgroup of patients. This has
been confirmed in a recent meta-analysis that has dem-
onstrated a relevant role for the superior temporal gyrus
and other fronto-temporal areas in the pathogenesis of
auditory hallucinations"”. However, although other brain
areas may be involved, functional studies and sound theo-
retical models suggest that the superior temporal gyrus is
a key area affecting auditory hallucinations'"”.
Multimodal approaches based on a combination of
techniques will help to improve our knowledge of this
illness. Only a few multimodal studies are currently avail-
able for patients with schizophrenia. Calhoun ez @/ used
a joint independent component analysis to analyze gray
matter and fMRI activation images. They found group
differences between schizophrenic patients and controls
in the bilateral parietal, frontal and posterior temporal
regions in gray matter associated with bilateral temporal
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regions activated by auditory oddball target stimuli. Bi-
lateral anterior temporal lobe regions were found to have
less gray matter in patients with schizophrenia and less
hemodynamic activity for target detection. Resting state
fMRI has several potential advantages over task-activation
fMRI in terms of its clinical applicability“zj. Lui e al"
used optimized VBM and resting state functional connec-
tivity analysis in a sample of 68 antipsychotic-naive first-
episode schizophrenia patients and 68 matched healthy
controls. They reported that clinical symptom severity
assessed by Global Assessment of Function and Positive
and Negative Syndrome Scale was associated with altera-
tions in gray matter reductions in the right superior tem-
poral gyrus, richt middle temporal gyrus and functional
temporal regions.

Functional studies designed to approach a specific
symptom or dimension together with VBM studies on a
highly homogeneous group of patients may be useful to
clarify the biological basis of a disease. Horn ez al'™ re-
ported overlapping gray matter deficits in the left posterior
supetior temporal gyrus and left angular gyrus when using
VBM and resting fMRI in 13 patients with schizophrenic
formal thought disorder. They also observed positive cor-
relations between the severity of formal thought disorder
and both functional alterations and gray matter deficits in
several brain regions.

One approach to validate a neuroimaging technique
based on the MR analysis of coincidence between gray
matter loss and emotional auditory functional activa-
"is to search for correlations between auditory hal-
lucinations severity and multivariate coinciding clusters in
specific brain areas.

The purpose of this study was to evaluate if MR
functional abnormalities associated with auditory emo-
tional stimuli coexist with focal brain reductions in
schizophrenic patients with persistent auditory hallucina-
tions. Our assumptions are focused on the functional seg-
regation of the brain, looking for areas specifically linked
to the pathogenesis of auditory hallucinations using a
block design paradigm. We hypothesized that there will
be a specific correlation with brief psychiatric rating scale
(BPRS) and psychotic symptom rating scale (PSYRATS)
scales between coinciding clusters in the supetior tempo-
ral gyrus and the severity of auditory hallucinations.

tion

MATERIALS AND METHODS

The study sample comprised 50 subjects. Twenty-two
patients exhibited DSM-IV (Diagnostic and Statistical
Manual of Mental Disorders, fourth edition) schizophre-
nia and persistent auditory hallucinations with a mean
age of 29.8 £ 11.7 years (range 22-34 years) and a mean
disease duration of 13.6 years. Twenty-eight control sub-
jects were also evaluated using the same protocol; the

mean age of the control group was 31.9 + 11 years (range
20-70 years). All patients and subjects were right-handed
and male to reduce confounding bias within the popu-
lation. Handedness was assessed with the Edinburgh
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Table 1 Clinical and demographic data (mean + SD)

Schizophrenia with Control
auditory hallucinations subjects
n = 22) (n = 28)
Age (yr) 29.78 +11.68 31.89 +11.01
Age first hallucinations (yr) 21.86 +12.21 -
Illness duration (yr) 13.55 £ 6.72 -
GAF 39.86 +10.34 -
BPRS 53.86 + 8.51 -
PSYRATS 33.91+15.21 -
PANSS total 73.36 +16.01 -
PANSS positive 19.86 £4.77 -
PANSS negative 18.23 £7.78 -
PANSS general 35.27 £8.39 -

GAF: Global assessment of function; BPRS: Brief psychiatric rating scale;
PSYRATS: Psychotic symptom rating scale; PANSS: Positive and negative
syndrome scale.

Questionnaire"”. None of the patients had problems of
hearing loss. Table 1 shows the most relevant clinical and
demographic variables.

All patients met the following selection criteria for
persistent hallucinations: (1) persistence of hallucinations
even after the use of two antipsychotic drugs at doses
equivalent to at least 600 mg/d of chlorpromazine within
the last year; (2) voices unmodified in any way by treat-
ment; and (3) voices present at least once per day within
the past year. Patients were assessed for general psycho-
pathology using the BPRS"" and for severity of auditory
hallucinations using the PSYRATS". At the end of the
trial, every subject was asked if they have experienced
hallucinations during the scanning;

The local ethics committee approved this study, and
all the participants gave written informed consents.

Data acquisition

MR images were acquired on a 1.5 T'MR magnet (Intera,
Philips Medical Systems, Best, Netherlands). fMRI im-
ages were obtained with a dynamic Echo Planar Imaging
T2* weighted sequence (TR = 2000 ms, TE = 50 ms,
5 mm slice thickness with no inter-slice gap, 24 slices;
acquisition matrix = 128 X 128, field of view = 220 mm
and flip angle = 65°, voxel size = 1.72 mm X 1.72 mm
X 5.0 mm). Additionally, a high spatial resolution 3D
spoiled gradient echo T1-weighted MR sequence was
employed to obtain an entire set of brain images with 96
axial slices covering the whole brain (TR = 7 ms, TE =
1.9 ms, 1.25 mm section thickness with no inter-slice gap;
acquisition matrix = 256 X 2506, field of view = 220 mm
and flip angle = 8°, achieving a voxel size of 0.86 mm X
0.86 mm X 1.25 mm).

Auditory paradigm

The auditory paradigm was previously defined by our
group“g]. So that the selection of the words with emo-
tional content was specific for psychosis, 82 patients with
schizophrenia according to DSM-IV criteria and who had
suffered auditory hallucinations according to their clinical
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record were selected. Patients were asked about the words
of their hallucinations which were recorded on a tape
recording machine. These recordings were transcribed
and the most frequently appearing words were analyzed.
A total of 13 emotional words were chosen and were dis-
tributed in four categories: 4 negative content imperative
words, 3 insults, 2 with imperative tone, 2 exclamations
related with emotions, and 2 having positive content. Ad-
ditionally, 13 words with neutral content were selected to
match the emotional ones according to their pleasantness
and the number of syllables.

Design

The fMRI design consists of 4 blocks with 20 s long
stimuli mixed with 4 blocks with 20 s of rest. The order
of both acquisitions (emotional and neutral) was random
to avoid introducing bias (adaptation, tiredness, satura-
tion surprise). Two sessions (neutral and emotional) were
presented to each subject. Each session consisted of 80
dynamics (2 s long each one) covering the entire brain,
assigning 10 dynamics to each block. The global dura-
tion of the sequence was 160 s. During the experiment,
4 blocks in rest and 4 during activation were alternately
studied. Subjects wore earphones adjusted to their heads
and connected by a pair of air tubes to an external audio
compact disc player. Both sessions were separated by no
less than 40 s.

Data processing

SPMS5 softwate (http://www.fil.ion.ucl.ac.uk/spm) was
used to process structural and functional data. The tests
were performed using MATLAB version 6.5 (The Math-
Works, Natick, MA, USA) under LINUX platform.

Structural analysis

Anatomical differences between patients and healthy sub-
jects were measured using the optimized VBM protocol.
Custom templates were created in order to minimize the
bias induced by using standard anatomical templates in the
normalization processes. This process involved the normal-
ization of each raw image with the International Consor-
tium for Brain Mapping 152 template as a reference, apply-
ing a 12-parameter affine transformation. The normalized
images were segmented to obtain gray matter, white matter
and cerebrospinal fluid maps, which were averaged and
smoothed with an 8 mm X 8 mm X 8 mm full width at half
maximum (FWHM) filter.

These templates were used for the normalization of
each original T1 MR image. Normalized data was then
segmented to obtain gray matter, white matter and cere-
brospinal fluid tissue maps. At this stage, the segmenta-
tion process involved a cleaning process, removing non-
useful tissue like scalp, skull and dural venous sinus. A
non-linear spatial normalization process between seg-
mented images and templates were estimated and applied
to warp the original T'1 images. Images were interpolated
to 1 mm X 1 mm X 1 mm voxels. Finally, warped images
were segmented and smoothed by a 12 mm X 12 mm X
12 mm FWHM Gaussian kernel.
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Table 2 Relevant areas showing gray matter density reduction in schizophrenic patients with auditory hallucinations when compared

with control subjects

Coordinates (mm) Label Hemisphere t value Peorrected Brodmann area
X Y z
-42 10 -11 Insula L 741 0.001 48
59 -33 50 Insula R 7.39 0.001 48
-54 -19 4 Superior temporal gyrus L 5.69 0.001 22
-5 42 14 Anterior cingulated gyrus L 5.36 0.001 B2,
66 -16 3 Superior temporal gyrus R 515 0.001 22
52 -48 36 Inferior parietal gyrus R 5.05 0.001 40
-61 -53 16 Middle temporal gyrus L 4.85 0.002 21
19 -3 -13 Amygdala R 4.75 0.002 34
60 -42 4 Middle temporal gyrus R 4.55 0.002 22
-20 1 -15 Amygdala L 4.45 0.003 34

P <0.005 false discovery rate corrected, k = 45.

Functional analysis

To process tMRI data, spatial (realignhment) and tempo-
ral (slice timing) corrections were applied to eliminate
head motion effects and to correct for the delay between
acquisition of the first and last slices. Images were then
transformed to standard space (MNI350, Montreal Neu-
rological Institute) and smoothed by a three-dimensional
6 mm X 6 mm X 6 mm FWHM kernel. In the individual
analysis, a design matrix was defined for each subject.
Both an ideal hemodynamic response function and the
mean value of each fMRI session were included in the
design matrix.

Contrast images of subtraction between emotional
and non-emotional content words (both against the rest
task) were then extracted for every schizophrenic and
control subject. These images were considered to be
maps of emotional activation associated with the audi-
tory stimulus. A two sample #test map was calculated
testing the differences in activation between both groups
of subjects and patients for the contrast of subtraction

referred before (Random Effects Analyses were applied).

Statistical analysis

Statistical analyses were performed under the General
Linear Model framework. Although the sample was quite
homogeneous, two covariates of interest for each subject
(age and total intracranial volume) were included in the
designed model. Statistical parametric maps were ob-
tained by performing Student-t tests voxel-by-voxel, using
SPM one-tailed contrasts in order to measure interactions
between groups (patients < controls and patients > con-
trols).

To perform the correlation analysis between PSYR-
ATS and BPRS scales with the affected areas, a new sta-
tistical model was built. Maps of coincidence, PSYRATS
and BPRS scores, total intracranial volume and age factor
were included in a General Linear Model design matrix.

Significance criteria were established by using a P <
0.005 and a correction for multiple comparisons follow-
ing the false discovery rate (FDR) methodology. Only
areas with a minimum expected number of voxels per
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cluster (#) of 45 were reported and labeled with the Au-
tomated Anatomical Labeling software. The coordinates
were defined by the maximum Student-t value in the cot-
responding brain areas.

Maps of coincidence

Both contrast images with gray matter reduction (gray
mattetpatenss < gray mattereonrols) and maps of emotional
hyperactivation in the schizophrenic patients (emotion-
alpatienss > emotionalcontrois) were overlaid in order to depict
the common abnormalities found out by both techniques.
The coincidence map was then voxel-by-voxel generated
multiplying the emotional functional images with the gray
matter concentration differences maps, so that the higher
the activation area and the higher the concentration dif-
ferences, the more highlighted that area would appear.
This procedure allowed determination of whether fMRI
activation areas associated with hearing emotional words
were coincident with focal brain gray matter reductions.

