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Abstract
Radiotherapy (RT) after tumorectomy in early breast 
cancer patients is an established treatment modality 
which conventionally takes 6-7 wk to complete. Shorter 
RT schedules have been tested in large multicentre 
randomized trials and have shown equivalent results to 
that of standard RT (50 Gy in 25 fractions) in terms of 
local tumor control, patient survival and late post-radi-
ation effects. Some of those trials have now completed 
10 years of follow-up with encouraging results for treat-
ments of 3-4 wk and a total RT dose to the breast of 
40-42.5 Gy with or without boost. A reduction of 50% 
in treatment time makes those RT schedules attractive 
for both patients and health care providers and would 
have a significant impact on daily RT practice around 
the world, as it would accelerate patient turnover and 
save health care resources. However, in hypofraction-
ated RT, a higher (than the conventional 1.8-2 Gy) 
dose per fraction is given and should be managed with 
caution as it could result in a higher rate of late post-
radiation effects in breast, heart, lungs and the brachial 
plexus. It is therefore advisable that both possible dose 
inhomogeneity and normal tissue protection should be 
taken into account and the appropriate technology such 
as three-dimensional/intensity modulated radiation 
therapy employed in clinical practice, when hypofrac-
tionation is used.

© 2010 Baishideng. All rights reserved.

Key words: Breast conservation; Early breast cancer; 
Hypofractionation; Radiotherapy

Peer reviewers: Volker Rudat, Professor, Department of Ra-
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ate Clinical Professor, Department of Oncology, University of 
Alberta, Cross Cancer Institute, 11560 University Avenue, Ed-
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Plataniotis G. Hypofractionated radiotherapy in the treatment of 
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from: URL: http://www.wjgnet.com/1949-8470/full/v2/i6/197.htm  
DOI: http://dx.doi.org/10.4329/wjr.v2.i6.197

INTRODUCTION
Breast-conserving therapy is a widely accepted treatment 
in the management of  early breast cancer. It includes 
wide local excision of  the tumor followed by radio-
therapy (RT) to the breast (and of  course the necessary 
treatment for lymph-drainage areas). The major benefit 
of  breast-conserving therapy is preservation of  the af-
fected breast with all the consequent advantages in terms 
of  patient quality of  life. Large randomized trials have 
demonstrated the equivalence of  this therapy, compared 
to mastectomy, in terms of  long-term disease-free and 
overall survival rates[1,2]. Conventional RT after breast-
conserving surgery requires 6-7 wk of  daily treatment. 
The most widely used schedule is 50 Gy in 25 fractions  
(2 Gy per fraction) over 5 wk plus 3-8 fractions to boost 
the dose on the tumor bed[1,2]. Such a long treatment 
schedule has major implications on both patient quality 
of  life and RT departments, as a high number of  breast 
cancer patients receive RT. A shorter breast RT sched-
ule would be more convenient for patients (especially 
those coming from remote areas to RT facilities) and for 
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health care providers, as it would increase the turnover 
in RT departments. The use of  a 16-fractions, instead 
of  a 25-fractions regime, for instance (see below), would 
save 900 treatment sessions per 100 patients (2500 - 1600 
= 900). This corresponds to an additional 56 (900:16) 
patients who could be treated with the same number of  
fractions. This would result in substantial economic ben-
efit as breast cancer patients represent the majority of  
patients treated in RT departments.

Radiobiology and Fractionation 
A broad variety of  RT schedules, hypofractionated or 
not, have been used in clinical practice, but there is no 
consensus on the optimum fractionation. A survey of  
Ontario RT centres alone identified 48 different dose 
fractionation schedules[3].

However, there are some reservations regarding the 
shorter RT schedules[4] with a high (> 2 Gy) dose per 
fraction, which are mainly related to the theoretically ex-
pected higher rate of  late post-radiotherapy complications. 
With conventional fractionation, the Early Breast Cancer 
Trialists’ Collaborative Group reported that radiation 
therapy reduced the annual mortality from breast cancer 
by 13%, but increased the annual mortality rate from 
other causes (mainly cardiovascular causes) by 21%[5]. Data 
from long-term follow-up on late lung and cardiac mor-
bidity and survival rates has yet to emerge for the current 
hypofractionation schedules, as the cardiac adverse effects 
may not emerge until 15 years after treatment. However, 
hypofractionation studies and clinical results reported so far 
do not suggest a higher risk of  late reactions.

Radiation oncologists are generally sceptical about us-
ing a RT regime with a higher than the standard (1.8-2 Gy)  
dose per fraction. One of  the main principles of  radiobi-
ology is that the late effects of  normal tissues are strongly 
dependent on the size of  dose per fraction, so that the 
higher the dose per fraction the greater the susceptibility 
of  healthy tissues to radiation. This is known as “frac-
tionation sensitivity”. Fractionation sensitivity of  tissues 
is quantified, in terms of  linear-quadratic (LQ) isoeffect 
formulation, by the α/β ratio[6,7]; the higher the sensitivity 
to the size of  dose per fraction, the lower the α/β ratio is. 
Late reacting normal tissues (connective tissue, neural tis-
sue, etc.) have an α/β ratio of  about 1.5-3 Gy. Late post-
radiation effects of  breast are fibrosis, oedema, tender-
ness, telangiectasia and a combination of  these effects, in 
addition to impaired cosmesis and have an α/β = 3 Gy[6,7]. 
We should mention here that for the assessment of  late 
post-radiation effects on the treated breast, most authors 
take photographs post-surgery and pre-radiotherapy and 
then at predetermined times, e.g. 2 and 5 years to assess 
changes to the breast based on change in size, shrinkage, 
and shape. Scoring on a 3 or 4 graded scale is carried out 
in most studies. Changes in breast appearance may be 
scored by more than one observer usually blind to the 
treatment arm and year of  follow-up. 

It has to be mentioned that this discussion on hypof-

ractionation does not apply to treatment of  lymphatic 
pathways due to the very high fractionation sensitivity of  
the brachial plexus (neural tissue). Acute radiation reac-
tions in normal tissues such as the skin or mucosa and 
squamous-cell carcinomas have an α/β ratio of  10 Gy[6,7]. 
It has been shown by radiobiological analysis of  clinical 
data, that breast adenocarcinomas have an α/β ratio of  
around 4 Gy, i.e. close to late reacting normal tissues[8-11]. 
Consequently, hypofractionation in breast cancer may 
have a reasonable radiobiological background as more 
tumor cells will be killed by a high dose per fraction 
compared with the conventional 2 Gy per fraction, and 
would potentially compensate for repopulation of  tumor 
cells during RT.

Establishment of dose-response
However, this may be difficult to prove because the local 
control rates in early breast cancer with radiation therapy 
are already high, and in breast cancer in particular, there 
are a number of  factors that might influence the results 
of  a RT treatment schedule or a relevant clinical study. 
Therefore, it is difficult to establish a dose-response 
relationship in postoperative breast RT, that may be rela-
tively higher than other solid tumors due to the follow-
ing[12]: (1) An unknown proportion of  patients have no 
residual cancer cells after surgery, whereas others have 
a subclinical (microscopic) number of  residual tumor 
cells that must be eradicated by radiation[12-14]. This is 
an inherent problem when analyzing the results of  any 
adjuvant therapy; (2) Dose-escalation studies are usually 
lacking; information should be taken from randomized 
controlled studies on RT vs no RT which have used a 
narrow range of  RT schedules and doses; and (3) There 
are a number of  factors that may affect the homogene-
ity of  clinical data in existing randomized trials: biologic 
aggressiveness of  the treated tumors (ranging from el-
derly patients with T1N0, Grade 1 hormone receptor-
positive tumors to women with multiple positive nodes, 
hormone receptor-negative, HER2-positive tumors), 
variable surgical techniques and skills among centres, 
variable chemotherapy/endocrine regimes and RT tech-
niques. Additionally, local recurrence could be the result 
of  re-growth of  tumor at the initial tumor bed, or of  tu-
mor in the same breast but outside the initial tumor bed 
from cells existing at the time of  initial treatment, or the 
development of  a new tumor in the same breast.

In our recent study[12], we attempted to estimate a 
biologically effective dose (BED)-response for adjuvant 
breast RT in early-stage breast cancer. Clinical results from 
nine randomized trials (involving more that 6200 patients) 
of  RT vs non-RT were reviewed and the tumor control 
probability (TCP) after RT was calculated for each. We 
used the LQ formula and Poisson statistics of  cell-kill[15-17] 
to calculate the average initial number of  clonogens per 
tumor before RT and the average tumor cell radiosensitiv-
ity[6,15-17]. An α/β ratio of  4 Gy was assumed[8-11] for these 
calculations.
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A linear regression equation linking BED to TCP was 
derived {equation: -ln[-ln(TCP)] = -ln(No) + a * BED = 
-4.08 + 0.07 * BED} and a sigmoid BED-response curve 
was constructed. We concluded that TCP is essentially 
maximizing for BED values of  about 90 Gy4. An exam-
ple of  a BED of  85-90 Gy4 could be a regimen of  40 Gy 
in 15 fractions plus a boost of  10-12 Gy in 3-4 fractions. 

Review of clinical studies
Clinical reports from various centres have shown almost 
equivalent results between short and standard RT sched-
ules[9-11,18-27], and it would be interesting to have an over-
view of  the current situation in this field. 

In a well-known randomized trial from Canada, Whelan 
et al[18] reported equivalent results (regarding local control, 
survival, and post-radiation effects) between the standard 
fractionation schedule of  50 Gy in 25 fractions and a hypo-
fractionated scheme of  42.5 Gy in 16 fractions over 22 d  
for women with node-negative early breast cancer. This 
study has been updated recently and, most importantly, 
results have not changed after a 10-year follow-up[19]. How-
ever, the potential limitations of  this study are as follows: 

The trial was restricted to women who had node-
negative, invasive breast cancer with clear margins of  
excision after lumpectomy; women with large breasts 
were not included; few women received adjuvant chemo-
therapy and we should bear in mind that those patients 
can be at a higher risk for acute and late post-radiation 
effects; boost irradiation was not used, as by the time the 
study was initiated, the efficacy of  boost irradiation had 
not been demonstrated[19] and was later shown in studies 
from Europe[28,29]. However, boost irradiation was used 
in both Standardization of  Breast Radiotherapy (START) 
trials (see below), and adjuvant chemotherapy was used 
more widely than in this trial. In addition, a broader 
spectrum of  tumors and patients (node-positive, larger 
tumors, no limitation of  breast size) were included, but 
no differences have been noted in tumor control and 
side-effects between standard and short treatments in 
those trials so far.

Another short RT schedule, 40 Gy in 15 fractions, has 
been used traditionally at Christie Hospital in Manches-
ter, UK; the reported results of  2159 treated patients are 
comparable to those reported from other centres[21,22]. 
This schedule is now becoming the “standard” in the UK, 
especially after the publication of  the START trials. 