RESULTS

There were no significant differences in age between
both groups (# = 0.81, P = 0.85). Additionally, total intra-
cranial volume did not differ between schizophrenic pa-
tients (1266.8 + 68.4 mL) and control subjects (1195.3 *
64.2 mL) (= 1.33, P = 0.72). As expected, schizophrenic
patients with auditory hallucinations showed gray matter
density reductions when compared with control subjects.
The most relevant areas with significant gray matter re-
ductions were the insula (bilateral), the supetior temporal
gyrus (bilateral), anterior cingulate gyrus (left), inferior
parietal gyrus (right), middle temporal gyrus (bilateral)
and amygdala (bilateral) (Table 2, P < 0.005 FDR cot-
rected, £ = 45).

In fMRI experiments, significant areas of emotional
auditory activation were primarily found in schizophrenic
patients when comparing with control subjects in the
middle temporal gyrus (bilateral), supetior temporal gyrus
(bilateral), amygdala (bilateral), hippocampus (left) and pre-
cuneus (right) (Table 3, P < 0.005 FDR corrected, £ = 45).
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Table 3 Relevant areas of emotional activation in schizophrenic patients with auditory hallucinations

Coordinates (mm) Label Hemisphere t value Peorrected Brodmann area

X Y z
-53 4 -17 Middle temporal pole IL 15.53 0.000 21
54 -10 -12 Middle temporal gyrus R 14.68 0.000 22
-56 -23 -3 Superior temporal gyrus L 14.55 0.000 22
58 -7 -3 Superior temporal gyrus R 14.69 0.000 22
-22 -1 -17 Amygdala L 11.89 0.000 34
-21 -29 -3 Hippocampus L 10.65 0.000 27
50 -11 -9 Middle temporal gyrus R 9.88 0.001 22
1 -52 15 Precuneus R 9.71 0.001 30
21 -5 -17 Amygdala R 8.05 0.001 34

P <0.005 false discovery rate corrected, k = 45.

Table 4 Areas showing concordance between gray matter reductions and emotional activation in

schizophrenic patients with auditory hallucinations

Coordinates (mm) Label Hemisphere = Brodmann area
X Y z
-59 -53 4 Middle temporal gyrus IL 21
-53 -17 4 Superior temporal gyrus L 48
66 -20 3 Superior temporal gyrus R 22
62 -47 10 Middle temporal gyrus R 21

P <0.005 false discovery rate corrected, k = 45.

Table 5 Areas negatively correlated between brief psychiatric rating scale and the psychotic symptom rating scale in areas of

coincidence between gray matter reduction and emotional activation

Coordinates (mm) Label Hemisphere t value pcorrected Brodmann area
X Y Z
BPRS
61 -50 5 Middle temporal gyrus R 6.86 0.001 21
PSYRATS
-56 -15 7 Superior temporal gyrus L 7.85 0.001 48
-59 -52 15 Middle temporal gyrus L, 4.97 0.002 21

P <0.005 false discovery rate corrected, k = 45. BPRS: Brief psychiatric rating scale; PSYRATS: Psychotic symptom rating scale.

The coincidence analysis showed areas with concomi-
tant gray matter reductions and abnormal emotional acti-
vation in the middle temporal gyrus (bilateral) and supe-
rior temporal gyrus (bilateral) (Table 4) in schizophrenic
patients.

Values of the BPRS and PSYRATS scales evaluated
in the schizophrenic patients group were 53.86 * 8.51
and 33.91 £ 15.21, respectively. Significant negative cor-
relations between these scales were observed with the
coincidence areas (P < 0.005 FDR corrected, &£ = 45).
The BPRS variable was negatively correlated in the middle
temporal gyrus (right) (7 = 0.62, P = 0.001), while nega-
tive PSYRATS correlation affected regions in both the
supetior temporal gyrus (left) (= 0.68, P = 0.001) and
middle temporal gyrus (left) (* =051, P=0.002) (Table 5,
Figure 1). No linear correlation was found between BPRS
and PSYRATS covariates (R = 0.08).
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DISCUSSION

By means of coincidence parametric maps applied on
patients with schizophrenia, we have demonstrated the
presence of neuronal clusters located in the left superior
temporal and bilateral middle temporal gyri with both
functional abnormal activation after an emotional audi-
tory paradigm and gray matter reduction.

Auditory hallucinations bilaterally activate the superior
and middle temporal gyri. Bilateral middle temporal gyri
have been involved in emotion™
during the perception of external voices are also acti-
vated during auditory hallucinations with the additional
activation found in areas responsible for the processing

. Structures activated

of emotion. Data are consistent on a negative correla-
tion between the left superior temporal gyrus volumes
and auditory hallucinations”. This finding was expected
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Figure 1 Areas of negative correlation between brief psychiatric rating scale (yellow-red bar) and psychotic symptom rating scale (green-blue bar) scales
in areas of coincidence (gray matter reduction and abnormal emotional activation). P < 0.005 false discovery rate corrected, k = 45.

according to the emotional task that was used in the
experiment which was designed to elicit the emotional
response that patients with schizophrenia have when fac-
ing their auditory verbal hallucinations. It is a task aimed
to draw out the key areas involved in the pathogenesis of
auditory hallucinations and is therefore concordant with
many studies of functional auditory stimulation.

It is not surprising that the superior temporal gy-
rus and middle temporal gyrus are key elements of all
pathological models which have been proposed to ex-
plain auditory hallucinations. Most of the activity studies
have shown that auditory hallucinations are also associ-
ated to regional blood flow increases in the left superior
temporal gyrus and other fronto-temporal areas”. A
neurophysiological interaction among psychopathology
(auditory hallucinations), brain function (increased he-
modynamic) and structure (gray matter deficits) has been
previously hypothesizedm. It is generally accepted that
arcas of decreased perfusion parallel decreases in gray
matter concentration as occurs with age-related brain
reduction, which is probably associated with a decrease
in blood flow and metabolism in those areas. Neverthe-
less, our findings suggest the contrary effect, showing
that in schizophrenic patients an abnormal hyperactiva-
tion is found in specific areas of maximal neural density
decrement. These areas of coincidence where the same
voxels have hemodynamic functional changes associated
with the emotional auditory-triggered response and focal
decreased density may express a compensation phenom-
enon in which regions with decreased volume need a
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larger hemodynamic response to a well-defined paradigm.

An influential model for the pathogenesis of auditory
hallucinations in which the superior temporal and middle
temporal gyri are key areas has been postulated[m]. A
“top-down” network, presenting an altered activation in
speech production areas (i.c., inferior frontal gyrus) and
altered coupling with monitoring areas (anterior cingu-
late) and language reception arcas (Wernicke’s area) was
suggested. There would also be a “bottom-up” dysfunc-
tion through over-activation of secondary and occasion-
ally primary sensory cortices that lead to the experience
of vivid perceptions in the absence of sensory stimuli.

The neurobiological basis for temporal gyrus volume
reduction is unknown. Abnormal brain maturation pro-
cesses influenced by multiple genes interact with other
potentially causative factors for psychoses such as sub-
stance abuse, stress and dysregulation of the hypothalam-
ic-pituitary-adrenal axis function. Other factors may also
interfere including poor diet and exercise, smoking, psy-
chosocial and socioeconomic influences, and associated
physical comorbidity as well as neuroleptics and other
medications"".

Structural and functional abnormalities in the superior
temporal and middle temporal gyrus may also be relevant
in the pathogenesis of schizophrenia. Several findings
support the idea that decreasing supetior temporal gyrus
volume is a potential endophenotype for schizophrenia-
spectrum disorders. Firstly, an MR imaging study in 29
young, non-psychotic subjects with a schizophrenic par-
ent had reported bilateral superior temporal gyrus volume
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reduction compared to controls with no psychiatric fam-
ily history[zzl. Secondly, reduced superior temporal gyrus
volume has been consistently reported in patients with
schizotypal personality disorder™. The supetior temporal
gyrus is also particulatly affected during the first years of
illness through progressive gray matter reductions. This is
the case even during the prodromal phase and probably
has clinical implicationsm].

The study presented here contains several limitations.
Our relatively small sample size may have hampered the
ability to detect significant correlations in other poten-
tially relevant areas, although it has been reported that
a sample of 20 or more subjects is sufficient to obtain
reliable functional neuroimaging data®™. The results ob-
tained from a high homogeneous sample (only schizo-
phrenic patients with persistent auditory hallucinations
were included) cannot be generalized to all patients with
schizophrenia. We assessed our multimodal approach to
be a strategy for determining brain areas that should be
further assessed to study the neurobiological basis of one
particular symptom or aspect of a disorder. Additionally,
hallucinatory experiences during fMRI scanning were an-
swered subjectively according to the patients’ perception,
with the subsequent lack of certainty derived from this
qualitative approach. Finally, all our study patients were
medicated with a wide range of first- and second-genera-
tion antipsychotics. Our findings can hardly be attributed
to medication. In fact, a recent study in antipsychotic-
naive first-episode schizophrenia with [(18)F] fluoro-
deoxyglucose (FDG) positron emission tomography has
shown that patients experiencing auditory hallucinations
during FDG uptake had significantly higher metabolic
rates in the left superior and middle temporal cortices,
and other brain areas”™. Moreover, a neuroleptic-naive
sample would have been out of the scope of this study,
as we have chosen to include a highly homogeneous
sample of patients based on their refractory behavior to
antipsychotic medications.

In conclusion, we identified the left superior and
middle temporal gyri as relevant areas in patients with
auditory hallucinations. Our findings provide support
for the use of multimodal structural and functional MR
approaches in the search for areas specifically linked to
the pathogenesis of auditory hallucinations. This core
approach appears to be a good strategy for studying the
neurobiological basis of clinical dimensions which may
be particularly indicated at this stage. Similar multimodal
approaches could also be used for studying other features
as long as specific paradigms for the functional study of
such symptoms are provided.

COMMENTS

Background

Schizophrenia affects up to 1% of the population. Understanding the neural
substrates of this heterogeneous disorder involves a precise study of the brain,
in terms of anatomy and function.

Research frontiers

To study the specific schizophrenia phenotypes is one of the most significant is-
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sues in psychiatry. The use of a multimodal (structural and functional) approach
will help to develop new phenomenological models of anatomical and functional
abnormalities in schizophrenic patients suffering from auditory hallucinations.

Innovations and breakthroughs

Several studies have reported both structural and functional alterations when
evaluating patients with schizophrenia. Nevertheless, the clinical heterogeneity
of the samples is associated with large variability in the results. This is the first
study that uses a multimodal methodology to evaluate areas where functional
and structural alterations coexist in a high specific sample of patients with
schizophrenia and auditory hallucinations.

Applications

The use of the proposed methodology will be useful to obtain concordance
maps showing areas with functional abnormalities and focal brain reductions in
psychiatric and neurodegenerative diseases.

Terminology

Semiautomatic morphometric methods are used to detect subtle differences in
terms of gray and white matter between groups. The functional evaluation of
a patient can detect activated areas that strongly correlate with the stimulation
paradigm.

Peer review

The authors present a validation study of a multimodal methodology (structural
and functional MR) through the identification of key areas for the biological
underpinnings of auditory hallucinations. The importance of this research is
the potentiality of this approach to identify key areas for particular phenotypes.
The authors combine this multimodal technique with an extreme phenotype
approach, which is fairly innovative in psychiatry. The paper is well-written and
readable with no ethical objections. The different sections are clearly differenti-
ated.
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Abstract

AIM: To evaluate abdominal and pelvic image char-
acteristics and artifacts on virtual nonenhanced (VNE)
images generated from contrast-enhanced dual-energy
multidetector computed tomography (MDCT) studies.