The START A trial randomized 2236 patients from 
17 centres across the UK and reported that 41.6 Gy/13 
fractions or 39 Gy/13 fractions are similar to 50 Gy/25 
fractions in terms of  local-regional tumor control and 
late normal tissue effects. The START A trial[9] showed 
that after a median follow-up of  5.1 years, the rate of  
local-regional tumor relapse at 5 years was 3.6% [95% 
confidence interval (CI): 2.2%-5.1%] after 50 Gy, 3.5% 
(95% CI: 2.1%-4.3%) after 41.6 Gy, and 5.2% (95% CI: 
3.5%-6.9%) after 39 Gy. The estimated absolute differ-
ences in 5-year local-regional relapse rates compared 
with 50 Gy were 0.2% (95% CI: -1.3%-2.6%) after 41.6 

Gy and 0.9% (95% CI: -0.8%-3.7%) after 39 Gy. Pho-
tographic and patient self-assessments suggested lower 
rates of  late adverse effects after 39 Gy than with 50 Gy. 
The results have shown that breast cancer and late react-
ing normal tissues respond similarly to change in RT 
fraction size. 41.6 Gy in 13 fractions was similar to the 
control regimen of  50 Gy in 25 fractions in terms of  lo-
cal-regional tumor control and late normal tissue effects. 

The START B trial[10] randomized 2215 patients from 
23 centres across the UK and reported that a RT sched-
ule of  40 Gy/15 fractions offers equivalent results to the 
standard schedule of  50 Gy/25 fractions. After a median 
follow-up of  6.0 years, the rate of  local-regional tumor 
relapse at 5 years was 2.2% (95% CI: 1.3%-3.1%) in the 
40 Gy group and 3.3% (95% CI: 2.2%-4.5%) in the 50 Gy 
group. Photographic and patient self-assessments indi-
cated lower rates of  late adverse effects after 40 Gy than 
after 50 Gy. Although the START trials had a relatively 
limited follow-up time and differences in their design (in-
clusion criteria) compared with the Canadian trial, their 
results were similar. 

Our early experience from the routine use of  the 
above “Canadian” schedule of  hypofractionated breast 
RT (42.5 Gy in 16 fractions) has been reported recently[30]. 
We reported on 339 patients treated for 4 years. An elec-
tron boost of  9-10 Gy/3-4 fractions was given to 104/339 
patients (31%). Median follow-up time was 24 mo (range: 
12-48 mo). Radiation Therapy Oncology Group (RTOG) 
grades 0, 1, 2, 3, and 4 for acute skin toxicity were 9.7%, 
68.7%, 17.5%, 4.0%, and 0.3%, respectively. Radiation 
pneumonitis (promptly resolved by steroids) was sus-
pected/diagnosed in 11/339 patients (3.2%). A total of  
8/11 patients had been treated with RT at regional lymph-
drainage areas. The only significant correlation was that 
of  radiation pneumonitis and RT of  regional lymphatics. 
Two patients developed metastatic disease and died 14 and 
27 mo after RT; another four patients developed metasta-
ses; bone metastases developed in two patients, and liver, 
lung, brain plus regional recurrence (axilla, supraclavicular) 
in two patients.

Other non-randomized studies have reported simi-
lar results. Fujii et al[23] reported acceptable results in 
terms of  local control and toxicity (although the median 
follow-up of  this study was 26 mo) with a short frac-
tionation schedule of  42.5-47.8 Gy/16-20 fractions. In 
another study from the University of  Florence, Italy, Livi 
et al[26] reported similar results in 539 patients. 

A schedule of  40 Gy in 16 (not 15) fractions in post-
lumpectomy invasive breast cancer patients (with clear 
tumor margins) has shown similar results with a 5-year 
actuarial breast-relapse rate of  3.5%, while more that 
95% of  the patients were satisfied with cosmetic results 
after a median follow-up of  5.5 years[27].

The limits of hypofractionation 
in breast RT
Another study from the UK, investigating the “limits of  
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hypofractionation in breast RT” is the FAST trial involv-
ing 900 patients across the UK (FASTer Radiotherapy 
for breast cancer patients). This trial is testing 30 Gy in 
5 fractions (6 Gy/fraction) over 35 d (5 wk) vs 28.5 Gy 
(5.7 Gy/fraction) over 35 d vs 50 Gy in 25 fractions over 
35 d (control arm). The trial has ceased recruiting patients 
and follow-up is ongoing. In the FAST trial, the women 
being studied are those with completely excised invasive, 
less than 3 cm, node-negative carcinoma of  the breast 
who underwent breast-preserving surgery and who are 
older than 49 years[31,32]. In this trial, five fractions of  RT 
are given in 5 wk (one fraction per week), however, this is 
thought unlikely to represent the “ultimate” hypofraction-
ation. The next step would be to investigate the 30 Gy/ 
5 fractions regime given over a shorter time period. 

The same fractionation schedule has also been tested 
clinically with an overall treatment time of  2 wk[33]. The 
authors evaluated erythema and moist desquamation in 
30 patients receiving 30 Gy in five fractions over 15 d. 
Grading of  skin reactions using RTOG criteria resulted 
in: 3% grade 0, 67% grade 1, 30% grade 2 and no grade 
3 or 4 toxicity. Moist desquamation developed in 4/30 
patients (13%). There was some evidence that the risk 
of  acute skin reactions and change in breast appearance 
(photographically assessed) increased with larger breast 
size, but the small sample size prevented formal statisti-
cal testing. No recurrences were seen after a median fol-
low-up of  3 years. This very short regime showed similar 
skin toxicity results to the RTOG trial (RTOG 97-13): 
7% grade 0, 58% grade 1, 32% grade 2, 3% grade 3 and 
no grade 4 acute skin toxicity[34]. A correlation between 
breast size and acute toxicity was reported in the RTOG 
97-13 study, with small-breasted women developing 
11%-21% grade 2 or higher skin toxicity compared with 
43%-50% in large-breasted women.

A further step would be to shorten the RT schedule 
into 1 wk i.e. to study a 5-fractions RT schedule given 
over 5 consecutive days. Such a schedule would have sig-
nificant clinical/practical implications as it would allow 
RT to be integrated more effectively with surgery and 
systemic therapies, and it could be used for partial breast 
RT [see below, Accelerated Partial Breast Radiotherapy 
(APBI)].

RT equipment and dose 
fractionation
An important tool in the implementation of  hypo-
fractionated RT in early breast cancer is the currently 
available (in most RT departments in Europe and the 
US) equipment which obtains a better RT dose distribu-
tion i.e. both homogeneous within the planning target 
volume and sparing neighbouring normal tissues and 
organs. Three-dimensional treatment planning allows 
the distribution of  the prescribed dose to be evaluated. 
Dose to the heart and lungs can also be evaluated. This 
information can be used to optimize the treatment plan 
accordingly, by the use of  techniques such as intensity 

modulated radiation therapy (IMRT). There is now evi-
dence that such an improvement in dose distribution 
translates into improved clinical outcome. This improve-
ment in RT planning and delivery would favour hypo-
fractionated RT schedules as it would prevent normal 
tissues receiving a higher (than the prescribed) dose per 
fraction and total dose[35,36].

A randomized trial from the Royal Marsden Hos-
pital tested three-dimensional (3D) IMRT against 2D 
dosimetry using standard wedge compensators, regard-
ing late reactions after whole breast RT. The primary 
endpoint was change in breast appearance and second-
ary endpoints were patient self-assessments of  breast 
discomfort, breast hardness, quality of  life and physician 
assessments of  breast induration. The 2D-arm patients 
were 1.7 times more likely to have a change in breast ap-
pearance than the IMRT-arm patients (95% CI: 1.2-2.5, 
P = 0.008). Significantly fewer patients in the 3D IMRT 
group developed palpable breast induration. No sig-
nificant differences between the treatment groups were 
found with regard to patient reported breast discomfort, 
breast hardness or quality of  life[36].

Another technique that could make breast RT courses 
shorter is APBI, which is defined as a radiation technique 
that employs fractions higher than 1.8-2.0 Gy per day to 
a partial volume of  the breast over a period of  less than 
5-6 wk[37]. The rationale of  this technique is to treat the 
lumpectomy cavity and an adjacent margin of  1-2 cm as 
the majority of  breast recurrences are diagnosed within 
this volume. The techniques for APBI include intersti-
tial implantation of  radioactive needles, MammoSite 
(the MammoSite system employs a dual lumen spherical 
balloon-catheter which is placed in the surgical cavity and 
filled with water; a high-dose-rate Iridium-192 source in 
the central lumen delivers the RT in 10 fractions over 5 d), 
targeted intraoperative therapy, intraoperative electrons 
and photon beams with 3D conformal/IMRT techniques. 
Further description of  the rationale and techniques of  
APBI is beyond the scope of  the present discussion, how-
ever, there are interesting reviews on this method[38,39].

A randomized trial, in progress in the UK, testing 
intensity modulated RT and partial organ RT following 
breast-conserving surgery for early breast cancer, is the In-
tensity Modulated Partial Organ Radiotherapy (IMPORT) 
trial; the control arm of  this trial is: current standard 3-wk 
RT to the whole breast. Test arm one is: reduced RT to 
the whole breast (lower-risk areas for recurrence) with 
standard RT to the partial breast, in the sites of  higher risk 
for recurrence and test arm two: standard RT to the par-
tial breast only (IMPORT Low-risk study). To test dose-
escalated IMRT after breast-conserving surgery in women 
with a higher than average risk of  local recurrence, the 
IMPORT-high trial is also in progress[40,41]. 

Conclusion
In conclusion, hypofractionated RT after breast-conserv-
ing surgery for early breast cancer could have a significant 
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impact in breast oncology and breast cancer patients. Data 
from randomized trials and the experience from various 
departments worldwide are encouraging. However, in 
addition to clinical experience and expertise, appropriate 
advanced RT equipment and techniques are fundamental 
in the clinical application of  hypofractionated breast RT. 
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Abstract
As a result of many advantages such as the absence of 
radiation exposure, non-invasiveness, low cost, safety, 
and ready availability, transthoracic ultrasonography 
(TUS) represents an emerging and useful technique in 
the management of pleural and pulmonary diseases. In 
this second part of a comprehensive review that deals 
with the role of TUS in pleuropulmonary pathology, the 
normal findings, sonographic artifacts and morphology 
of the most important and frequent pulmonary diseases 
are described. In particular, the usefulness of TUS in di-
agnosing or raising suspicion of pneumonia, pulmonary 
embolism, atelectasis, diffuse parenchymal diseases, 
adult and newborn respiratory distress syndrome, lung 
cancer and lung metastases are discussed, as well as its 
role in guidance for diagnostic and therapeutic interven-
tional procedures. Moreover, the preliminary data about 
the role of contrast enhanced ultrasonography in the 
study of pulmonary pleural-based lesions are also report-
ed. Finally, the limits of TUS when compared with chest 
computed tomography are described, highlighting the 
inability of TUS to depict lesions that are not in contact 
with the pleura or are located under bony structures, 
poor visualization of the mediastinum, and the need for 
very experienced examiners to obtain reliable results.