METHODS: Hadassah-Hebrew University Medical In-
stitutional Review Board approval was obtained; 22 pa-
tients underwent clinically-indicated abdominal and pel-
vic single-source dual-energy MDCT (Philips Healthcare,
Cleveland, OH, USA), pre- and post-IV administration
of Omnipaque 300 contrast (100 cc). Various solid and
vascular structures were evaluated. VNE images were
generated from the portal contrast-enhanced phase
using probabilistic separation. Contrast-enhanced-,
regular nonenhanced (RNE)-, and VNE images were
evaluated with a total of 1494 density measurements.
The ratio of iodine contrast deletion was calculated.
Visualization of calcifications, urinary tract stones, and
image artifacts in VNE images were assessed.
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RESULTS: VNE images were successfully generated
in all patients. Significant portal-phase iodine contrast
deletion was seen in the kidney (61.7%), adrenal
gland (55.3%), iliac artery (55.0%), aorta (51.6%),
and spleen (34.5%). Contrast deletion was also signifi-
cant in the right atrium (RA) (51.5%) and portal vein
(39.3%), but insignificant in the iliac vein and inferior
vena cava (IVC). Average post contrast-to-VNE HU dif-
ferences were significant (P < 0.05) in the: RA -135.3
(SD 121.8), aorta -114.1 (SD 48.5), iliac artery -104.6
(SD 53.7), kidney -30.3 (SD 34.9), spleen -9.2 (SD
8.8), and portal vein -7.7 (SD 13.2). Average VNE-to-
RNE HU differences were significant in all organs but
the prostate and subcutaneous fat: aorta 38.0 (SD
9.3), RA 37.8 (SD 16.1), portal vein 21.8 (SD 12.0),
IVC 12.2 (SD 11.6), muscle 3.3 (SD 4.9), liver 5.7 (SD
6.4), spleen 22.3 (SD 9.8), kidney 40.5 (SD 6.8), and
adrenal 20.7 (SD 13.5). On VNE images, 196/213 calci-
fications (92%) and 5/6 renal stones (84%) were visu-
alized. Lytic-like artifacts in the vertebral bodies were
seen in all studies.

CONCLUSION: Iodine deletion in VNE images is most
significant in arteries, and less significant in solid or-
gans and veins. Most vascular and intra-abdominal or-
gan calcifications are preserved.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

The past years have been characterized by tremendous
progress in computed tomography (CT) technology. With
the introduction of multidetector (MD) scanners that
produce very high quality images, CT use has increased
markedly. Recently, MDCT and dual-energy imaging
capabilities were combined. Dual-energy techniques are
designed to capture information from varying responses
of materials with a range of Compton and photoelectric
effects to X-rays at different energiesm.

Dual-energy acquisition enables reconstruction of
virtual nonenhanced (VNE) images, wherein the iodine
content of contrast-enhanced CT images is subtracted
using image post-processing techniquesm. VNE images
have been shown to be useful in various clinical set-
tings, ranging from the detection of masses and stones
to evaluation of vascular disease”™. The virtual deletion
of iodine is appealing, as it may obviate the need for the
nonenhanced imaging phase in multiphase studies; thus,
VNE has the potential to significantly reduce X-ray ex-
posure for patients and shorten CT study times'”.

To the best of our knowledge, a comparative evalua-
tion of VNE at the various abdominal and pelvic organs
has never been carried out. We aimed to systematically
evaluate VNE images generated from a dual-energy
multi-detector CT using probabilistic separation and a
VNE algorithm, and to assess iodine contrast deletion,
depiction of calcifications, and extent of image artifacts
in abdominal and pelvic scans.

MATERIALS AND METHODS

Authors who are not employees of Philips Healthcare (JS,
SM, GA, AB) had continuous control of all information
and research data in this study, with ]S acting as the guar-
antor of integrity for the entire study.

The dual-energy CT system

The study was performed on a prototype single-source
dual-energy MDCT available for research purposes (Phil-
ips Healthcare, Cleveland, OH, USA). The scanner tube
was conventional, without modulation capabilities. Dual-
energy was based on dual detector capability, with the
upper layer primarily absorbing the lower X-ray energy
spectrum, and the lower detector layer absorbing the
remainder of the spectrum, mainly in the higher energy
rangem. Each layer has 32 detector rows and a 50 cm
full field-of-view. Data from each layer, corresponding
to lower- and higher energies, are independently recon-
structed. In addition, a combined standard CT image is
reconstructed from weighted raw signals of the two layers.
As the evaluated scanner is based on a single-source dual-
energy layer, a single kVp is provided, with separation of
the low- and high-energy images at the detector level.

Study population

Hadassah-Hebrew University Medical Institutional Re-

(49

T
Jaishideng®

WJR | www.wjgnet.com

168

view Board approval was obtained. All participants had
clinical indications for abdominal and pelvic CT, and
signed an informed consent. The consent form included
information on the research scanner and a statement that
radiological interpretation would be based solely on the
conventional averaged CT image. Twenty-two consecu-
tive patients referred for clinically indicated CT studies
were included in the study, including eight women and 14
men ranging in age from 38-71 years (mean 60 years, SD
10 years). CT studies were performed using collimation
of 32 X 0.625 mm, FOV of 50 cm, slice thickness and
increment of 1-3 mm, 140 kVp, 250-300 mAs, and kernel
B. Air calibration was performed before each scan.

All patients were scanned before and after intrave-
nous administration of 100 cc of iohexol (Omnipaque
300, Amersham Health, Princeton NJ, USA), injected at
a rate of 3-4 cc/s using a mechanical injector (Medrad,
Warrendale, PA, USA). Scans were performed within 60 s
from initiation of injection.

Solid organs evaluated were subcutaneous fat, erecter
spinae muscle, spleen, liver, adrenal gland, kidney, and
prostate. Vascular structures evaluated were the right
atrium (RA), aorta, inferior vena cava (IVC), portal vein,
common iliac artery and vein, external iliac artery and
vein, and common femoral artery and vein.

VNE generation technique

The analysis consisted of two steps™: (1) estimation of
material response vectors; and (2) iodine-calcium separa-
tion. The first step was accomplished using an automatic
algorithm that estimated the material response vectors of
iodine, calcium, and soft tissue on the dual-energy map.
This algorithm was applied for each slice in the study to
eliminate beam-hardening effects that may impact on the
orientation of material response vectors. The algorithm
presented the distribution of voxel distance from mate-
rial response vectors in the energy map as a probability
model to estimate combinations of iodine, calcium, and
soft tissue voxels.

The second step was implemented using a separation
algorithm to estimate the probability for each voxel to be
either iodine or calcium. The algorithm incorporated the
estimated response vectors to approximate prior prob-
abilities that iodine or calcium were depicted in each re-
gion of the volume.

Systematic image analysis

CT scans were loaded on a Kodak PACS viewing station
(Carestream Health, Rochester NY, USA). Contrast en-
hanced-, regular nonenhanced (RNE)-, and VNE images
were evaluated separately using the combined weighted
CT for the RNE and contrast enhanced studies. Multiple
attenuation measurements were performed on various
organs. Measurements wete performed by a research fel-
low with 12 mo experience in dual-energy CT (SM) using
regions-of-interest (ROI) that were identical in size and
location on all VNE and RNE images. ROl measure-
ments of organs were obtained with care to avoid calcifi-
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cations and vessels within the organs, as well as obvious
masses. ROI size varied from 0.7 to 2.5 cm’. Standard
deviations were calculated for each measurement. A total
of 1494 density measurements were performed, includ-
ing 22 measurements in each female patient, and 23 for
each male patient, including the prostate.

Densities were measured in the RA and in a number
of vessels, including the aorta, IVC, main portal vein,
right common iliac and right external iliac artery and
vein, and right common femoral artery and vein. Multiple
intra-abdominal organ densities were measured, includ-
ing the right hepatic lobe (at the level of the right portal
vein), left hepatic lobe (at the level of the left portal vein),
spleen (at the level of the splenic hilum), prostate, left ad-
renal, right kidney (cortex, at a subcapsular location), left
erector spinae muscle, and right posterior subcutaneous
fat.

Evaluation of virtual contrast deletion: To determine
the difference in attenuation between VNE- and post con-
trast images, we subtracted attenuation values measured
on VNE images from values on images showing contrast
enhancement. To determine the difference in attenuation
between VNE- and RNE images, we subtracted attenu-
ation values measured on VNE images from values on
the RNE images. We calculated the average difference for
each measured area. The ratio of these two subtractions
was then calculated to generate the percentage of contrast
deletion, defined as (contrast-VNE)/(contrast-NE).

Calcifications and urinary stones: The presence of
organ calcifications and urinary stones was evaluated in
consensus by two experienced abdominal radiologists (AB
and JS) with 14 and 12 years of experience, respectively.
Each organ calcification identified in an RNE image was
evaluated on the VNE images as still visible or complete-
ly deleted in comparison to the RNE study. Since there
is no accurate system enabling precise evaluation of the
change in aortic calcifications on VNC images, we evalu-
ated these calcifications subjectively. The most heavily
calcified 5 cm section of each vessel was chosen. Calcifi-
cations seen on RNE and VNE images were measured,
including calcifications in arterial walls, as well as intralu-
minal densities of arteries and veins. Urinary stones were
assessed separately.

Artifacts: The presence and nature of artifacts on VNE
images were evaluated to identify focal changes in VNE
image quality that were not seen on the RNE image and
that were not anatomical or pathological.

Statistical analysis

Descriptive statistics were used where appropriate. The
sign test was used to compare the differences in attenu-
ation between contrast enhanced-, RNE-, and VNE im-
ages to test the hypothesis that there is no difference be-
tween RNE and VNE in a situation when paired samples
could be drawn. All analyses were performed with SAS
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Table 1 Subtraction of the average HU measurements of

organs evaluated: Enhanced computed tomography minus
virtual nonenhanced images

Organ mean + SD P value Percent
deletion
Adrenal gland 1.8+6.9 <0.0001 551
Kidney 30.279 +34.91 <0.0001 61.7
Spleen 9.202 +8.79 <0.0001 345
Liver 3.619 £9.21 0.490 10.2
Subcutaneous fat 0.330 +2.52 0.8318 23
Prostate -0.183 £1.63 1.0000 13.3
Erector spinae muscle -0.403 + 2.64 0.5235 7.7
Right atrium 135.4 £16.0 <0.0001 515
Portal vein 76+23 0.0015 39.3
Inferior vena cava 1.7+2.0 0.5235 26.6
Aorta 1141+1.2 < 0.0001 51.6
Iliac vein 3.616 +3.04 0.0625 25.3
Iliac artery 104.64 + 53.66 <0.0001 55.0

statistical analysis software (version 9.1, SAS Institute,
Cary NC, USA). P < 0.05 was considered significant.

RESULTS

Contrast deletion
VNE images were generated successfully in all 22 pa-
tients, using probabilistic separation. Evaluation of the
RA and multiple intra-abdominal organ and vascular
densities showed that contrast deletion was indeed sub-
stantial (Table 1). Contrast material deletion was signifi-
cant at 51.6% and 55.0% in the aorta and iliac artery, re-
spectively. Among the veins, only the portal vein showed
statistically significant deletion, at 39.3%; deletions at
the IVC and iliac vein were both insignificant at around
25%, however, the RA showed significant deletion at
51.5%. Intra-abdominal organs demonstrating significant
contrast deletion were spleen (34.5%), adrenal (55.3%)
and the kidney at the portal phase (61.7%) (Figure 1).
Deletion in the prostate was about 13% and insignificant.
Deletion was heterogeneous and insignificant in the liver,
averaging about 10% overall. Subcutaneous tissues and
muscles showed the least contrast enhancement, as well
as the lowest degree of contrast deletion.

The differences in density between RNE and VNE
are shown in Table 2. These differences were statistically

significant for all organs but the iliac vein, prostate, erec-
tor spinaec muscle, and subcutancous fat. Among solid
intra-abdominal organs, the mean differences ranged
between 20-40 HU for the kidney, adrenal and spleen (P
< 0.001) and did not exceed 6 HU for the liver (P < 0.01).
For vessels, deletion ranged from 8.3 HU for the iliac
vein (P = 0.02) to about 38 HU for the RA, aorta and
iliac artery (P < 0.0001).

Organ and vascular calcifications

Evaluation of the arteries on RNE studies revealed 213
calcifications, of which 196 (92%) were visualized on the
VNE images (Figure 2). There were six renal stones rang-
ing in size from 1-8 mm. Only one renal stone, 2 mm in
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Figure 1 A 52-year-old female with the kidney contrast deletion. A, B:
The regular nonenhanced (A) and contrast-enhanced (B) images demonstrate
kidneys with normal appearance; C: Virtual nonenhanced shows substantial
deletion of contrast from the kidney parenchyma.

Table 2 Average HU differences in densities of organs

evaluated on virtual nonenhanced minus regular nonenhanced
images

Organ mean + SD P value
Adrenal gland 20.7 £13.5 < 0.0001
Kidney 40.5+6.8 <0.0001
Spleen 223+98 <0.0001
Liver 58+6.9 0.0072
Subcutaneous fat -0.3+4.54 1.0000
Prostate 43+6.6 0.5000
Erector spinae muscle 33+49 0.0169
Right atrium 37.8+16.1 <0.0001
Portal vein 21.8+12.0 0.0002
Inferior vena cava 122+11.6 < 0.0001
Aorta 38.0+£9.3 <0.0001
Iliac vein 83+79 0.0225
Iliac artery 38.4+15.0 <0.0001
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Figure 2 A 60-year-old male with an abdominal aortic aneurysm. A: Regu-
lar nonenhanced image demonstrates a curved calcification in the posterior
border of the aneurysm with some smaller calcifications in the anterior border; B:
The contrast enhanced image shows opacification of the lumen; C: Virtual non-
enhanced shows preserved posterior calcifications with deletion of the smaller
anterior calcifications.

diameter, was deleted on VNE images; other stones were
visible and only partially deleted (Figure 3).

Artifacts

Artifacts were seen in all VNE studies. In the vertebral
bodies, they were seen as lytic-like lesions. These were
easily identified as artifacts and were not expected to
cause the VNE studies to be non-diagnostic (Figure 4).

DISCUSSION

Before the use of VNE imaging becomes widespread, a
systematic comparative evaluation of the characteristics

of iodine deletion and artifacts at various abdominal or-
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Figure 3 Regular nonenhanced image (A) demonstrates two stones in the right kidney of a 64-year-old male. B: In the contrast-enhanced image, contrast
excretion into the collecting system is inhibited by the stones, which are obscured; C: In the virtual nonenhanced image, the posterior stone is maintained while the

anterior stone is deleted.

Figure 4 Virtual nonenhanced image of this 58-year-old female shows a
lytic-like artifact in the vertebral body. The “lesion” was easily identified as
an artifact.

gans is important to assess the clinical potential of these
studies for specific applications. Our study demonstrates
the technical feasibility and imaging characteristics of
VNE images. In this series, iodine deletion reached as
high as 50%-60% in arterial vessels, RA, adrenal and kid-
ney. It was less pronounced in veins and in the remaining
abdominal organs. The majority of vascular calcifications
and renal stones were preserved. Specific, easily recog-
nized artifacts could be attributed to this technique.

The importance of noncontrast imaging as a part
of CT protocols has been shown previouslym. At CT
angiography, a noncontrast study is usually obtained first
to identify high attenuation in the aortic wall, which is
consistent with intramural hematoma and may indicate
eatly or impending rupture. Noncontrast images are also
useful in evaluating and defining high attenuating struc-
tures such as calcium or metal that may be confused with
enhancement on post-contrast images, for example in pa-
tients evaluated after abdominal aortic aneurysm repair.

Noncontrast images of the liver are used to demon-
strate calcifications and fibrosis, and to provide important
information in the characterization of hepatic masses'”.
In the kidneys, noncontrast images are used to detect the
presence of calcifications and their degree of enhance-
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ment). Imaging and characterization of adrenal masses
also currently relies on noncontrast image acquisitionm.
Multiphasic imaging of the liver, pancreas, kidney and
thorax has therefore become standard practice!”.

Recently, it has been shown that dual-energy dual-
source CT scans performed during the delayed phase,
with reconstruction of VNE images, enables detection of
endoleaks after endovascular abdominal aortic aneurysm
repair with high accuracy and a considerably lower patient
radiation dose"""?. Chow ez a/'" have shown that 94%
of VNE images are diagnostic; similarly, in our study,
all images were diagnostic. The Sommer group reported
at least minimal subtraction of calcifications in 70% of
their VNE images' "', whereas we found only 8% subtrac-
tion. This difference might be attributed to differences in
the dual-energy algorithms used for iodine deletion from
the CT images.

VNE imaging has already been used in the charac-
terization of pulmonary nodules. Chae ez a/"” reported
detection of 85.0% of calcifications (17 of 20) in soli-
tary pulmonary nodules and 97.8% of calcifications (44
of 45) in the lymph nodes on VNE images, although
apparent size was smaller on VNE- compared with non-
enhanced weighted average images. These results are in
accordance with our findings in relation to the preserva-
tion of calcifications.

Dual-energy contrast-enhanced CT acquisition with
VNE reformation has shown sensitivity, specificity, and
positive- and negative predictive values of 83%, 100%,
100%, and 88%, respectively, for the detection of urinary
stone disease! . In our study, most urinary stones were
also preserved. This may be beneficial in CT urography
studies, since it may enable stone detection with omission
of the nonenhanced phase.

Graser ¢f al™ have shown the reliability of VNE im-
aging for assessment of renal masses with similar density
on VNE and RNE images. In our study, however, there
were differences in density on VNE and RNE images
of the kidney. This may be attributable to differences
in timing of contrast injection, and the use of different
dual-energy scanning techniques; Graser ez al™ used a
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dual-source, while we used a dual-detector scanner in
our study. On the other hand, differences in liver density
on VNE and RNE images were minimal in our study;
thus VNE may be performed in the future to avoid the
need for a nonenhanced phase in multi-phasic liver stud-
ies. Zhang et al'” showed that artetial- and portovenous-
phase-derived VNE images can detect 91% and 81% of
focal liver lesions, respectively.

The ability of DECT-derived VNE images to depict
urinary stones in an iodine solution was tested in a phan-
tom model"”. Stone visibility rates varied with changes
in iodine concentration and kVp. The study showed that
VNE is capable of depicting urinary stones in iodine
solutions of a diverse range of concentrations in a phan-
tom study. With regard to urinary stones, our 7 vivo study
supports the findings obtained in a phantom model from
this eatlier study.

Since contrast deletion occurred mainly from arteries
in our study, it would seem more logical to perform VNE
algorithms at the arterial phase rather than the venous
phase, when there is also less iodine in the parenchyma.
Compared to the portal venous phase, the hepatic arterial
phase of dual-energy VNE was shown to provide bet-
ter image quality and may be more diagnostic“b’lg]. The
reason for the improved contrast deletion from arteries
is probably related to the higher iodine concentration
within vessels with higher HU values, and more specifi-
cally within the pixels with iodine content. Further phan-
tom and clinical studies are needed to assess differences
in VNE images derived from the arterial and venous
phases, as well as variation due to differences in deletion
algorithms.

VNE has the potential to significantly decrease pa-
tient exposure to ionizing radiation, an issue of increas-
ing concern. The National Council on Radiation Protec-
tion and Measurements estimates that the annual medical
radiation dose in the general population has increased by
a factor of nearly six since the eatly 1980s"*". The num-
ber of CT scans petformed in the US increased from
18.3 million in 1993 to 67 million in 2006, Tt is esti-
mated that CT scans constituted only 17% of all medical
radiation procedures, but contributed about 49% of the
collective dose in 2006

In the past decade, both the clinical utility and the
availability of CT have increased significantly, resulting in
a dramatic increase in CT utilization". It is thus impor-
tant that patient radiation exposure is carefully consid-
ered, particulatly in the case of multiphasic, repeated, or
multiple examinations” . Further study of the clinical
role for VNE reformation would thus appear to be a
high priority. Depending on the setting in which it is im-
plicated, VNE has the potential to reduce radiation dose
by as much as 60% in a single study”,

There are some limitations to out study. The popula-
tion was relatively small. We have also evaluated only one
type of dual-energy scanner. Other techniques for dual-
energy CT imaging may yield different levels of iodine
contrast deletion; acquisition techniques and reformation
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algorithms are unique for each commercially available
system. It should also be noted that our RNE images
were weighted averages of dual-energy datasets, derived
from DECT technology with the unique capability for
simultaneous dual- and single-energy image construc-
tion following a single scan. In theory, our RNE images
should represent true single-scan data, however, it is
possible that comparison of our VNE images to RNE
images acquired at conventional MDCT might yield dif-
ferent results than those described here.

In conclusion, VNE images can be obtained with dual
energy CT, with iodine mainly deleted from arteries and
solid organs rich in blood supply such as the kidneys, ad-
renal gland, and spleen. A lesser degree of iodine deletion
is seen in other abdominal solid organs such as the liver,
as well as in the veins. Most vascular and intra-abdominal
organ calcifications are preserved. VNE technology may
potentially obviate the need for RNE image acquisition
when multi-phase studies are needed, thereby reducing
the overall radiation burden, but this must be investigated
turther in abdominal organs.
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Background

Dual-energy acquisition enables reconstruction of virtual nonenhanced (VNE)
images, wherein the iodine content of contrast-enhanced computed tomogra-
phy (CT) images is subtracted using image post-processing techniques. VNE
images have been shown to be useful in various clinical settings, ranging from
detection of masses and stones to evaluation of vascular disease. The virtual
deletion of iodine is appealing, as it may obviate the need for the nonenhanced
imaging phase in multiphase studies; thus, VNE has the potential to significantly
reduce X-ray exposure for patients and shorten CT study times.

Research frontiers

The paper aimed to systematically evaluate VNE images generated from a
dual-energy multidetector CT (MDCT) using probabilistic separation and a VNE
algorithm, and to assess iodine contrast deletion, depiction of calcifications, and
extent of image artifacts in abdominal and pelvic scans.

Innovations and breakthroughs

The study demonstrates the technical feasibility and imaging characteristics of
VNE images. In this series, iodine deletion reached as high as 50%-60% in ar-
terial vessels, right atrium, adrenal and kidney. It was less pronounced in veins
and in the remaining abdominal organs. The majority of vascular calcifications
and renal stones were preserved. Specific artifacts could be attributed to this
technique, and these were easily recognized as such. All images were diagnos-
tic, with only 8% of calcifications being subtracted. In previous series, findings
in renal parenchyma showed similar density on VNE and regular nonenhanced
(RNE) images. In the study, however, there were differences in density on VNE
and RNE images of the kidney. This may be attributable to differences in timing
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of contrast injection, and the use of different dual-energy scanning techniques.
On the other hand, differences in liver density on VNE and RNE images were
minimal in the study; thus VNE may be performed in the future to avoid the
need for a nonenhanced phase in multi-phasic liver studies. Since contrast
deletion occurred mainly from arteries in our study, it would seem more logical
to perform VNE algorithms at the arterial phase rather than the venous phase,
when there is also less iodine in the parenchyma. Compared to the portal ve-
nous phase, the hepatic arterial phase of dual-energy VNE has been previously
shown to provide better image quality and may be more diagnostic.

Applications

VNE images can be obtained with dual-energy CT, with iodine mainly deleted
from arteries and solid organs rich in blood supply such as the kidney, adrenal
gland, and spleen. A lesser degree of iodine deletion is seen in other abdominal
solid organs such as the liver, as well as in the veins. Most vascular and intra-
abdominal organ calcifications are preserved. VNE technology may potentially
obviate the need for RNE image acquisition in abdominal imaging when multi-
phase studies are needed, thereby reducing the overall radiation burden.
Terminology

Dual-energy CT: An emerging CT imaging technique in which two datasets are
obtained at a single scan, corresponding to two distinct energy spectra; these
distinct datasets are then analyzed to reveal material-specific information. VNE
image: An image derived from postprocessing of data acquired at dual-energy
CT, in which iodinated contrast material is digitally deleted from the original
contrast-enhanced image.