© 2010 Baishideng. All rights reserved.

Key words: Ultrasonography; Pleural diseases; Lung dis-
eases

Peer reviewers: Jai Soung Park, MD, PhD, Professor, Depart-
ment of Radiology, Soonchunhyang University Buchen Hospital, 
1174 jung-dong, Wonmi-gu, Bucheon, Gyeonggi-do 420-767, 
South Korea; Ritesh Agarwal, MD, DM, MAMS, FCCP, Assis-
tant Professor, Department of Pulmonary Medicine, Postgraduate 
Institute of Medical Education and Research, Sector-12, Chandi-
garh 160012, India

Sartori S, Tombesi P. Emerging roles for transthoracic ultra
sonography in pulmonary diseases. World J Radiol 2010; 2(6): 203
-214  Available from: URL: http://www.wjgnet.com/1949-8470/full/
v2/i6/203.htm  DOI: http://dx.doi.org/10.4329/wjr.v2.i6.203

INTRODUCTION
In the first part of  this review on the role of  transtho-
racic ultrasonography (TUS) in the diagnostic workup of  
pleuropulmonary pathology, we described the ultrasound 
equipment, examination technique and limits of  TUS, as 
well as the normal findings and artifacts that originate at 
the boundary between the pleura and the normally aerated 
lung pleura (i.e. the pleural line, gliding sign, horizontal 
reverberation artifacts, and comet-tail artifacts)[1]. 

In this second part of  the review, we deal with the 
pathological lung. Indeed, as a consequence of  its non-in-
vasiveness, TUS can be very useful in lung pathology and 
can be used for the diagnosis of  lung diseases and moni-
toring progress of  sonographically visible processes, thus 
avoiding radiation exposure. Moreover, the relatively low 
cost and wide availability of  standard conventional ultra-
sound machines, as well as the increasing use of  modern 
portable devices, allow examination at almost any location 
and at any time. This makes TUS a valuable tool in many 
difficult situations, such as in an ambulance, emergency 
room, or directly at the bedside of  critically ill patients. 
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Pulmonary pathology can be divided into diffuse in-
terstitial (or parenchymal) lung diseases and peripheral or 
subpleural lung diseases. Peripheral or subpleural diseases 
commonly appear as pleural-based consolidations, where-
as the presence of  diffuse interstitial syndromes can be 
inferred by the detection of  different artifacts with respect 
to normal lung. In particular, multiple comet-tail artifacts 
departing from the pleural line (much more numerous and 
diffuse than in the normally aerated lung) and ring-down 
vertical artifacts (characterized by a series of  hyperechoic 
narrow-based bands spreading from the pleural line into 
the lung) can be visualized in these cases[2-8]. Interstitial 
lung diseases include pulmonary edema (due to heart 
failure, trauma, or inflammation) and interstitial fibrosis. 
Peripheral diseases with peculiar consolidation aspects 
are common in pneumonia, atelectasis, and pulmonary 
infarction. Adult respiratory distress syndrome (ARDS) 
generally shows mixed TUS features. Finally, neoplastic 
lesions that abut the pleura (both primary neoplasms and 
metastases) usually appear as hypoechoic, sometimes in-
homogeneous, non-aerated masses. 

PULMONARY DISEASES
For the purposes of  this article, the main pulmonary 
diseases are divided into diffuse parenchymal pulmonary 
diseases, infection diseases, peripheral pulmonary artery 
embolisms and pulmonary infarction, atelectasis, adult and 
newborn distress respiratory syndrome, bronchopulmo-
nary tumors and pulmonary metastases.

Diffuse parenchymal lung diseases
Diffuse parenchymal lung diseases (DPLDs) can be di-
vided into those of  known cause (e.g. collagen vascular 
disease), idiopathic interstitial pneumopathy (idiopathic 
and non-idiopathic pulmonary fibrosis), granulomatous 
(e.g. sarcoidosis), and other forms[9,10]. High-resolution 
computed tomography (HRCT) should be considered the 
gold standard technique to diagnose DPLD, and many 
other noninvasive and invasive procedures concur in clini-
cal practice to define and characterize DPLD, such as chest 
radiography, laboratory and serological tests (e.g. angioten-
sin-converting enzyme and antinuclear antibodies), pulmo-
nary function testing, bronchoscopy with bronchoalveolar 
lavage, and transbronchial lung biopsy. However, some 
studies have demonstrated that TUS, as a consequence 
of  its well-known advantages (absence of  radiation expo-
sure, ready availability, and cost-effectiveness), can play a 
complementary role in the diagnosis of  DPLD, especially 
when chest radiography or HRCT are not readily available 
or undesirable, for instance during pregnancy[9,10]. More-
over, TUS can be useful in monitoring the course of  the 
disease in patients with confirmed DPLD (thus avoiding 
unnecessary overload of  radiation exposure), and confirm-
ing the clinical-radiological suspicion of  acute pulmonary 
edema due to heart failure, trauma, or inflammation. In-
deed, radiological evidence of  ground glass areas that are 
suggestive of  pulmonary edema has often been associated 
with the presence of  sonographic artifacts, such as mul-

tiple comet-tail artifacts and vertical ring-down artifacts. 
Likewise, typical radiological findings and corresponding 
sonographic findings can be observed in fibrosing pulmo-
nary disease. Fibrosis usually involves the pleural surface 
as well as the intralobular and interlobular septa, therefore, 
thickened subpleural intralobular and interlobular septa, 
and ground glass areas, represent common findings at ra-
diological examination[11]. In the same setting, TUS enables 
one to document multiple ring-down artifacts (Figure 1) 
and comet-tail artifacts that depart from a thickened and 
irregular pleural line (Figure 2). Indeed, in patients with 
diffuse alveolar-interstitial syndrome, multiple comet-tail 
artifacts can be observed all over the lung surface, and 
this finding has been reported to have high sensitivity. 
In a study of  Reissig et al[9], almost all the patients with 
DPLD showed more than six comet-tail artifacts per scan 
associated with an irregular and fragmented pleural line. 
Comet-tail artifacts become visible when there is a marked 
difference in acoustic impedance between an object and 
its surroundings (as happens at the boundary between the 
pleural surface and the lung), which demarcates the edge 
of  the normally aerated lung. These artifacts are best vis-
ible under real-time conditions, as they might appear less 
pronounced on frozen sonograms, which makes quantifi-
cation of  the alterations difficult. Lichtenstein et al[3] have 
attributed the origin of  the comet-tail artifacts to the thick-
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Figure 1  Ring-down artifacts, characterized by a series of hyperechoic, 
narrow-based bands spreading from the pleural line into the lung.

Figure 2  Pulmonary fibrosis. Multiple comet-tail artifacts departing from a 
thickened and irregular pleural line.
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ening of  the subpleural interlobular septa, which would 
cause fragmentation of  the pleural reflector at the points 
of  greatest impedance. However, it must be highlighted 
that pleural alterations and multiple comet-tail artifacts are 
nonspecific TUS features. They might also occur in pa-
tients with chronic obstructive lung disease, bronchiolitis 
obliterans-organizing pneumonia, and pulmonary alveolar 
proteinosis, as well as after pneumonia and pulmonary em-
bolism. Some authors have suggested that the number of  
comet-tail artifacts is smaller and the affected area is more 
localized in these conditions[8,9,12]. In DPLD, these abnor-
malities are commonly detected on both sides of  the lung, 
which reflects the diffuse fibrosing process, and corre-
sponds to the findings on HRCT. However, the degree of  
the pleural involvement can vary within the same patient, 
and usually a thickened and fragmented pleural line with 
multiple comet-tail artifacts is better detectable in the lower 
part of  the lung, which reflects the extent of  the fibrosis. 
In conclusion, although diagnosis of  DPLD requires chest 
radiography, HRCT, and often bronchoalveolar lavage and 
transbronchial biopsy, TUS can play some complementary 
role in the diagnostic workup. Multiple comet-tail artifacts 
distributed over the entire lung surface in combination 
with a thickened, irregular and fragmented pleural line are 
strongly suggestive of  the presence of  DPLD.

Infectious diseases 
As previously described, peripheral pulmonary lesions in 
contact with the visceral pleura can easily be visualized 
by TUS[1,2,13-15]. However, the part of  consolidation that 
can be visualized with TUS is generally smaller than that 
documented by chest radiography or CT, because just the 
areas on the level of  the pleura can be detected. Indeed, 
at present pneumonia is mostly diagnosed by X-ray, and 
CT is considered the gold standard for the diagnosis of  
infectious lung diseases. However, in the case of  a chest 
X-ray on only one plane, or in the case of  a patient in the 
lying position, the summation image often cannot provide 
exact information. As concerns CT, its use is limited by 
the high radiation exposure and cost. TUS shows several 
advantages, such as its feasibility, low cost, and the possi-
bility of  monitoring disease progress, because it can either 
document resolution or detect complications such as lung 
abscesses, parapneumonic effusion, empyema, and pleural 
fibrosis. Moreover, TUS is the method of  choice to guide 
transthoracic aspiration or drainage of  pleural effusion, 
empyema, and pulmonary abscesses in contact with the 
pleura, playing a very useful role in both diagnosis and 
treatment of  infectious diseases and their complications. 
In this regard, TUS has recently been reported to be as 
effective as chest CT in detecting loculated effusion and 
lung necrosis or abscess that results from complicated 
pneumonia in children[16]. As a consequence of  its efficacy, 
reliability, and minimal radiation exposure, TUS has been 
recommended by the British Thoracic Society guidelines 
for the management of  pediatric empyema as the first-line 
approach for detecting pleural effusion and guiding drain 
placement in children[17]. 

In this section, TUS findings in pneumonia, lung 
abscesses, and tuberculosis are described. Pneumonia is 
commonly visualized by TUS as a hypoechoic consolidat-
ed area of  varying size and shape, with irregular borders. 
The echotexture can appear homogeneous or inhomo-
geneous[14-18]. The most common sonographic feature of  
pneumonia is the air bronchogram, which is characterized 
by lens-shape internal echoes within the hypodense area 
or echogenic lines (Figure 3), and corresponds to air in-
clusions or air-filled bronchioles and bronchi. Conversely, 
the fluid bronchogram is characterized by anechoic or hy-
poechoic tubular structures in the bronchial tree (Figure 4),  
without perfusion signs inside at color Doppler examina-
tion[1,2,13,19-21]. This feature suggests post-stenotic pneu-
monia that requires further investigation. Besides these 
common findings, some pleural signs are often present 
in infectious disease, as well as some vascular features[18]. 
The pleural line can appear interrupted, fragmented, and 
hypoechoic where the pneumonic infiltrate is present. A 
local pleural effusion occurs in about 9% of  patients with 
pneumonia, and a basal pleural effusion appears in about 
60% of  patients[22]. As concerns vascular criteria, color 
Doppler sonography can show increased branch-like vessel 
visualization that corresponds to the segment branches of  
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Figure 3  Pneumonia. Posterior intercostal scan shows a hypoechoic con
solidated area that contains multiple echogenic lines that represent an air 
bronchogram (arrows).