Peer review

This study represents an important step in the advancement of dual-energy
CT in general and VNE imaging in particular. While other VNE studies have
focused on specific organs or disease entities, this study provides the first
comprehensive demonstration of the clinical feasibility and utility of VNE imag-
ing within the abdomen as a whole. The results presented here support the
advancement of this unique imaging technique in abdominal imaging, whereby
radiation exposure to patients can be dramatically reduced. Further studies
should compare the performances of the various dual-energy data acquisition
systems and VNE algorithms in the abdomen.
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Abstract

AIM: To assess whether acoustic radiation force im-
pulse (ARFI) elastography can differentiate normal from
pathological thyroid parenchyma.

METHODS: We evaluated 136 subjects (mean age
45.8 £ 15.6 years, 106 women and 30 men): 44 (32.3%)
without thyroid pathology, 48 (35.3%) with Basedow-
Graves’ disease (GD), 37 (27.2%) with chronic autoim-
mune thyroiditis (CAT; diagnosed by specific tests), 4
(2.9%) with diffuse thyroid goiter and 3 (2.2%) cases
with thyroid pathology induced by amiodarone. In all
patients, 10 elastographic measurements were made
in the right thyroid lobe and 10 in the left thyroid lobe,
using a 1-4.5 MHZ convex probe and a 4-9 MHz linear
probe, respectively. Median values were calculated for
thyroid stiffness and expressed in meters/second (m/s).

RESULTS: Thyroid stiffness (TS) assessed by means
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of ARFI in healthy subjects (2 = 0.40 m/s) was signifi-
cantly lower than in GD (2.67 + 0.53 m/s) (P < 0.0001)
and CAT patients (2.43 = 0.58 m/s) (P = 0.0002), but
the differences were not significant between GD vs CAT
patients (P = 0.053). The optimal cut-off value for the
prediction of diffuse thyroid pathology was 2.36 m/s.
For this cut-off value, TS had 62.5% sensitivity, 79.5%
specificity, 87.6% predictive positive value, 55.5%
negative predictive value and 72.7% accuracy for the
presence of diffuse thyroid gland pathology (AUROC =
0.804). There were no significant differences between
the TS values obtained with linear vs convex probes
and when 5 vs 10 measurements were taken in each
lobe (median values).

CONCLUSION: ARFI seems to be a useful method for
the assessment of diffuse thyroid gland pathology.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Clinical evaluation through thyroid palpation is the clas-
sical method for assessing this superficial gland. In the
last years, elastography has been developed as a new
dynamic technique that uses ultrasound waves for the
evaluation of tissue stiffness. The principle of ultrasound
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elastography is that compression of the examined tissue
induces less strain in hard tissues than in soft ones. The
ultrasound probe manually or automatically produces an
acoustic “push” pulse that generates shear-waves which
propagate into the tissue. The propagation speed increas-
es with fibrosis'?.

Recently, several studies have assessed the value of
different types of elastography (transient elastography,
real time elastography or acoustic radiation force impulse
elastography) for the evaluation of liver stiffness in an
attempt to replace liver biopsy. Elastographic methods
are also used for the assessment of focal lesions or of
diffuse pathologies (especially chronic hepatopathies)p’m.
Many studies have proved these methods to be valuable,
especially for the diagnosis of advanced fibrosis in dif-
fuse liver diseases”” ™.

Considering the analogy of the two parenchymatous
organs, liver and thyroid, we tried to assess whether
ultrasound-based elastography by means of the acoustic
radiation force impulse (ARFI) technique could be useful
for the evaluation of thyroid diffuse pathology.

The aim of our paper was to see whether, by using
ARFTI elastography, we can differentiate a normal thyroid
from a pathological one (considering only diffuse thyroid
diseases) and secondly, to establish technical parameters
for thyroid stiffness (TS) evaluation using ARFI elasto-

graphy.

MATERIALS AND METHODS

We evaluated 136 subjects (mean age 45.8 = 15.6 years,
106 women and 30 men): 44 (32.3%) without thyroid pa-
thology, 48 (35.3%) with Basedow-Graves’ disease (GD),
37 (27.2%) with chronic autoimmune thyroiditis (CAT), 4
(2.9%) with diffuse thyroid goiter and 3 (2.2%) cases with
thyroid pathology induced by amiodarone. All patients
agreed to participate in our study which was approved by
the local Ethics Committee.

The diagnosis of GD was based on the following
criteria: thyrotoxicosis at the beginning confirmed by low
thyroid stimulating hormone (TSH), high FT4 and FT5;
diffuse hypoechoic goiter on ultrasound; and high titers
of anti-TSH receptor antibodies. Some of the cases were
evaluated by ARFT at the onset of the disease and some
while under antithyroid therapy.

The diagnosis of CAT was based on high titers of
antithyroid antibodies (anti-TPO and/or antiTg); diffuse
hypoechogenity of the thyroid parenchyma on ultra-
sound; and normal or low thyroid function. Some of the
cases had goiters (Hashimoto type) and some had a not-
mal thyroid volume on ultrasound examination. All amio-

darone treated patients developed type Il thyrotoxicosis,
[15]

diagnosed by means of established criteria

ARFT elastography was performed with a Siemens
Acuson S2000™ ultrasound system. In all patients, 10
elastographic measurements were taken in the right thy-
roid lobe (RTL) and 10 in the left thyroid lobe (LTL) using

a convex probe of 1-4.5 MHz. Median values were calcu-
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Figure 1 Acoustic radiation force impulse measurement in the left thyroid
lobe (with convex probe).

lated and expressed in meters/second (m/s) (Figure 1).

We calculated mean TS values in the RTL and LTL.
To see whether the probe type (linear or convex) influ-
ences TS measurements, in 45 patients we performed 10
elastographic measurements each in the RTL and LTL,
using a convex probe of 1-4.5 MHz and a linear probe of
4-9 MHz, respectively. We also calculated mean TS values
for each probe (resulting from the median TS values in
RTL and LTL).

Data obtained from our cases were collected in a Mi-
crosoft Excel file, the statistical analysis being performed
using the MedCalc program. ARFI measurements were
numeric variables, so the mean values and standard de-
viation were calculated. The t test was used to compare
mean ARFI values of TS.

The diagnostic performance of ARFI elastography
was assessed using ROC curves that were constructed for
prediction of thyroid pathology. Optimal cut-off values
were chosen to maximize the sum of sensitivity (Se) and
specificity (Sp). Se and Sp were calculated according to
standard methods.

RESULTS

The mean TS values assessed by ARFI in normal and
pathologic thyroid for the LTL and RTL, and the median
values for LTL plus RTL are presented in Table 1.

TS assessed by means of ARFI in healthy subjects
was significantly lower than in GD (P < 0.0001) and CAT
patients (P = 0.0002), but the differences were not statis-
tically significant between GD »s CAT cases (P = 0.053)
(Figure 2).

The optimal cut-off value (in which the sum of Se
and Sp was highest) for the prediction of diffuse thyroid
pathology was 2.36 m/s. For this cut-off value, TS had
62.5% Se, 79.5% Sp, 87.6% positive predictive value
(PPV), 55.5% negative predictive value (NPV) and 72.7%
accuracy for the presence of diffuse thyroid pathology
(AUROC = 0.804).

To obtain a Se > 90%, the best TS cut-off for predict-
ing diffuse thyroid pathology was 1.81 m/s (90.2% Se,
40.9% Sp, 76.1% PPV, 66.6% NPV and 74.2% accuracy).
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Table 1 Mean thyroid stiffness values assessed by acoustic

radiation force impulse in normal patients and in patients with
diffuse thyroid pathology

RTL (m/s) LTL (m/s) P value Mean ARFI (m/s)
Normal 1.98+0.37 201+048 0.74 (NS) 2+040
GD 2.62+058 272+0.61 0.41(NS) 2.67 £0.53
CAT 2.34+0.61 253+0.68 0.20 (NS) 243 £0.58

GD: Graves’ disease; CAT: Chronic autoimmune thyroiditis; RTL: Right
thyroid lobe; LTL: Left thyroid lobe; m/s: Meters/second; ARFI: Acoustic
radiation force impulse; NS: Not significant.

Table 2 Mean acoustic radiation force impulse thyroid stiffness
values in normal and diffuse thyroid pathology, with convex

and linear probes, median of 10 measurements vs median of 5
measurements

10 measurements 5 measurements P value
(m/s) (m/s)
Normal 2.01+0.40 2.01+0.40 1 (NS)
GD 2.64 +£0.52 2.59 +£0.54 0.66 (NS)
CAT 2.50 £ 0.56 245+0.54 0.72 (NS)
Convex probe 2.09 +£0.39 211 +0.45 0.85 (NS)
Linear probe 2.03 +0.36 2.06 +0.38 0.75 (NS)

GD: Graves’ disease; CAT: Chronic autoimmune thyroiditis; NS: Not sig-
nificant; m/s: Meters/second.

Table 3 Thyroid stiffness acoustic radiation force impulse

measurements according to thyroid stimulating hormone
levels

ARFI values in patients ARFI values in patients P
with normal TSH with abnormal TSH  value

(m/s) (m/s)
All patients  2.35 + 0.49 (20 patients) 2.64 + 0.56 (46 patients) 0.04
GD 212 +0.27 (6 patients)  2.67 + 0.51 (29 patients) 0.01

CAT 242 +0.55 (11 patients)  2.49 + 0.52 (14 patients) 0.74

GD: Graves’ disease; CAT: Chronic autoimmune thyroiditis; ARFI: Acous-
tic radiation force impulse; TSH: thyroid stimulating hormone; m/s: Me-
ters/second.

To obtain a Sp > 90% the best TS cut-off assessed by
ARFTI elastography was 2.53 m/s (54.3% Se, 90.9% Sp,
92.5% PPV, 48.7% NPV and 66.1% accuracy).

If we compared mean TS values obtained by convex
vs linear probe, those obtained with the convex one were
slightly higher, but not significantly so, than those ob-
tained with the linear one (2.17 £ 0.51 m/s s 2.04 = 0.43
m/s, P = 0.19) (Table 2). Also, if only 5 ARFI measure-
ments were performed in each thyroid lobe, their median
values were not significantly different from the median
values of 10 ARFI measurements (Table 2), in normal as
well as in diffuse thyroid disease.

Also, if only 5 ARFI measurements were performed,
the TS assessed by means of convex probe was slightly
higher, but not significantly so, than those obtained with
the linear probe (2.11 £ 0.45 m/s »52.06 £ 0.38 m/s, P =
0.63).

(49

T
Jaishideng®

WJR | www.wjgnet.com

45
P =0.0002 5
40
(o]
35 P < 0.0001 & P =0.053 —op—
oo
3.0 5 S
25 & Oﬁ"g &
g QCLO
O % 000
20 b 5 E 5
gés g0
15 ok b
1.0 | L L
Normal GD CAT

Figure 2 Mean thyroid stiffness values assessed by acoustic radiation
force impulse elastography in healthy subjects vs patients with thyroid
pathology. GD: Graves’ disease; CAT: Chronic autoimmune thyroiditis.
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Figure 3 Mean thyroid stiffness values according to thyroid stimulating
hormone levels. TSH: thyroid stimulating hormone.

The mean ARFI values were significantly higher in
patients with thyroid pathology and low levels of TSH
vs those with normal TSH (P = 0.03); however the mean
ARFI values were similar in patients with low TSH »s
higher TSH P = 0.34) and in patients with normal TSH
vs higher TSH levels (P = 0.28) (Table 3, Figure 3). Also,
TS was not correlated with the TSH levels: Spearman r
coefficient = -0.157, P = 0.20.

DISCUSSION

GD is an autoimmune thyroid disorder characterized
by diffuse goiter, thyrotoxicosis, orbitopathy and oc-
casionally, infiltrative dermopathy. The clinical exam of
the goiter by palpation reveals a parenchymatous elastic
consistency and a specific bruit. CAT is another auto-
immune thyroid disease that can induce goiter and/or
thyroid dysfunction. Thyroid function is normal, low
or rarely high. The classic form of CAT (Hashimoto’s
disease) presents a diffuse goiter with hard consistency
at palpation. If GD is characterized by circulating anti-
TSH immunoglobulins, CAT expresses serum antithyroid
autoantibodies which, in time, damage the thyroid’s mor-
phofunctionality.

In previously published papers, thyroid elastography
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has been used to evaluate thyroid nodule stiffness in
order to differentiate malignant from benign ones!""*,
usually using real time elastography (Hi RT-E). There is
only one published study (also by our group) that evalu-
ated thyroid stiffness by means of ARFI elastography in
a group of 74 subjects, as a predictor of diffuse thyroid
pathologylzzj.

ARFI elastography involves targeting an anatomical
region to be investigated for elastic properties with the
use of an ROI cursor, while performing real-time B-mode
imaging. Tissue in the ROI area is mechanically excited
using short-duration (262 us) acoustic pulses with a fixed
transmit frequency of 2.67 MHz to generate localized tis-
sue displacement. The displacement results in shear wave
propagation away from the region of excitation and is
tracked using ultrasound correlation-based methods?.
The shear wave propagation velocity is proportional to
the square root of tissue elasticity so that the propaga-
tion speed increases with fibrosis. Using image-based
localization and a proprietary implementation of ARFI
technology, shear wave speed may be quantified. Results
are expressed in m/s. Measurement value and depth are
also reported.

Considering that there are no manufacturer recom-
mendations for TS evaluation, we performed 10 ARFI
measurements in each thyroid lobe, after which a median
value was calculated, similar to the evaluation of liver
stiffness by means of transient elastography (TE) or
ARFI. Thereafter, we retrospectively analyzed the results,
when only the first 5 ARFI measurements were taken into
consideration. TS values assessed by means of ARFI were
not statistically significant different if 10 »s 5 ARFI mea-
surements were performed in each thyroid lobe (Table 2),
so that we can conclude that for TS assessment 5 mea-
surements are enough.

In the practical evaluation of liver stiffness through
elastographic methods (TE or ARFI), the high level of
aminotransferases modifies the values obtained for liver
stiffness”™ . For this reason, we wanted to see if 2 modi-
fied thyroid function plays a role in the TS evaluation. We
found that ARFI values were not correlated with TSH:
Spearman 7 coefficient = -0.157, P = 0.20. Considering
all the patients with thyroid pathology, the mean ARFI
values were significantly higher in patients with abnormal
TSH, as compared with those with normal TSH (Table 3).

In a very recently published study by Friedrich-Rust
et a/m, ARFI was used for the evaluation of 55 patients
with 60 thyroid nodules. TS measured by ARFI in the
healthy tissue surrounding the nodule was compared to
the nodules’ stiffness. While no significant difference in
median velocity was found between healthy thyroid tis-
sue and benign thyroid nodules, a significant difference
was found between malignant thyroid nodules on the one
hand, and healthy thyroid tissue (P = 0.018) or benign
thyroid nodules (P = 0.014) on the other hand.

Other elastographic methods have been used for TS
assessment. In such a study, Bahn ¢ 2/ used magnetic
resonance elastography (MRE) to evaluate TS in cases
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without thyroid pathology (12 subjects), in patients with
Hashimoto thyroiditis (5 subjects), in patients with be-
nign thyroid nodules (8 subjects) and with malignant
thyroid nodules (2 subjects). Statistically significant differ-
ences were found between TS values in normal subjects
(1.9 £ 0.6 kPa at 100 Hz and 1.3 £ 0.5 kPa at 80 Hz) and
those with Hashimoto thyroiditis (2.8 £ 0.6 kPa at 100
Hz and 1.8 £ 0.6 kPa at 80 Hz) (P = 0.004 at 100 Hz). In
the same MRE study, elastographic parameters could not
differentiate benign from malignant thyroid nodules in
this small cohort of patients.

In our study, TS assessed by means of ARFI in heal-
thy subjects was significantly lower than in GD (P <
0.0001) and CAT patients (P = 0.0002), but the differ-
ences were not statistically significant between GD »s
CAT patients (P = 0.053), meaning that even if we can-
not differentiate by means of ARFI patients with GD
from those with CAT, ARFI elastography could be used
in clinical practice for differentiating normal thyroid from
diffuse disease of the thyroid, maybe even as a first-line
method, immediately after performing routine ultrasound
examination of the gland.

ARFT elastography of the thyroid is feasible with
either linear or convex probes and 5 measurements in
every lobe are enough (median values) for an accurate as-
sessment. ARFI evaluation seems to be a useful method
for predicting the presence of autoimmune diffuse
thyroid pathology, with high Sp and PPV (> 90%) for
cut-off values > 2.53 m/s; being able to make a first dif-
ferentiation between a normal thyroid and diffuse thyroid
diseases immediately after ultrasound evaluation, thus
opening a new field in thyroid elastography.

COMMENTS

Background

Elastographic methods are non-invasive means used for liver fibrosis evalu-
ation. There is very limited knowledge regarding the use of elastography for
diffuse thyroid pathology assessment. Considering the analogy of the two
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trasound-based elastography, by means of the acoustic radiation force impulse
(ARFI) technique, could be useful for the evaluation of thyroid diffuse pathology.
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assessed by ARFI elastography was accurate enough to predict the presence
of diffuse thyroid pathology (AUROC = 0.804). For a cut-off value > 2.53 m/s,
the specificity and positive predictive value were higher than 90%.
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Abstract

AIM: To investigate contrast-enhanced computed to-
mography (CECT) for discriminating esophageal squa-
mous cell carcinoma (ESCC) from normal esophagus
and evaluating outcomes within tumors after chemora-
diotherapy (CRT).

METHODS: Sixty-four patients with surgical ESCC
served as group A, and underwent thoracic contrast-
enhanced scan with 16-section multidetector row CT
1 wk before surgery. Thirty-five patients with advanced
ESCC receiving 4-wk CRT and showing response to CRT
served as group B, and underwent CT scans similar
with group A 4 wk after completion of CRT. In group A,
differences in CT attenuation values (in HU) between
the preoperative ESCC and background normal esopha-
geal wall (delta CT:1), or between different background
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normal esophageal walls (delta CT2) were compared.
Furthermore, delta CT: between group A and B was
also compared.

RESULTS: In group A, mean delta CT: was higher
than delta CT2 (23.86 £ 10.59 HU vs 6.24 £ 3.06 HU,
P < 0.05). When a delta CT: of 10.025 HU was em-
ployed at a cut-off value to discriminate ESCC from
normal esophagus, a sensitivity of 89.1% and specific-
ity of 90.6% were achieved. Mean delta CT: was lower
in group B than in group A (9.25 £+ 10.86 vs 23.86
+ 10.59, P < 0.05), and a delta CT: of 15.45 HU was
obtained at a cut-off value to assess the CRT changes
with a sensitivity of 76.6% and specificity of 77.1%.

CONCLUSION: CECT might be a clinical technique
for discriminating ESCC from normal esophagus, and
evaluating outcome in the tumors treated with CRT.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Esophageal carcinoma is one of the most frequent causes
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of death from digestive systemic malignant tumors, and
the squamous cell carcinoma is the frequent histological
typem. Tumor resection is a well established curative treat-
ment protocol for patients with nonmetastatic esophageal
squamous cell carcinoma (ESCC)¥. However, some pa-
tients with advanced ESCC have primary cancer associ-
ated with systemic spread at diagnosis, and the outcome
of surgery alone for these patients was not sarjsfyingp’A'J.
In the process of the tumor cells spreading through the
bloodstream to distant tissues, tumor angiogenesis plays a
key role™. For patients with advanced esophageal carci-
noma, chemoradiotherapy (CRT) has been established as
an effective treatment which is widely performed in clini-
cal settingsm.

Several imaging procedures, such as endoscopy and
endoscopic ultrasound (EUS), have been used to assess
response to neoadjuvant chemotherapy and radiation
therapy by comparison of tumor volume between pre-
and post-CRT imagingisj. However, these methods are
limited by their inability to traverse a malignant stricture
occurring in 20-30% esophageal carcinoma patients and
by their operator dependencyp’loj. EUS may also have a
potential risk of perforationm. As a noninvasive imag-
ing technique, computed tomography (CT) is the most
common approach for evaluating cancers, and contrast-
enhanced CT (CECT), which can overcome the limita-
tions of endoscopy and EUS, has been clinically applied
to detect esophageal primary tumors and lymph node or
distant metastasis, and to assess the response to neoadju-
vant chemotherapy and radiation therapyllz’w.

Furthermore, tumor angiogenesis is characterized by
an increase in tumor blood vessel count, and this process
will impact on CECT™™". We presume that the level of
CT enhancement might be interpreted as an indicator
of tumor angiogenesis. To the best of our knowledge,
few articles have focused on the CT attenuation value in
esophageal tumor and background normal esophagus on
CECT in patients treated with or without CRT. Thus, the
objective of this study was to investigate the feasibility
of CECT to quantitatively distinguish esophageal tumor
from background normal esophagus, and for assessing
therapeutic outcome in patients with cancer who received
CRT in a clinical settings.

MATERIALS AND METHODS

Participants
The institutional ethics committee of our hospital ap-
proved this study, and written informed consent was ob-
tained from each participant prior to the study.
According to the therapeutic strategy, there were two
groups - group A and B - in our study. Patients were en-
rolled into group A according to the following inclusion
criteria: (1) they had ESCC initially confirmed by endo-
scopic biopsy; (2) the mass was cleatly visible on CECT
images; (3) the patients did not receive any tumor-related
treatment such as radiotherapy, or chemotherapy prior to
the CT examination; and (4) there were no contraindica-
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tions to tumor resection for therapy with thoracotomy.
Patients were enrolled into group B if ESCC was patho-
logically confirmed, if there were contraindications to
tumor resection for therapy with thoracotomy, if they
received CRT and showed a response to CRT, if they un-
derwent CECT at least 4 wk after the therapy, and if the
mass was clearly visible on CECT images.

From January to November 2010, 64 consecutive
patients (53 men and 11 women; mean age, 61.51 years;
age range, 37-79 years) with endoscopic biopsy proven
ESCC, who met the inclusion critetia, were enrolled into
group A. In this group, the mean coverage of the tumor
along the z-axis was 5.33  2.85 cm (range 2.54-8.42 cm).
The tumors were located in the lower thoracic portion of
the esophagus in 10 patients, in both the midthoracic and
lower thoracic portion in 17, in the midthoracic portion in
27, in both the upper thoracic and midthoracic portion in
8, and in upper thoracic portion in 2. One week after the
CECT scan, all patients underwent tumor resection with
thoracotomy. According to the postoperative pathology,
all the surgical margins were not involved by this carci-
noma.

During the same petiod, 35 patients (29 men, 6 women;
mean age 56.75 years; age range from 47 to 76 years)
with unresectable ESCC, who had already completed a
CRT schedule for at least 4 wk, served as group B. The
mean coverage of the tumor along the z-axis was 3.79
t+ 2.13 cm (range 1.33-6.91 cm). The tumors were located
in the lower thoracic portion of esophagus in 9 patients, in
both the midthoracic and lower thoracic portion in 4, in the
midthoracic portion in 7, in both the upper thoracic and
midthoracic portion in 4, and in the upper thoracic por-
tion in 11. CRT consisted of simultaneous radiotherapy
and chemotherapy. For radiotherapy, the patients were
irradiated using a 10-MV linear accelerator photon beam
at a daily dose of 2 Gy, which was continued daily 5 times
per week for 4 wk, to a total dose of 40 Gy. The target in-
cluded the primary tumor and the enlarged regional lymph
nodule. The chemotherapy schedule, which was initiated
on day 1 of radiotherapy, consisted of cisplatin (7 mg/m”
per day) by intravenous administration and 5-fluorouracil
(350 mg/m’ per day) by continuous intravenous infusion
for 5 d**". All patients showed a therapeutic response to
CRT, which was assessed 4 wk after the completion of
CRT according to the therapeutic criteria defined by the
Wotld Health Orgam'zationlzzj.