Figure 4  Post-stenotic pneumonia. Posterior intercostal scan shows a 
hypoechoic consolidated area that contains anechoic, branched tubular structures 
in the bronchial tree (fluid bronchogram) (arrows).
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the pulmonary artery. Contrast-enhanced ultrasonography 
(CEUS) of  pneumonia usually shows a short wash-in pe-
riod during the arterial phase and a prolonged and marked 
degree of  contrast agent accumulation during the paren-
chymal phase in the case of  classic pneumonia (Figure 5)[18]. 
These findings suggest preferential pulmonary arterial vas-
cularization, as reported by some authors[23-26]. CEUS can 
also be helpful to detect complications like sequestration, 
to demarcate surrounding fluid (Figure 6), and to achieve 

a possible differential diagnosis with respect to pulmonary 
infarction and malignant lesions, which show different 
CEUS patterns, as described in the respective sections of  
this review.

Lung abscesses typically appear as round or oval, large-
ly anechoic lesions[14,18]. In the early stage, small abscesses 
are visible as a pathological collection of  fluid irregularly 
settled in a consolidated, liver-like infiltrate (Figure 7). Mi-
croabscesses are often visible as anechoic areas within the 
pneumonic consolidation. Commonly, a small pleural ef-
fusion is associated with lung abscesses. Depending on the 
capsule formation, the edge of  the abscess can be smooth 
and echodense (Figure 8A). At CEUS evaluation, lung 
abscesses show lack of  contrast agent uptake (Figure 8B) 
and this finding can be particularly useful in the detec-
tion of  microabscesses, and in the differential diagnosis 
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Figure 5  Contrast-enhanced ultrasonography of pneumonia. A: Baseline scan shows a hypoechoic consolidated area; B: Seven seconds after iv bolus of contrast 
agent, the lesion shows marked and homogeneous enhancement; C: The lesion remains substantially unmodified after 90 s.

Figure 6  Contrast-enhanced ultrasonography evaluation of pneumonia 
with pleural effusion. Baseline scan shows parenchymal consolidation with air 
bronchogram (arrows) and subtle surrounding effusion (arrowheads) (left side of 
the split-screen). After iv bolus of contrast agent, the consolidation is enhanced 
and better demarcated from the effusion (right side of the split-screen).

Liver

Diaphragm
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Figure 7  Pneumonia complicated by abscesses. Multiple small collections of 
fluid are irregularly settled in a consolidated liver-like infiltrate. Loc: Loculation; 
Microloc: Microloculation.
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Figure 8  Lung abscess. A: An anechoic oval lesion is surrounded by an 
echodense capsule; B: After iv bolus of contrast agent, the lesion shows no 
contrast agent uptake, whereas the capsule is strongly enhanced.



between lung abscesses and malignant lesions[18,23]. The 
presence of  air inside the lesion produces high amplitude 
echoes, and highly echogenic small air inclusions moving 
in the fluid with breathing can be observed especially in 
the case of  abscesses due to gas-producing microorgan-
isms, or in the case of  connection to the bronchial system 
(Figure 9). If  septa develop inside the lesion, they are vi-
sualized as echodense, fluttering threads. 

Tubercular lung lesions appear as round or irregularly 
shaped lesions and show a relatively homogeneous texture. 
Depending on the size, air inclusions can be visible inside 
the lesions, but a pronounced air bronchogram, as in the 
case of  pneumonia, is only rarely present. Miliary tubercu-
losis is characterized by multiple subpleural nodules several 
millimeters in size. Pleural effusions often occur at the 
beginning of  the disease. Frequently, an initially anechoic 
pleural effusion shows internal echoes over the course 
of  the disease, and pleural thickening is often associated. 
However, no specific TUS pattern of  pulmonary tubercu-
losis can be identified, and no definitive CEUS data have 
been reported in the literature.

Peripheral pulmonary artery embolism and pulmonary 
infarction
Chest radiography is still considered the first diagnostic 
step in patients with suspected pulmonary embolism (PE). 
It can show infiltrates, atelectasis, and effusion, but such 
features represent just the consequence of  PE on the pe-
riphery and are nonspecific, because the central embolism 

cannot be visualized. Consequently, ventilation-perfusion 
scintigraphy and CT angiography are needed to confirm 
the diagnosis[27]. However, the Prospective Investigation 
of  Pulmonary Embolism Diagnosis Study has shown 
that ventilation-perfusion scintigraphy is not sufficiently 
conclusive. In that study, high-probability scans resulted in 
detection in only a minority of  patients with PE, whereas 
PE was present in 12% of  patients with low-probability 
scans[28]. In recent years, CT pulmonary angiography 
(CTPA) has been established as the method of  choice for 
the diagnosis of  central PE up to the level of  the segmen-
tal arteries, because it enables one to show the thromboem-
bolic obstruction directly. Spiral CT scanning shows a sen-
sitivity and specificity of  90% in depicting thrombi within 
the central pulmonary vessels, and can reveal characteristic 
consolidations in patients with acute PE[29-31]. Pulmonary 
angiography has long been considered the gold standard 
for diagnosing PE, but nowadays, it is rarely used because 
of  its invasive nature and the risk of  complications[32], and 
it has been almost completely replaced by CTPA. Howev-
er, despite their usefulness, in some circumstances critically 
ill patients may not tolerate any of  these procedures, and 
occasionally, adequate equipment might not be available. 
In these cases, TUS can play some useful roles, because it 
shows the major advantage of  bedside availability in the 
emergency room and in the intensive care unit, and it has 
been reported to have good accuracy in the diagnosis of  
PE[33-35]. The sensitivity of  TUS for PE has been estimated 
to range from 80% to 94%, the specificity from 84% and 
92%, and the overall accuracy from 82% to 91%[33,36,37]. A 
recent meta-analysis has reported sensitivity and specificity 
of  80% and 93%, respectively[38].

Typical sonographic findings in peripheral PE are 
multiple, hypoechoic lesions that are visible at the level 
of  the pleura, which can usually be well demarcated from 
the surrounding parenchyma. About two-thirds of  PE-
based consolidations can be visualized in the dorsal basal 
position for anatomical and hemodynamic reasons, with a 
preference for the right lung. Frequently, the lesions show 
a triangular or wedge shape. In a recent prospective multi-
center study of  352 patients, the sonographic morphology 
was mainly triangular, with the vertex towards the hilum 
of  the lung in 58% of  the cases, and rounded or mixed 
in 42%. In that study, a small pleural effusion was seen 
in 49%, a basal effusion in 33%, and a focal effusion in 
16% of  the cases[34]. The lesions are almost always pleural-
based, are freely subject to respiratory excursions, and their 
size usually exceeds 2 cm in diameter. When the lesions 
are > 3 cm in size, central bronchial echoes can be seen as 
central hyperechoic structures that indicate the presence 
of  air in the affected bronchioles, which is considered a 
sign of  segmental involvement (Figure 10). Lesions visual-
ized on TUS are smaller than on CT angiography because 
of  the presence of  air artifacts at the deeper margins and 
at the top of  the infarct cone, but TUS can depict either 
a larger number of  lesions or smaller lesions than CT 
scan[34]. Although the specificity of  sonographic morphol-
ogy of  the lesions is limited, the detection of  two or more 
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Figure 9  Lung abscess with air inside the lesion. A: High amplitude echoes are 
clearly visible (arrow), as well as multiple echogenic small air inclusions (arrowheads); 
B: Corresponding computed tomography scan shows the same findings.
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triangular or rounded lesions with a pleural base, 0.5-3 cm 
in size, can often represent a confirmation of  clinically 
suspected PE, and the contemporary presence of  a small 
pleural effusion makes the diagnosis of  PE very likely. 

Thromboembolism is often a dynamic event that is 
associated with recurrent embolization and spontane-
ous lysis (besides the pharmacologically induced lysis). 
Moreover, 70%-90% of  emboli are associated with pe-
ripheral pulmonary hemorrhage, the so-called incomplete 
or partial infarction, which can be reabsorbed within a 
few hours or days[34]. Consequently, follow-up imaging 
techniques can document the disappearance of  previously 
depicted pleural-based pulmonary lesions (Figure 11). On 
color Doppler sonography, PE-based peripheral lesions 
do not show flow signals inside, a phenomenon defined 
as “consolidation with little perfusion”[35]. On the other 
hand, recanalization of  incomplete infarction that results 
from anticoagulation treatment or intrinsic lysis can be 
demonstrated by the reappearance of  a blood flow signal 
on follow-up. In addition, a congested thromboembolic 
vessel (vascular sign) might occasionally be visible, and 
corresponds to a pulmonary artery with thickened vessel 
walls around an intraluminal organizing embolus[35]. Cor-
responding to these findings, initial studies in patients with 
confirmed PE have reported that the lesions show a lack 
of  contrast agent uptake in the arterial phase at CEUS 
examination, which suggests the absence of  pulmonary 
arterial blood supply (Figure 12). However, in patients 
with PE and pleural effusion or in those with chronic PE, 
mixed enhancement might be observed[18,23,25].

In conclusion, although CTPA is undoubtedly the 
method of  choice to obtain a definitive diagnosis of  
PE, TUS should be taken into consideration in some 
circumstances, particularly in critically ill patients who 
might not tolerate transport for other imaging modali-
ties. Moreover, even though a negative result does not 
rule out PE, TUS can play a central role in patients with 
presumed PE in cases of  pregnancy, contrast agent al-
lergy, or renal failure. 

Atelectasis
Atelectasis is defined as the absence of  ventilation in part 

of  the lung or the entire lung, and therefore it can be 
visualized by sonography. It can be divided into compres-
sion atelectasis due to voluminous pleural effusion, and 
obstructive or resorptive atelectasis caused by bronchial 
block of  air entry[39]. At TUS examination, compression at-
electasis appears as a largely apneumatic consolidation with 
liver-like echotexture. It shows the shape of  a jelly bag cap, 
and can be monoconcave or biconcave (Figure 13). Typi-
cally, compression atelectasis can be seen floating in the 
effusion like a waving hand, and is partially ventilated dur-
ing breathing. Obstructive atelectasis shows a liver-like and 
inhomogeneous echotexture with secretion-filled bronchi 
(fluid bronchogram) and variable shape (Figure 4). 

The air content inside the consolidation typically does 
not change during inspiration. In patients with alveolar 
consolidations that show air bronchograms, the real-time 
TUS visualization of  bronchograms during breathing 
movements can often enable one to distinguish between 
obstructive atelectasis and pneumonia[39]. The presence of  
the dynamic air bronchogram indicates pneumonia, while 
a static air bronchogram suggests obstructive atelectasis. 
In a recent study by Lichtenstein et al, the dynamic air 
bronchogram showed a specificity of  94% and a sensitiv-
ity of  61%. In the same study, the authors described early 
and late signs suggestive for obstructive atelectasis. Early 
signs included the disappearance of  lung sliding associ-
ated with the presence of  the lung pulse, a cardiac activity 
visible throughout abolished lung sliding, and the pres-
ence of  a standstill cupola that demonstrated the absence 
of  lung expansion. The late sign appeared when the air in-
side the consolidation was progressively absorbed, which 
yielded a loss of  volume of  the lesion with the typical 
static air bronchogram inside[39]. The capability of  TUS to 
detect the air bronchogram represents a major advantage, 
particularly in critically ill patients, because TUS enables 
one to visualize this sign also in ventilated newborns, thus 
reducing the necessity for ionizing radiation exposure. 
Moreover, TUS is probably more accurate than chest radi-
ography in the detection of  air bronchograms[39,40].