Imaging acquisition

Patients in groups A and B underwent spiral thoracic
enhanced scans with a 16-section multidetector row CT'
(MDCT) system (Aquilion 16 CFX Edition, Toshiba
Medical System, Japan) 1 wk before tumor resection and
4 wk after completion of CRT, respectively. Each patient
received 200-400 mL water as oral esophageal negative
contrast material immediately before the examination.
A 19-gauge cannula was placed into an antecubital fossa
vein after the patient lay supine on the scanner table.
Eighty milliliters of a nonionic contrast medium (Ultravist
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Figure 1 Oblique sagittal reformatted computed tomography images (A) of a 75-year-old man with squamous cell carcinoma in the lower thoracic portion
of the esophagus (black arrows). The surgical cut edge is determined by a radiologist and a pathologist working in consensus (white arrowhead); and the back-
ground normal esophagus (white arrows) has been chosen in the thoracic upper portion. To generate the enhanced attenuation, two regions of interest (B and C) for
the esophageal cancer and for the background normal esophagus are drawn freehand around the tumor and around the esophageal wall, respectively; the enhanced

attenuation values correspond to 84 HU and 57 HU, respectively.

300, Iopamidol, Schering, Germany) containing 300 mg
of iodine per milliliter was administered intravenously as
a bolus with a flow rate of 2.5-3.0 mL/s using an auto-
matic injector (MEDRAD Vistron CT Injection System,
Medrad company, USA). Enhanced CT was performed
35 s after the initiation of the bolus contrast injection us-
ing the following scanning parameters: 120 kV, 100 mAs,
0.5 s rotation time, a pitch of 0.938, 400 mm field of
view, 7 mm section thickness, and 512 mm X 512 mm
matrix. Each scan was performed during a breath-hold to
minimize the movement of the esophagus. All data were
reconstructed with a 1 mm section thickness at 1 mm in-
tervals, and were then transferred to an image processing
workstation (Vitrea 2.0 vital images, Minnesota, USA).

Image analysis

Image data in groups A and B were retrospectively re-
viewed on the image processing workstation by an expe-
rienced radiological professor (the corresponding author
with 13 years of experience in thoracicoabdominal radiol-
ogy), and an experienced radiologist (the first author with
4 years of experience in thoracicoabdominal radiology)
by consensus to keep the accuracy of analysis focusing
on the difference in attenuation values (ACT, in Houn-
sfield units) between the tumor and background normal
esophageal wall (ACT1, in Hounsfield units) in group A
and B, or between background normal esophageal walls
(ACT>, in Hounsfield units) in group A.

In order to measure the attenuation of the tumor in
groups, reconstructed axial images (Figure 1A) were used
to reformat the oblique-sagittal images at 1.0 mm intervals
with a slice thickness of 1.0 mm to display the extension
of esophageal carcinoma. Standard mediastinal window
images (window width, 400 HU; window level, 60 HU)
were used for displaying the images. Based on the exten-
sion of the tumor on the oblique-sagittal view, ten con-
tiguous transverse sections corresponding to the maximal
segment of tumors were selected for the representative
tumor sections. A reliable tumor region of interest (ROI)
within the representative thickened esophageal wall was
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manually drawn in the transverse section, and the area of
tumor ROI (area range: 36-408 mm’) was morte than 60%
of that of the entire tumor in the section (Figure 1B). The
tumor attenuation value was derived automatically by the
software on this image processing workstation. To mini-
mize partial volume averaging with surrounding tissues,
care was taken to draw the ROI of the tumor to exclude
periesophageal fat and intraluminal gas, and to avoid the
necrotic area within the tumor. This previous process and
analysis was repeated for each contiguous transverse level,
until the ten representative tumor sections had been cov-
ered. All ten attenuation values were then averaged across
all the sections to be regarded as the representative attenu-
ation values for esophageal carcinomas.

For measuring the attenuation value of background
normal esophagus in groups, the ROI of the normal
esophagus was determined. In group A, the tumor did
not involve the surgical cut edge in all patients confirmed
by the postoperative pathology, and the residual portions
of esophagus after surgery were determined as back-
ground normal esophagus. According to the postopera-
tive pathology and the reformatted images in the oblique-
sagittal plane (Figure 1A), five contiguous axial sections
corresponding to the background normal esophagus were
randomly selected for each patient in group A. In group B,
the portions of background esophagus 5 cm away from
the irradiating target were determined as background
normal esophagus, and five contiguous axial sections cot-
responding to the background normal esophagus were
also randomly selected. The measurement of CT values
in the normal esophagus was similar to that in esophageal
carcinoma.

Subsequently, ACT1 was calculated by subtracting the
referenced attenuation value for the background normal
esophageal wall from the representative attenuation value
for esophageal carcinomas. ACT2 was defined as the stan-
dard deviation of the attenuation value for the portions
of background normal esophagus, which was in accot-
dance with the difference in attenuation values between
background normal esophageal walls.
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Table 1 Repeatability of measurements of ACT: in group A and group B (mean + SD)

Group Mean differences of replicated measurements 95% Interobserver correlation
Differences between two 95% CI of the 95% limits of coefficient
sets of measurements difference agreement
A (HU) -0.2+9.03 -17.8 to 17.5 -18.26 to 17.86 0.9913 (0.9817 to 0.9933)
B (HU) 1.2+126 -26 to 23.5 -26.4 to 24 0.9956 (0.9911 to 0.9978)

ACT1: Difference in attenuation value between esophageal tumor and background normal esophagus.

To clarify the inter-observer agreement on the mea-
surement of ACT, we randomly assessed the reproduc-
ibility of ACT1 measurement. Data from each group was
reanalyzed by the other observers (the third author with
3 years of experience in thoracicoabdominal radiology,
and the fourth author with 2 years of experience in radi-
ology). We then compared two sets of the measurements,
and if good agreement between the replicated measure-
ments was achieved, values of the first set wete regarded

as the final ACT1.

Statistical analysis

Repeatability between two sets of measurements for A
CT: was assessed by Bland and Altman analysis™. The
mean differences and their 95% CI between two sets of
measurements, and 95% limits of agreement for ACTh
were determined to evaluate the difference in replicated
measurements. The interclass correlation coefficients and
their 95% CI were applied to assess the level of agree-
ment. If the interclass correlation coefficient was greater
than 0.99, and the mean difference of the replicated mea-
surements was close to zero, good agreement between
the replicated measurements was considered to be ob-
tained"”.

By using the statistical software (version 13.0 for Win-
dows, SPSS Inc., Chicago, 1L, USA), independent sample
Student’s # tests were subsequently performed to compare
ACT1 and ACT2 in group A, and ACT1 between group A
and B. The probability value of less than 0.05 was con-
sidered to indicate a significant difference. If significant
difference was proved, receiver operating characteristic
(ROC) analysis was then carried out to determine the
cutoff of ACT" for discriminating esophageal carcinoma
from background normal esophagus, and for assessing
the CRT change of esophageal carcinoma.

RESULTS

Repeatability of measurement of ACT1 in groups

In group A, the mean CT attenuation value of back-
ground normal esophagus was 53.77 £ 7.04 HU (range,
30.98 to 68.62 HU). The mean CT attenuation value
of esophageal carcinoma was 77.62 £ 9.13 HU (range,
63.18 to 106.23 HU) for the initial measurement. The
first set of mean ACT1 was 23.86 = 10.59 HU (range,
-1.85 to 44.86 HU). For the repeated measurement,
mean CT attenuation value of esophageal carcinoma was
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77.61 £ 9.11 HU (range, 63.06 to 105.86 HU), and the
repeated set of mean ACT1 was 23.83 + 10.60 HU (range,
-2.56 to 47.02 HU).

In group B, the mean CT value of background normal
esophagus was 55.09 = 7.30 HU (range, 37.68 to 71 HU).
For the initial measurement, the mean CT value of esoph-
ageal cancer and mean ACT1 were 64.35 = 12.89 HU
(range from 34.07 to 94.82 HU) and 9.25 + 10.86 HU
(range from -10.02 to 35.67 HU), respectively; and for the
replicated measurement, the mean CT attenuation value of
esophageal cancer and mean ACT' were 64.25 = 12.99 HU
(range from 33.98 to 64.26 HU) and 9.16 £ 10.84 HU
(range from -10.39 to 34.24), respectively. A high level
of repeatability of ACT1 measurements was achieved in

groups (Table 1).

Difference in CT values: Between esophageal cancer
and background normal esophagus vs between
background normal esophageal walls

In patients with esophageal carcinoma in group A, the
mean ACT1 was 23.86 £ 10.59 HU, and mean ACT2 was
6.24 £ 3.06 HU (range, 2.39 to 18.66 HU). ACT1 was
significantly higher than ACT? in group A (P < 0.0001).
To discriminate the visual difference of esophageal car-
cinoma from that of background normal esophageal
walls, the ROC curve analysis (Figure 2A) was performed
between ACT1 and ACT>2, and an area under the curve of
0.948 (95% CI: 0.906 to 0.99, P < 0.0001) was observed.
By using 10.025 HU of ACT! as the cut-off value, the
ROC curve showed a sensitivity of 89.1%, a specificity
of 90.6%, a positive predictive value of 90.4%, a negative
predictive value of 89.2%, and an accuracy of 89.8%.

Difference in CT values: Tumors with and without CRT
In patients treated with and without CRT, mean ACT"
was 23.80 + 10.59 HU and 9.25 £ 10.86 HU in group A
and group B, respectively. Due to the treatment, mean A
CT1 was markedly decreased in group B compared with
that in group A (P < 0.0001). To assess the therapeutic
change, the ROC curve analysis (Figure 2B) was also
performed between ACT1 in groups, and an area under
the curve of 0.833 (95% CL: 0.746 to 0.920, P < 0.0001)
was observed. By using 15.45 HU of ACT! as the cut-
off value, the ROC curve showed a sensitivity of 76.6%,
a specificity of 77.1%, a positive predictive value of
64.29%, a negative predictive value of 85.96%, and an ac-
curacy of 76.77%.
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Figure 2 Receiver operating characteristic curve of difference in contrast
enhancement between esophageal squamous cell carcinoma and back-
ground normal esophagus. A: Discriminating the tumor from background
normal esophagus (area under ROC curve = 0.948, P < 0.0001); B: Discrimi-
nating between the therapeutic change of esophageal squamous carcinoma
treated with and without chemoradiotherapy (area under ROC curve = 0.833,
P <0.0001).

DISCUSSION

In this study, an unenhanced CT scan was not performed
prior to contrast-enhanced scan to control the patient ra-
diation dose by lowering scan time. A 16-section MDCT
was used to perform the enhancement data acquisitions,
which has better collimation of X-ray beams and newer
filter design compared with single section spiral CT***,
As shown in our study, the measurement of difference

in contrast enhancement between esophageal carcinoma
and background normal esophageal wall might be a re-
producible technique, because good agreement between
replicated measurements of the difference was obtained.
Thus, we used a contrast-enhanced scan with 16-section
MDCT in the present study.

Clinically, the results of our study showed that the
contrast-enhanced attenuation value within ESCC was
significantly higher than that in the background normal
esophageal wall. Our findings were consistent with those
obtained by triple-phase dynamic CT (23.86 £ 10.59 HU
25 28.3 £ 17.1 HU)"™. Our findings may be explained by
the fact that ESCC is typically hypervascular[zo’m, and the
process of developing a new arterial vessel supply and the
formation of tumor microvessels in the tumors could re-
sult in 2 marked increase of enhanced attenuation value.
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Because of a significantly higher difference in CT en-
hancement between the tumor and background normal
esophagus »s between background normal esophageal
walls, the difference in CT enhancement between the
tumor and background normal esophagus illustrated by
ACT" could be used as a criterion to differentiate tumor
from background normal esophagus. A threshold value
of ACT1 was obtained by performing ROC analysis. Our
findings suggested that the cut-off ACT1 of 10.025 HU
had high sensitivity, specificity, positive predictive value,
negative predictive value and accuracy at more than 85%.
Therefore, a ACT1 value of 10.025 HU may be used as a
criterion to discriminate the microcirculation of ESCCs
from that of the background normal esophagus.