Pleural effusion is almost always associated with 
compression atelectasis and frequently with obstructive 
atelectasis. In the case of  compression atelectasis, the ef-
fusion is typically larger compared to that associated with 
obstructive atelectasis. 

At color Doppler evaluation, compression atelectasis 
shows increased branch-like vessel visualization when 
compared to the liver. The corresponding findings at 
CEUS examination include short time to enhancement, 
which indicates predominant pulmonary arterial vascu-
larization, and marked enhancement during the arterial 
and parenchymal phase (Figure 14). In patients with 
compression atelectasis, the contrast agent apparently re-
mains trapped in lung tissue after wash-out of  the blood 
pool, in comparison with splenic enhancement.  In the 
case of  obstructive atelectasis, color Doppler sonography 
almost always shows increased vessel visualization inside 
the consolidation, and this finding can be useful for dis-
tinguishing central space-occupying neoplastic lesions 
from atelectatic lung parenchyma, because tumor tissue is 
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Figure 10  Pulmonary infarction. Posterior intercostal scan shows a triangular-
shaped hypoechoic lesion with central hyperechoic structures that indicate the 
presence of air occupying the affected bronchiole (arrows).
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characterized by minimal representation of  flow signals. 
At CEUS examination, new obstructive atelectasis has 
been reported to show a short time to enhancement, with 
accumulation of  the contrast agent similar to that in the 
spleen, which suggests predominant pulmonary arterial 
vascularization[18,23,25]. However, in a recent study, patients 
with tumor-associated obstructive atelectasis showed dif-
ferent CEUS patterns, including either a marked extent 
of  enhancement and short time to enhancement, or a de-
layed time to enhancement and nearly complete absence 
of  extent of  enhancement[23]. In the patients with central 

lung cancer, the delayed time to enhancement could be 
secondary to transmural tumor growth, with intraluminal 
cell formation in the pulmonary artery branches, with 
consequent obliteration and occlusion of  pulmonary ar-
teries. The presence of  a central tumor can be identified 
and more clearly distinguished from the atelectatic paren-
chyma, because it shows a delayed time to enhancement 
and a reduced extent of  enhancement in comparison with 
the surrounding atelectatic parenchyma.

In both compression and obstructive atelectasis, TUS is 
able to monitor the course of  the disease. In particular, the 
pleural effusion that causes compression atelectasis can be 

Figure 11  Dynamic course of pulmonary infarction. A: Lateral intercostal scan of the right lung shows a typical triangular-shaped peripheral lesion; B: Likewise, 
computed tomography scan of the lateral segment of the lower right lobe shows a triangular pleural-based lesion with the vertex towards the hilum; C: After 40 d, the 
lesion is no longer visible by computed tomography scan; D: The lesion appears reduced in size at transthoracic ultrasonography examination.
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Figure 12  Contrast-enhanced ultrasonography of pulmonary infarction. 
After iv bolus of contrast agent, the lesion (the same one as in Figure 11A) 
shows no contrast agent uptake in the arterial phase, which suggests the 
absence of blood supply.

Figure 13  Compression atelectasis. Posterior intercostal scan shows a liver-
like consolidation with the typical shape of a jelly bag cap surrounded by pleural 
effusion.
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monitored during diuretic treatment, as well as after TUS-
guided aspiration. After effusion puncture, compression 
atelectasis can become smaller or no longer visible, depend-
ing on the capability of  the lung to re-expand. In the case 
of  obstructive atelectasis, aspiration of  pleural effusion can 
result in formation of  a pneumothorax ex vacuo, which can 
be also detected by TUS. 

ARDS and newborn respiratory distress syndrome
CT scanning is traditionally considered the gold standard 
in the evaluation of  both ARDS and newborn respiratory 
distress syndrome (NRDS), and recruitment of  atelectatic 
lung regions after therapy, because it is the only available 
technique that can directly measure the extension of  the 
affected and healthy lung tissue[41-43]. However, TUS en-
ables a dynamic evaluation of  lung recruitment and can 
be easily performed at the bedside. Such ability feature is 
particularly useful in patients affected by ARDS/NRDS 
because they are frequently too instable to be moved to 
the CT room. Moreover, TUS can be repeated as much as 
is needed to monitor the course of  the disease. Although 
at present only few preliminary data have been reported, 
some authors have recently described the important role 
of  TUS in critically ill patients affected by ARDS, as well 
as in NRDS patients[41-44]. 

The main features of  ARDS/NRDS are diffuse alveo-
lar infiltration and lung consolidation. TUS findings de-
pend on the decreased aeration of  the alveoli because of  
atelectasis, so that the ultrasound beam can be transmitted 
further beyond the phreno-pulmonary border into the 
lung parenchyma. Conversely, in normally aerated lungs, 
the ultrasound beam is completely reflected by the phre-
no-pulmonary border. The ultrasound beam is then com-
pletely reverberated by the dilated and aerated bronchioles 
and alveolar ducts, which gives rise to the typical TUS 
pattern of  intense retro-phrenic hyperechogenicity that 
can be observed in patients with ARDS[43,45,46] (Figure 15).  
In a study of  Bober et al[43], 131 newborns with clinical 
signs of  respiratory failure underwent ultrasound exami-
nation, by application of  the transducer in the left and 

right epigastric regions, and scans were obtained through 
the right lobe of  the liver and the spleen. The pattern of  
echogenicity above the diaphragm was observed sequen-
tially during numerous respiratory cycles. Alterations in 
lung aeration suggestive of  NRDS were found in 109/131 
subjects, and the diagnosis was confirmed in 101 cases 
by chest X-ray. TUS showed a sensitivity of  100%, and a 
specificity of  92% in diagnosing NRDS.

Numerous B-lines are typically present in the areas of  
ventilated parenchyma near the consolidation[41,42]. TUS al-
lows the assessment of  lung consolidation adjacent to the 
visceral pleura, but only parenchymal abnormalities adjacent 
to the pleura can be evaluated. However, notwithstanding 
this major limitation, patients with ARDS due to extrapul-
monary causes generally show symmetrical consolidations 
adjacent to the visceral pleura and set behind at the base of  
the lung[41,44]. Dynamic air bronchogram is often present 
within the consolidation, which can help in excluding the 
obstructive origin of  the consolidation and in supporting 
the diagnosis of  ARDS.

Primary lung carcinoma
Although differentiating chronic benign lung consolida-
tions from malignant tumors is difficult at TUS examina-
tion, and further investigations are always mandatory, TUS 
enables one to gather a lot of  information about malig-
nant peripheral lung lesions. Moreover, the capability of  
TUS to guide percutaneous biopsy of  peripheral lesions, 
and its feasibility, as well as the interesting preliminary data 
about CEUS evaluation of  lung lesions[18,23-26], make TUS 
a useful and innovative technique in the study of  pulmo-
nary malignancies.

Peripheral bronchial carcinomas usually appear at TUS 
as round or oval, sometimes polycyclic, hypoechoic con-
solidated lesions, with relatively well delineated borders[14] 
(Figure 16). The lesions can appear both homogeneous 
and inhomogeneous, while air bronchograms typically 
cannot be detected, because solid carcinomas do not 
contain aerated lung parenchyma[14,18]. If  tumor necrosis 
occurs, it can be visualized as a particularly hypoechoic to 
anechoic region within the tumor. CEUS can help to de-

Figure 15  Adult respiratory distress syndrome. Oblique subcostal scan 
through the right lobe of the liver shows the typical transthoracic ultrasonography 
pattern of intense retro-phrenic hyperechogenicity due to complete reverberation 
of the US beam (arrows).

Figure 14  Contrast-enhanced ultrasonography evaluation of compression 
atelectasis. Baseline scan shows a liver-like consolidation surrounded by 
multiloculated pleural effusion (left side of the split-screen). Twelve seconds 
after iv bolus of contrast agent, the consolidation shows marked and 
homogeneous enhancement, whereas pleural effusion shows no enhancement.
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fine better necrotic areas that are depicted as anechoic re-
gions inside the enhanced viable tumor[18,23-26] (Figure 17).  
In some cases, a diffuse or locally infiltrating growth 
can be observed. The infiltrative growth of  solid tissue 
without regard to anatomical structures is characteristic 
of  malignancy. Indeed, only rare inflammatory diseases, 
such as actinomycosis or nocardiosis, can also spread in 
this manner. Typically, malignant consolidations move 
rigidly and do not change their shape during respiration. 
Nevertheless, the gliding sign can still be observed if  the 
tumor has not crossed the visceral pleura. Conversely, 
respiratory excursion can no longer be detected if  the 
tumor infiltrates the thoracic wall. Frequently, the pleural 
line near the lesion appears fragmented or interrupted. 
Malignant lesions that abut the pleura commonly form an 
acute angle with the pleural line, and this finding might be 
helpful in differentiating malignant from benign lesions, 
as described in the first part of  this review[1]. Bronchial 
carcinomas are often accompanied by pleural effusion, 
frequently hemorrhagic, as an expression of  pleural car-
cinomatosis[18]. Pleural metastases from bronchogenic 
carcinoma are usually too small to be detected by imaging 
techniques[1]. However, when their size is large enough to 

allow their visualization by TUS, they appear as hypoecho-
ic nodules attached to the pleura, and are well delimited 
from the pleural effusion[18]. In the case of  central bron-
chial carcinomas, only the atelectasis due to obstruction 
can be identified by TUS[14,39]. For long-lasting obstruction, 
a fluid bronchogram can be observed within the consoli-
dated lung parenchyma. Some preliminary reports have 
suggested that CEUS can often enable one to demarcate 
central tumor lesions from the atelectatic parenchyma, as 
previously described[18,23-26].

A recent review has discussed the role of  TUS in diag-
nosing and staging lung cancer[47]. In particular, the authors 
have stressed the usefulness of  TUS in staging both local 
tumor spread (T) and distant lymph node invasion (N), as 
well as in detecting distant metastases (M). Identification 
of  infiltration of  the thoracic wall results in a change of  
the surgical approach because, in such cases, the affected 
sections of  the thoracic wall must be resected together 
with the primary tumor. In this regard, TUS has been re-
ported to have a significantly higher sensitivity than chest 
CT in diagnosing thoracic wall infiltration (89%-100% vs 
42%-68%)[48,49]. Both direct evidence of  infiltration of  the 
wall structures and rib destruction can be considered TUS 
criteria for infiltration of  the thoracic wall (Figure 18), 
whereas an interruption of  the pleural line and/or limited 
respiratory movement of  the consolidated lesion provide 
a suspicion but not a proof  of  infiltration of  the thoracic 

Figure 16  Peripheral bronchial carcinoma. Posterior intercostal scan shows 
a hypoechoic consolidation with relatively well-delineated borders. The air 
bronchogram is absent.