Another finding in our study is that the difference
in contrast enhancement between the tumor and back-
ground normal esophageal wall was significantly lower
in patients treated with CRT than without CRT. These
phenomena might be attributed to the cytotoxic ef-
fects of X-rays on the vascular endothelium cells within
squamous cell carcinoma™, and the tumor vascularity
may shrink after CRT, resulting in lower CECT. We used
ROC analysis to evaluate the therapeutic change within
tumors and our findings suggested that the cut-off ACT1
of 15.45 HU had sensitivity, specificity, negative predic-
tive value and accuracy at more than 75%. Hence, a ACT1
value of 15.45 HU could be used as a criterion to evalu-
ate therapeutic changes in tumors treated by CRT.

Our research has limitations. Firstly, measurement
of CT enhancement is a semi-quantitative method for
assessing the tumor vascularity, and is significantly con-
strained by the impact of patient cardiac output and
central blood volume. To try our best to overcome this
limitation, we measutred the extent of CT enhancement
within the tumor by subtracting the attenuation value of
background normal esophageal walls from that of esoph-
ageal tumors, which may help to avoid the confounding
influence of cardiac output and central blood volume.
Another limitation is that normal esophagus was more
subject to partial volume averaging with adjacent tissue
or air, which may influence the accuracy of the measure-
ment of CT enhancements in the esophageal wall. To
minimize partial volume averaging, the measurements of
CT enhancement were analyzed on thin-section and mag-
nifying images.

The cut-off wvalue of difference in CT enhancement
between ESCC and background normal esophagus (ACT1
= 10.025 HU) could be used to quantitatively discrimi-
nate tumor from normal esophagus, and the cut-off value
of difference in ACT1 between the tumors treated with
and without CRT (15.45 HU) could be used to assess
the outcomes of CRT 7 vivo in clinical settings. Recently,
tully automatic methods for 2D and 3D segmentation of
liver structures from CT scans were developed to obtain
high accuracy for demonstrating the liver volume, hepatic
tumor and vessel morphologylzo’soj. Automated methods
for 3D segmentation of esophagus from CT scans had
also developed to obtain high accuracy for showing the
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anatomy of esophagusm. Based on the difference in CT
enhancement between ESCC and background normal
esophagus, we hope to develop the techniques of auto-
matic segmentation for depicting the profile of ESCC
for surgical planning and to determine the therapeutic
outcomes of CRT, which will be performed in our future
study.

COMMENTS

Background

Esophageal squamous cell carcinoma (ESCC) is one of the most frequent
causes of death from digestive systemic malignant tumors. In the process of
the tumor cells spreading through the bloodstream to distant tissues, tumor an-
giogenesis plays a key role and is characterized by an increase in tumor blood
vessel count, which will impact on contrast-enhanced computed tomography
(CECT). However, few articles have focused on the CT attenuation value in
esophageal tumor and background normal esophagus on CECT in patients
treated with or without chemoradiotherapy (CRT).

Research frontiers

CT attenuation values (in HU) of ESCC and background normal esophageal
walls were measured on thoracic contrast-enhanced CT data. The differences
in CT attenuation values between surgical ESCC and background normal
esophageal wall (ACT+), and between different background normal esophageal
walls (ACT2) were compared for discriminating ESCC from normal esophagus.
In addition, the differences in ACT+ between patients with ESCC treated with
and without CRT was compared for evaluating the CRT outcomes.

Innovations and breakthroughs

The cut-off value of difference in CT enhancement between ESCC and back-
ground normal esophagus (ACT+ = 10.025 HU) could be used to quantitatively
discriminate the tumor from normal esophagus, and the cut-off value of differ-
ence in ACT1 between the tumors treated with and without CRT (15.45 HU)
could be used to assess the outcomes of CRT in vivo in a clinical setting.

Applications

Based on the difference in CT enhancement between ESCC and background
normal esophagus, we hope to develop the techniques of automatic segmenta-
tion for depicting the profile of ESCC for surgical planning and for determining
the therapeutic outcomes of CRT.

Terminology

Thoracic contrast-enhanced CT is a valuable procedure to quantitatively
measure the difference in CT enhancement between ESCC and background
normal esophageal wall. It is hoped that this can be used to develop automatic
segmentation techniques for depicting the profile of ESCC for surgical planning
and determination of the therapeutic outcomes of CRT.

Peer review

In this paper, the authors demonstrated that difference in CT enhancement
between ESCC and background normal esophagus could quantitatively dis-
criminate the tumor from normal esophagus. The addressed research topic is
of great importance in the field and the presented work effectively illustrates the
final finding of the study.
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GENERAL INFORMATION

World Journal of Radiology (World | Radiol, W]R, online ISSN
1949-8470, DOI: 10.4329), is a monthly, open-access (OA), peer-
reviewed journal supported by an editorial board of 319 experts in
Radiology from 40 counttries.

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

Maximization of personal benefits

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

Aims and scope

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

Columns

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

Name of journal
World Journal of Radiology

ISSN
ISSN 1949-8470 (online)

Editor-in-Chief

Filippo Cademartiri, MD, PhD, FESC, FSCCT, Professor, Car-
dio-Vascular Imaging Unit-Giovanni XXIII Hospital, Via Giovanni
XXIIL, 7-31050-Monastier di Treviso (T'V), Italy

Editorial Office

World Journal of Radiology

Editorial Department: Room 903, Building D,

Ocean International Center, No. 62 Dongsihuan Zhonglu,
Chaoyang District, Beijing 100025, China
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E-mail: wjr@wignet.com
http:/ /www.wignet.com
Telephone: +86-10-59080039
Fax: +86-10-85381893

Indexed and Abstracted in
PubMed Central, PubMed, Digital Object Identifer, and Directory
of Open Access Journals.

Published by
Baishideng Publishing Group Co., Limited.

SPECIAL STATEMENT

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

Biostatistical editing

Statisital review is performed after peer review. We invite an expert in
Biomedical Statistics from to evaluate the statistical method used in
the paper, including ~test (group or paired comparisons), chi-squared
test, Ridit, probit, logit, regression (linear, curvilinear, or stepwise),
correlation, analysis of variance, analysis of covariance, ez The re-
viewing points include: (1) Statistical methods should be described
when they are used to verify the results; (2) Whether the statistical
techniques are suitable or correct; (3) Only homogeneous data can be
averaged. Standard deviations are preferred to standard errors. Give
the number of observations and subjects (7). Losses in observations,
such as drop-outs from the study should be reported; (4) Values such
as ED50, LD50, IC50 should have their 95% confidence limits cal-
culated and compared by weighted probit analysis (Bliss and Finney);
and (5) The word ‘significantly’ should be replaced by its synonyms (if
it indicates extent) or the P value (if it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess any po-
tential bias, WJR requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indicate any
potential conflict they might have reviewing a particular paper. Before
submitting, authors are suggested to read “Uniform Requitements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations
in the Conduct and Reporting of Research: Conflicts of Interest” from
International Committee of Medical Journal Editors ICMJE), which is
available at: http:/ /wwwicmje.org/ethical_4conflictshtml.

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

Statement of informed consent

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

Statement of human and animal rights

When reporting the results from experiments, authors should follow
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines
Research Council Guidelines for Good Clinical Practice in Clinical
Ttials) and/ot the World Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If doubt exists whether the research was conducted
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in accordance with the above standards, the authors must explain the
rationale for their approach and demonstrate that the institutional
review body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional review board.
If human participants were involved, 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
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

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

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

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http://www.wjgnet.com/1949-84700office. 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@
wjgnet.com, or by telephone: +86-10-85381892. If you submit your
manuscript online, do not make a postal contribution. Repeated
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

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

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

Running title: A short running title of less than 6 words should be
provided.
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Authorship: Authorship credit should be in accordance with the
standard proposed by International Committee of Medical Journal
Editors, based on (1) substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of data; (2)
drafting the article or revising it critically for important intellectual
content; and (3) final approval of the version to be published. Au-
thors should meet conditions 1, 2, and 3.

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

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang I, 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 I 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.
montgomety.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 W]K, 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/...;
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Instructions to authors

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

Illustrations

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

Notes in tables and illustrations

Data that are not statistically significant should not be noted. "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 ate used.
A third series of P values can be expressed as ‘P < 0.05 and 'P < 0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with @, o, m, 0O, A, /\, ez, in a certain se-
quence.

Acknowledgments

Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
wtitten permission to use any copyrighted text and/ot illustrations.
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cording to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability!”, Tf references are cited directly
in the text, they should be put together within the text, for example,
“From references' ! we know that...”

When the authors write the references, please ensure that the
order in text is the same as in the references section, and also ensure
the spelling accuracy of the first author’s name. Do not list the same
citation twice.

PMID and DOI

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

Style for journal references

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

Style for book references

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

Format

Journals

English jonrnal article (list all anthors and include the PMID where applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert |,
Kubale R, Feuerbach S, Jung E Evaluation of quantitative con-
trast harmonic imaging to assess malignancy of liver tumors:
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2007; 13: 6356-6364 [PMID: 18081224 DOI: 10.3748/wjg.13.
6350]

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

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

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
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Organization as anthor
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PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]

Both personal authors and an organization as anthor

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
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men suffering from lower urinary tract symptoms. | Uro/
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2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]

Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI:10.1046/
j.1526-4610.42.52.7 x]
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8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthep
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
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No volume or issne

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

Books

Personal anthor(s)

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

Chapter in a book (list all authors)

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

Author(s) and editor(s)

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

Conference proceedings

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

Conference paper

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

Electronic journal (list all authors)

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

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning
tool assembly. United States patent US 20020103498. 2002 Aug
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Statistical data
Write as mean £ SD or mean * SE.

Statistical expression

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

Units

Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 ug/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ez. Arabic
numerals such as 23, 243, 641 should be read 23243 641.
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The format for how to accurately write common units and
quantums can be found at: http://www.wijgnet.com/1949-8470/
g _info_20100313185816.htm.

Abbreviations

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

Italics

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

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, et

Restriction enzymes: EcwRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E colr, ete.

Examples for paper writing
Editotial: http://www.wjgnet.com/1949-8470/¢_info_20100313
182341.htm

Frontier: http://wwwwignet.com/1949-8470/¢_info_2010031318
2448 htm

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

Obsetvation: http:/ /www.wignet.com/1949-8470/¢_info_20100313
182834.htm

Guidelines for basic research: http:/ /wwwwignet.com/1949-8470/
g info_20100313183057.htm

Guidelines for clinical practice: http://www.wijgnet.com/1949-
8470/¢_info_20100313183238.htm

Review: http://www.wjgnet.com/1949-8470/¢_info_20100313
183433.htm

Original articles: http://wwwwignet.com/1949-8470/¢_info_2010
0313183720.htm

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

Case report: http://wwwwjgnet.com/1949-8470/¢_info_20100313
184149.htm

Letters to the editot: http://wwwwignet.com/1949-8470/¢g_info_20
100313184410.htm

Book reviews: http://wwwwignet.com/1949-8470/¢_info_201003
13184803.htm

Guidelines: http://wwwwignet.com/1949-8470/¢_info_20100313
185047 .htm
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SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Please revise your article according to the revision policies of WJR.
The revised version including manuscript and high-resolution image
figures (if any) should be re-submited online (http://www.wijgnet.
com/1949-84700ffice/). The author should send the copyright
transfer letter, responses to the reviewers, English language Grade B
certificate (for non-native speakers of English) and final manuscript
checklist to wit@wjgnet.com.

Language evaluation

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

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

Responses to reviewers

Please revise your atticle according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/1949-8470/
¢ info_20100313185358.htm.

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

Links to documents related to the manuscript

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

Science news releases

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

Publication fee

IWJR is an international, peer-reviewed, Open-Access, online jour-
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