Figure 17  Contrast-enhanced ultrasonography evaluation of bronchial car
cinoma. Baseline scan shows consolidation with inhomogeneous echotexture (left 
side of the split-screen). Twenty seconds after iv bolus of contrast agent, necrotic 
areas can be depicted as anechoic regions inside the enhanced viable tumor (right 
side of the split-screen).
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Figure 18  Bronchial carcinoma infiltrating the pleural wall. A: Posterior 
intercostal scan shows a hypoechoic lesion accompanied by rib destruction 
(arrows); B: Twenty-four seconds after iv bolus of contrast agent, the lesion 
appears inhomogeneously enhanced; the disrupted rib appears more echogenic 
than the tumor (arrowheads), as a consequence of the incomplete tissue 
suppression due to the strong echogenicity of bone tissue. 
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characterize pulmonary arterial and bronchial arterial lung 
vascularity. Although a definitive differentiation between 
benign and malignant lesions is not yet possible, prelimi-
nary data in the literature support our personal experience 
in suggesting a possible role of  CEUS in the diagnostic 
workup of  patients with pleural-based pulmonary nodules 
of  unknown origin[18,23-26]. Typical CEUS findings in pleural-
based lung cancer are a delayed time to enhancement and 
variable extent of  enhancement (Figure 19), which indicates 
a preferential bronchial arterial supply, which plays a major 
role in the tumor neoangiogenesis of  growing cancer[18,23-26]. 

Pulmonary metastases
The presence of  one or more pulmonary nodules in a pa-
tient with a history of  underlying malignancy is almost al-
ways suggestive of  metastatic disease. Spiral CT scanning is 
the most accurate imaging modality for detecting nodules 
over the entire lung[14,54-56]. TUS presents the limit of  an 
incomplete view of  the lung parenchyma. However, TUS 
enables one to visualize even small peripheral metastatic 
lesions, and represents the method of  choice to guide the 
biopsy of  peripheral lung lesions that abut the pleura[1].

Pulmonary metastases can appear at TUS with vary-
ing echotexture, round shape, and typically clear borders[18] 
(Figure 20). A reliable differentiation between pulmonary 
metastases and metastases of  the parietal pleura is possible 
on the basis of  the lack of  respiratory excursion. However, 
metastases of  the visceral pleura that do not involve the 
parietal pleura can present respiration-dependent move-
ment, like pulmonary metastases. Peripheral pulmonary 
metastases are typically small, therefore, it is usually not 
possible to derive flow signals at color Doppler sonogra-
phy[18]. Furthermore, respiration-dependent or pulsatile 
motion artifacts are often present, which makes the value 
of  color Doppler examination hardly useful for the evalu-
ation of  peripheral pulmonary metastases. Compared to 
color Doppler sonography, CEUS can also be performed 
for small lesions. The arterial supply of  lung metastases de-
rives from systemic arterial circulation, therefore, at CEUS 
examination, they are usually characterized by delayed con-
trast enhancement and reduced contrast agent extent with 
respect to the pulmonary parenchyma (Figure 21)[18,23-26]. 

wall[47,48]. The presence of  pleural effusion in a patient with 
bronchial carcinoma usually indicates pleural involvement, 
and corresponds to a T4 stage tumor[47]. Less frequently, 
pleural effusion is a para-malignancy that accompanies 
effusion, due to lymphatic drainage dysfunction, atelecta-
sis, or hypoproteinemia[50]. It follows that correct staging 
requires differentiation between malignant pleural effu-
sion and reactive accompanying effusion, and TUS is con-
sidered the method of  choice to identify pleural effusion, 
as well as to guide aspiration for cytological examination. 
With respect to N stage, TUS enables one to identify su-
praclavicular or cervical lymph node involvement, and this 
finding has a central role in the staging of  bronchial carci-
noma because lymph node metastases can be identified in 
16%-26% of  patients[51-53]. Finally, US examination of  the 
abdomen can identify the presence of  distant metastases in 
the liver or adrenal glands, thus contributing to M staging 
of  bronchial carcinoma[47]. However, notwithstanding the 
usefulness of  TUS and the central role played in detecting 
infiltration of  the thoracic wall, CT examination is manda-
tory for correct and complete staging of  lung cancer.

At color Doppler examination, malignant tumors can 
present with reduced vessel visualization[18]. However, as a 
rule, color Doppler sonography is not suitable for differ-
entiating benign from malignant peripheral lesions. Based 
on the dual arterial supply of  the lung, CEUS is able to 
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Figure 19  Contrast-enhanced ultrasonography of bronchial carcinoma. 
A: Baseline scan shows a hypoechoic lesion with irregular borders (left side of 
the split-screen). Ten seconds after iv bolus of contrast agent, the pulmonary 
parenchyma near the lesion is already enhanced (arrows), whereas the lesions 
is still unenhanced (right side of the split-screen); B: Twenty seconds later, 
the lesion shows delayed inhomogeneous enhancement, which indicates a 
preferential bronchial arterial supply (right side of the split-screen).
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Figure 20  Pulmonary metastasis. Posterior intercostal scan shows a round-
shaped, clear-bordered lesion.
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CONCLUSION
The limits of  ultrasonography in the study of  the lung 
are well established. First, the sonographic waves are hin-
dered by air and bony structures, therefore, TUS cannot 
detect subscapular, paravertebral and retrosternal lesions, 
nor provide any diagnostic information in the presence 
of  subcutaneous emphysema, and achieves poor visual-
ization of  the mediastinum. Second, it can only depict 
processes at the level of  the pleura, thus, centrally located 
lesions cannot be detected by TUS. Finally, TUS is strictly 
operator dependent, and a lot of  experience is needed to 
perform a reliable evaluation of  pulmonary diseases. It 
follows that TUS cannot replace chest CT in the study of  
the lung.

However, certain diseases can be diagnosed with TUS 
(pneumonia with or without accompanying pleural effu-
sion, PE, and atelectasis), other diseases can be suspected 
(diffuse parenchymal diseases, ARDS/NRDS, lung can-
cer and lung metastases that abut the pleura), and some 
preliminary experiences suggest that the use of  second-
generation ultrasound contrast agents provides useful in-
formation in the differential diagnosis between neoplastic 
and inflammatory diseases. Moreover, diagnostic and ther-
apeutic interventional procedures can be performed under 
sonographic guidance. In this regard, TUS is considered 

the method of  choice to guide aspiration and drainage of  
pleural effusion and empyema, and TUS-guided biopsy 
has been proved to be as effective as CT-guided biopsy 
of  peripheral pulmonary lesions when they are in contact 
with the pleura and provide an adequate acoustic window. 
Finally, the well-known advantages of  ultrasonography, 
such as the lack of  radiation exposure, easy availability, 
and possibility of  performing examination at almost any 
location, make TUS a valuable tool to be used without 
restriction in pregnant women, newborns, and at the 
bedside in critically ill patients, as well as to monitor the 
course of  the disease.

In conclusion, TUS of  the lung and pleura should be 
considered a very useful method that is complementary to 
chest CT in the diagnostic workup of  pleuropulmonary 
pathology, and some effort should be encouraged in clini-
cal and radiological departments to train skilled examiners 
with wide experience in TUS. 
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Abstract
Computer-aided diagnosis (CAD) has become one of 
the major research subjects in medical imaging and 
diagnostic radiology. The basic concept of CAD is to 
provide computer output as a second opinion to assist 
radiologists’ image interpretations by improving the ac-
curacy and consistency of radiologic diagnosis and also 
by reducing the image-reading time. To date, research 
on CAD in ultrasound (US)-based diagnosis has been 
carried out mostly for breast lesions and has been 
limited in the fields of gastroenterology and hepatol-
ogy, with most studies being conducted using B-mode 
US images. Two CAD schemes with contrast-enhanced 
US (CEUS) that are used in classifying focal liver le-
sions (FLLs) as liver metastasis, hemangioma, or three 
histologically differentiated types of hepatocellular 
carcinoma (HCC) are introduced in this article: one is 
based on physicians’ subjective pattern classifications 
(subjective analysis) and the other is a computerized 

scheme for classification of FLLs (quantitative analy-
sis). Classification accuracies for FLLs for each CAD 
scheme were 84.8% and 88.5% for metastasis, 93.3% 
and 93.8% for hemangioma, and 98.6% and 86.9% 
for all HCCs, respectively. In addition, the classifica-
tion accuracies for histologic differentiation of HCCs 
were 65.2% and 79.2% for well-differentiated HCCs, 
41.7% and 50.0% for moderately differentiated HCCs, 
and 80.0% and 77.8% for poorly differentiated HCCs, 
respectively. There are a number of issues concerning 
the clinical application of CAD for CEUS, however, it is 
likely that CAD for CEUS of the liver will make great 
progress in the future.
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INTRODUCTION
Ultrasound (US) is an easy-to-use and minimally invasive 
imaging modality that is useful for detection and qualita-
tive diagnosis of  focal liver lesions (FLLs). In addition, 
the detection and qualitative diagnosis of  FLLs have been 
markedly improved by the development of  US contrast 
agents consisting of  microbubbles[1-5] and by harmonic 
imaging that can visualize nonlinear scattering of  micro-
bubbles[6-12].
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It is well known that a major problem with US ex-
aminations is their operator-dependent nature, as com-
pared with computed tomography (CT) and magnetic 
resonance (MR) imaging[13]. It is therefore necessary to 
reduce the operator-dependent limitations of  US exami-
nations. Computer-aided diagnosis (CAD) may be an ap-
proach that overcomes this problem.

To date, research on CAD in US-based diagnosis has 
been carried out mostly on breast lesions[14-19] and has been 
limited in the fields of  gastroenterology and hepatology. In 
this article, we introduce CAD aimed at differential diag-
nosis of  FLLs by use of  contrast-enhanced US (CEUS), in 
addition to reviewing CAD on US in liver research.

WHAT IS CAD?
Recently, CAD has become a major research subject in 
medical imaging and diagnostic radiology[20-24]. Many 
different types of  CAD schemes are being developed 
for the detection and/or characterization of  lesions in 
various tissues using medical imaging, including conven-
tional projection radiography, CT, MR imaging, and US. 
CAD research is being carried out on detecting lesions 
in breast, chest, colon, brain, liver and kidney, as well as 
the vascular and skeletal systems.

CAD is defined as a diagnosis made by a physician 
who takes into account the computer output based on 
quantitative analysis of  radiologic images. This definition 
is clearly distinct from automated computerized diag-
nosis[25-27], which was attempted in the 1960s and 1970s 
and included replacing radiologists by computers. Subse-
quently, Doi et al[20-22] began their investigations on CAD 
at the University of  Chicago in the 1980s with a clear goal 
of  assisting radiologists with computerized information. 
The goal of  CAD research is to improve the quality and 
productivity of  radiologists’ tasks by improving the accu-
racy and consistency of  radiologic diagnoses and also by 
reducing the image-reading time.

CURRENT STATUS OF RESEARCH ON 
CAD BASED ON US OF THE LIVER
To date, CAD based on US of  the liver has been fre-
quently used in diffuse liver disease for quantifying the 
degree of  liver fibrosis and fat deposition[28-30]. In addition, 
CAD for FLLs has been reported[31-34]; however, the num-
ber of  such reports is small compared with the reports on 
CAD for diffuse liver disease. This is somewhat surprising 
because computers are, in general, superior to humans in 
quantitative measurements and in differential diagnosis, 
but inferior in lesion detection because of  a large number 
of  false positives. However, CAD has been used for quan-
titative evaluation of  liver volume for support treatment, 
which included liver resection and radiofrequency ablation 
therapy applied to hepatocellular carcinoma (HCC) by ap-
plication of  volume measurements in 3D-US images[35,36]. 
All such applications have been developed based on 
B-mode US images.

Second-generation US contrast agents have been de-
veloped recently. Definity (Lantheus Inc., MA, USA) and 
SonoVue (Bracco, Milan, Italy) became available com-
mercially in Canada and Europe, respectively, in 2001, 
whereas SonoVue became available in China in 2006, 
followed by Sonazoid (Daiichi Sankyo, Tokyo, Japan) in 
Japan in 2007 and SonoVue in Korea in 2008. Their util-
ity for the diagnosis of  FLLs has been reported[1-5]. In 
parallel, CAD with CEUS images for differentiating FLLs 
has been reported[33,34]. In these studies, FLLs were diag-
nosed by analysis of  relatively simple blood flow param-
eters obtained from measurements of  the time-intensity 
curve (TIC), which reflects tumor hemodynamics. Thus, 
research on CAD with CEUS images of  the liver has just 
begun worldwide. In the next section, we introduce two 
different types of  CAD schemes aimed at the differential 
diagnosis of  FLLs, which were developed in collabora-
tion with colleagues at the University of  Chicago as ex-
amples of  CAD[31,32].

SUBJECTIVE CLASSIFICATION OF 
FLLs USING PHYSICIANS’ SUBJECTIVE 
PATTERN CLASSIFICATIONS 
(SUBJECTIVE ANALYSIS)
In this study, a total of  137 nodules in 137 cases were 
used for the development of  CAD; specifically, there 
were 74 HCCs [23 well-differentiated (w-HCC), 36 
moderately differentiated (m-HCC) and 15 poorly dif-
ferentiated (p-HCC)], 33 liver metastases and 30 liver 
hemangiomas. HCC and liver metastasis were diagnosed 
based on histology after liver resection or liver biopsy in 
all cases. Liver hemangioma was diagnosed by contrast-
enhanced CT and/or MR imaging. The US equipment 
used in this study was an SSA-790A (Aplio™XG; Toshi-
ba Medical Systems Co., Otawara, Japan). The imaging 
mode was wideband harmonic imaging (commercially 
called Pulse subtraction) with transmission and reception 
frequencies of  3.75 MHz and 7.5 MHz, respectively. The 
contrast agent used was Sonazoid, which consists of  
perflubutane-based microbubbles surrounded by phos-
pholipids with a median diameter of  2-3 μm.

From the baseline US features of  an FLL, three ex-
perienced physicians were requested to classify the echo-
genic patterns of  the FLL into one of  the following eight 
patterns: (1) hyperechoic; (2) hypoechoic; (3) anechoic; (4) 
thin hypoechoic rim; (5) thick hypoechoic rim (bull’s eye); 
(6) hyperechoic rim; (7) mosaic; and (8) others (Figure 1A).  
These patterns were proposed by Itai et al[37] for describing 
the characteristics of  FLLs from baseline US.

After rating the echogenic patterns of  FLLs from base-
line US, the physicians were asked to classify the contrast-
enhancement patterns of  FLLs into one of  the following 
eight patterns: (1) absent; (2) dotted; (3) peripheral rimlike; 
(4) peripheral nodular; (5) central with spoke wheel-shape; 
(6) diffuse heterogeneous; (7) diffuse homogeneous; and 
(8) others (Figure 1B). These patterns were proposed by 
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Quaia et al[38]. The physicians were not asked to provide a 
diagnosis in this study. 

For analysis of  the subjective ratings obtained by the 
three physicians, we created a matrix of  137 FLLs and 16 
patterns, which indicated the total number of  physicians 
who rated lesions in each pattern.

To classify the five types of  FLLs (i.e. w-HCCs, 
m-HCCs, p-HCCs, metastases and hemangiomas) in this 
CAD scheme, we employed four artificial neural networks 
(ANNs), as shown in Figure 2. ANNs are mathematical 
models based on biologic neural networks, which consist 
of  an interconnected group of  artificial neurons that can 
process information by using a connectionist approach 
to computation. The order of  the four decisions (labeled 
D1-D4) in each ANN was determined by considering the 
diagnostic difficulty, which was based on the physicians’ 
knowledge levels. The four decisions used in this study 
were the following: (1) D1: Is this lesion an HCC (yes) 
or other (no)? (2) D2: Is this lesion a hemangioma (yes) 
or metastasis (no)? (3)D3: Is this lesion a p-HCC (yes) or 
other HCC (no)? and (4) D4: Is this lesion a w-HCC (yes) 
or a m-HCC (no)?

All decisions were determined using each of  the 
ANNs with a two-alternative choice method. In the learn-
ing and testing process of  the ANNs, a leave-one-out test 
was employed in individual ANNs. In this method, one 

case is left out for a test, and the ANN is trained to learn 
using the remaining cases. The one case that was left out 
is used for testing the trained ANN. The same procedure 
was then repeated until all cases were tested. 

In the four ANNs, we did not use one of  the subjec-
tive classifications (i.e. others), because we assumed that 
uncertain data might have a detrimental effect on the 
training of  the ANNs. Thus, we used 14 input units cor-
responding to seven patterns of  subjective classification 
data in the matrix as described previously. 

The correct classification of  the CAD scheme for 
the five types of  FLLs was determined when the final 
outcome from the four ANNs agreed with the “gold 
standard”. The classification accuracies for each type of  
FLL and also for all 137 FLLs were determined with the 
percentages of  correctly classified cases among the total 
number of  cases.

Table 1 shows the performance of  the computerized 
scheme for the classification of  the five types of  FLLs. 
The classification accuracies for the 137 FLLs were 84.8% 
for metastasis, 93.3% for hemangioma, 65.2% for w-HCC, 
41.7% for m-HCC, and 80.0% for p-HCC. When the 
classification was conducted only for three types of  FLLs 
(i.e. HCCs, metastasis, and hemangioma), the classification 
accuracy for all HCCs was 98.6%, as shown in Table 2. 
The average classification accuracies for the three and five 
types of  FLLs were 94.2% and 71.5%, respectively.

COMPUTERIZED SCHEME FOR 
CLASSIFICATION OF FLLs
Micro-flow imaging with contrast-enhanced 
ultrasonography
Micro-flow imaging (MFI; Toshiba Medical Systems Co., 
Otawara, Japan) is a novel image-processing technique 
that is accompanied by high-mechanical-index (MI > 
1.0) disruptive flash frames and the maximum intensity 
projection (MIP) technique[32,39]. MIP processing is initi-
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(1) Hyperechoic               (2) Hypoechoic

(3) Anechoic           (4) Thin hypoechoic rim       (5) Thick hypoechoic rim

(6) Hyperechoic rim         (7) Mosaic                       (8) Others

(1) Absent                       (2) Doted                       (3) Peripheral rimlike

(4) Peripheral nodular            (5) Central with spoke wheel-shaped

(6) Diffuse heterogeneous    (7) Diffuse homogeneous        (8) Others

B

A

Figure 1  Hepatic tumors. A: Illustration of morphologic patterns of hepatic 
tumors in the B-mode ultrasonography; B: Illustration of enhancement patterns 
of hepatic tumors in the arterial phase.

B-mode and enhancement
patterns of FLL D1: HCC?

D2: p-HCC? D3: Hemangioma?

D4: m-HCC?

1st LN
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2nd LN
m-HCC

3rd LN
p-HCC

4th LN
Metastasis

5th LN
Hemangioma
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Figure 2  Illustration of the decision tree model used in this study. Four 
decision nodes in which alternative choice was determined by all five FLLs, 
leading to a final diagnostic decision for five liver lesions. D: Decision node; 
FLL: Focal liver lesion; HCC: Hepatocellular carcinoma; LN: Leaf node; m-HCC: 
Moderately differentiated HCC; p-HCC: Poorly differentiated HCC; w-HCC: 
Well-differentiated HCC.
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ated after a sonographic flash frame disrupts bubbles in 
the field of  view. Using this technique, we could obtain 
information about the microbubble pathway between 
frames and observe exquisite detail of  lesional vessels, 
with the potential to show both their morphology and 
their direction of  filling[32,39,40].

To date, some investigators[39,41] have reported that the 
intratumoral vasculature of  HCCs was clearly visualized 
using this technique and pattern classification was possible; 
these results suggested the possibility of  differential diag-
nosis of  the degree of  HCCs[39,41]. CEUS with MFI could 
be useful for diagnosis of  HCCs, and other FLLs, because 
MFI can depict the minute intratumoral vasculature of  
the tumor better than harmonic imaging. In this study, we 
therefore used various kinds of  image features that can be 
derived from MFI findings as input data for the CAD.

Image database
A total of  103 nodules in 97 cases were used for the devel-
opment of  CAD. In more detail, there were 61 HCCs (24 
w-HCC, 28 m-HCC and nine p-HCC), 26 liver metastases 
and 16 liver hemangiomas. HCCs and liver metastases 
were diagnosed based on histology after liver resection or 
liver biopsy in all cases. Liver hemangioma was diagnosed 
by contrast-enhanced CT and/or MR imaging. The US 
equipment used in this study was SSA-770A (Aplio™XV; 
Toshiba Medical Systems Co., Otawara, Japan). The imag-
ing mode was wideband harmonic imaging (commercially 
called Pulse subtraction) with transmission and reception 
frequencies of  3.75 MHz and 7.5 MHz, respectively. The 

contrast agent we used was SonoVue, which consists of  
sulfur hexafluoride microbubbles surrounded by phos-
pholipids with a median diameter of  2.5 μm.

Computerized scheme for classification of FLLs
A series of  image-processing steps in CAD, which basi-
cally consisted of  three major parts, were as follows: (1) 
image data input and construction of  processed images; (2) 
extraction of  image feature values; and (3) application of  
ANNs and output for differential diagnosis. Please note 
that we simplified  into three major steps (although six 
major steps were described in the referenced paper[32]).

Image data input and construction of  processed im-
ages: After irrelevant information, such as patient names, 
IDs, and other symbols, was removed from the cine clips 
in the audio-video interleaving format as the input data, 
only continuous MFI images were reconstructed, and then 
four kinds of  processed images were constructed. Figure 
3A-H shows examples of  the processed images. Image 
feature values were determined by use of  the MFI image 
and the four processed images, and were used as input 
data for the CAD.

Extraction of  image feature values: The image feature 
value is defined as the objective value by computer anal-
ysis of  the subjective criteria that are used for diagnosing 
an FLL accurately in clinical practice, such as quick (slow) 
contrast-enhancement of  an FLL, stronger (weaker) 
contrast enhancement of  an FLL compared with liver 
parenchyma, and homogeneous (heterogeneous) con-
trast-enhancement of  an FLL. For example, with regard 
to the speed of  contrast enhancement, changes in aver-
age pixel values in an FLL are plotted against the time 
axis, and the slope (β value) is calculated. The steeper 
the slope, the faster the speed of  contrast enhancement 
would be. Similarly, the maximum level of  the average 
pixel value is compared between an FLL and a liver pa-
renchyma for determining which region showed stronger 
contrast enhancement.

In this study, four kinds of  major image feature val-
ues were used as CAD input data. Their image character-
istics were as follows: (1) temporal feature; (2) morpho-
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Table 1  Performance of CAD scheme for classification in five categories using physicians’ pattern classification  n (%)

Lesion n Classification with CAD

HCC Metastasis Hemangioma

w-HCC m-HCC p-HCC

HCC 74
w-HCC 23 15 (65.2)   4 (17.4)   4 (17.4) 0 (0.0) 0 (0.0)
m-HCC 36 16 (44.4) 15 (41.7)   5 (13.9) 0 (0.0) 1 (2.7)
p-HCC 15 1 (6.7) 1 (6.7) 12 (80.0) 1 (6.7) 0 (0.0)
Metastasis 33 1 (3.0) 0 (0.0) 1 (3.0) 28 (84.8) 3 (9.1)
Hemangioma 30 0 (0.0) 0 (0.0) 1 (3.3) 1 (3.3) 28 (93.3)

Overall diagnostic accuracy: 98/137 (71.5%). CAD performance was evaluated by a leave-one-case-out methods. Reproduced, with 
modification, form Sugimoto et al[31], Acad Radiol 2009; 16: 401-411. CAD: Computer-aided diagnosis; HCC: Hepatocellular carcinoma; 
w-HCC: Well-differentiated HCC; m-HCC: Moderately differentiated HCC; p-HCC: Poorly differentiated HCC.

Table 2  Performance of CAD scheme for classification in three 
categories using physicians’ subjective pattern classification   
n  (%)

Lesion n Classification with CAD

HCC Metastasis Hemangioma

HCC 74 73 (98.6) 1 (1.4) 0 (0.0)
Metastasis 33 2 (6.1) 28 (84.8) 3 (9.1)
Hemangioma 30 1 (3.3) 1 (3.3) 28 (93.3)

Overall diagnostic accuracy: 129/137 (94.2%). CAD performance was 
evaluated by a leave-one-case out method. Reproduced, with modification, 
form Sugimoto et al[31], Acad Radiol 2009; 16: 401-411.

Sugimoto K et al . CAD for CEUS in the liver



logic feature; (3) gray-level feature; and (4) features for a 
hypoechoic region. The details are shown in Table 3.

Feature 1 is an image feature value obtained from 

TIC, such as replenishment time, the peak pixel value, 
and the slope factor (β). In CEUS, for example, a hem-
angioma is characterized by a typical pattern, namely, a 
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DC

BA

HG

FE Delayed-enhancement regions

Hypoechoic region
at the early phase

Figure 3  Extraction of morphologic and gray-level image features. A: Original MFI image at the early phase including one FLL (shown as the contour) and a portal 
vein; B: Vessel-like pattern enhanced image; C: Segmented adjacent liver parenchyma regions obtained from the original MFI image; D: Skeleton of vessel-like pattern 
enhanced image for estimating the average size of vessel-like patterns on the MFI image; Example of original MFI image at the delayed phase (E) and its segmented 
images for hyperechoic regions at the early (G) and delayed phase (H). The difference in the regions between two images at two phases was defined as delayed-
enhancement region (F). Please note that we defined an “early phase” and a “delayed phase” in the MFI as a replenishment time for reaching 50% and 98% of the 
maximum average pixel value within a FLL, respectively. MFI: Micro-flow imaging. Reproduced, with modification, from Shiraishi et al[32], Med Phys 2008; 35: 1734-1746.

Sugimoto K et al . CAD for CEUS in the liver



peripheral globular enhancement with centripetal filling, 
whereas HCC and metastatic liver tumor are character-
ized by rapid contrast enhancement in an arterial phase. 
Use of  the temporal feature as an image feature value, 
therefore, may be useful for differentiation of  FLLs with 
different speeds of  blood flow. 

Feature 2 is an image feature value representing the 
morphologic characteristics of  FLLs and intratumoral 
blood vessels, such as the effective diameter of  an FLL, 
the average size of  vessel-like patterns and the area ratio 
of  vessel-like patterns. It has been reported that HCC 
with a larger tumor diameter exhibits poorer histological 
differentiation (i.e. higher percentages of  p-HCC)[42], and 
thus the effective diameter of  an FLL may be useful for 
diagnosis of  histological grades of  HCC. In addition, 
previous reports showed that the intratumoral vascula-
ture visualized by MFI was dependent on the histological 
grade of  HCC[39,41]. Thus, use of  the morphologic image 
feature values obtained from the vessel-like pattern and 
the skeleton of  a vessel-like pattern image may be useful 
for diagnosis of  the histologic grade of  HCC. 

Feature 3 is an image feature value that represents 
tumor enhancement patterns, such as stronger contrast 
enhancement at the periphery of  the tumor than at the 
center and at the tumor compared to the liver paren-
chyma. It has been reported that metastatic liver tumors 
often exhibit ring-like enhancement, and thus use of  this 
image feature value may be useful for diagnosis of  tu-
mors with different contrast enhancement patterns. 

Feature 4 is an image feature value that represents 
intratumoral heterogeneity in contrast enhancement. For 
example, spatial and temporal heterogeneity of  a tumor 
in contrast enhancement can be evaluated by comparison 

of  hypoechoic areas (no enhanced areas) between the 
MFI early-phase image and the MFI delayed-phase im-
age. It has been reported that metastatic liver tumors and 
p-HCC often exhibit heterogeneous enhancement when 
compared with other liver tumors[38,43], and thus these im-
age features may be useful for the differentiation of  these 
tumors. 

In order to select appropriate combinations of  tem-
poral and morphologic image features for each of  the six 
ANNs, we used a stepwise method[44]. We thereby selected 
16 temporal and morphologic image features, which were 
selected from 43 initial extracted features, and used them 
as input data for the six different ANNs for making deci-
sions at each decision step in the cascade.

Application of  ANNs and output for differential di-
agnosis: In the CAD, image feature values extracted 
from MFI images were used for input data for ANNs. 
We used parameters in the ANNs to learn the relation-
ship between the repeated presentation of  input data in 
random order and their corresponding output “teacher” 
data. Our ANNs were constructed with the stratified six 
different ANNs in order to classify “unknown” FLL in-
put into one of  five types of  liver diseases (e.g. w-HCC, 
m-HCC, p-HCC, liver metastasis and liver hemangioma).

All decisions in each of  the stratified six different 
ANNs, shown in Figure 4, were determined using a two-
alternative choice. The six decisions used in the six ANNs 
were determined as follows: (1) D1: Does this lesion have 
hypoechoic regions (yes) or not (no)? (2) D2: Is this le-
sion a hypovascular hemangioma (yes) or a hypovascular-
ity metastasis (no)? (3) D3: Is this lesion a hypervascular 
hemangioma (yes) or other (no)? (4) D4: Is this lesion a 
p-HCC (yes) or other (no)? (5) D5: Is this lesion a w-HCC 
(yes) or other (no)? and (6) D6: Is this lesion a m-HCC (yes) 
or a hypervascular metastasis (no)?

A set of  image feature values was selected for each 
ANN, and learning processes and tests were carried out 
independently. In learning and testing tasks with ANNs, 
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Table 3  Image feature values used for CAD input data

Image feature values

Temporal features
   Replenishment time (s)
   Peak pixel value
   Slope factor (b)
Morphologic features
   Effective diameter of focal liver lesion
   Average size of vessel-like patterns
   Area ratio of vessel-like patterns
Gray-level features
   Average pixel value with vessel-like patterns
   Average pixel value without vessel-like patterns
   Standard deviation of pixel value with vessel-like patterns
   Standard deviation of pixel value without vessel-like patterns
   Average pixel value ratio (focal liver lesion/adjacent liver parenchyma)
   Average pixel value ratio (central/peripheral)
Features for hypoechoic region
   Average pixel value
   No. of hypoechoic regions
   Area ratio of hypoechoic region
   Difference in pixel value (delay-early)
   Change in pixel value (delay-early)/s

Reproduced, with modification, from Shiraishi et al[32], Med Phys 2008; 35: 
1734-1746.

Yes                No

Image feature values used in this study

HemangiomaMetastasism-HCCw-HCCp-HCC

DN4: p-HCC?

DN5: w-HCC?

DN6: m-HCC?

DN1: Hypoechoic region?

DN2: Hypo-vascularity
hemangioma?

DN3: Hyper-vascularity
hemangioma?

Figure 4  Illustration of the cascade of six artificial neural networks used 
in this. Six decisions in which alternative choices for specific groups of FLLs 
were determined by single ANN, leading a final diagnostic decision for five liver 
diseases.
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the leave-one-out test method was employed in individual 
ANNs.

The classification accuracies for each type of  FLL and 
also for all 103 FLLs were determined with percentages 
(%) of  correctly classified cases among the total number 
of  cases. 

CAD results
Table 4 shows the performance of  the computerized 
scheme for the classification of  five types of  FLLs (w-
HCCs, m-HCCs, p-HCCs, metastases and hemangiomas). 
The classification accuracies for the 103 FLLs were 88.5% 
for metastasis, 93.8% for hemangioma, 79.2% for w-HCC, 
50.0% for m-HCC and 77.8% for p-HCC. When the clas-
sification was done for three types of  FLLs (HCCs, me-
tastasis and hemangioma), the classification accuracies for 
all HCCs was 86.9%. The average classification accuracies 
for three and five types of  FLLs were 88.3% and 75.7%, 
respectively.

PRACTICAL ISSUES IN CAD AND 
PERSPECTIVES FOR THE FUTURE
In general, a reliable image database is indispensable for 
research and development of  CAD. In particular, an ap-
propriate number of  clinical cases should be used, and 
attention must be paid to the detection and/or charac-
terization of  lesions contained in the images and to the 
degrees of  diagnostic difficulty. For development of  a 
CAD scheme that will become available for clinical ap-
plication, cases in the database should include various 
degrees of  difficulty in diagnosis, from relatively easy to 
markedly difficult. Furthermore, the liver is the largest 
organ in the human body and part of  the liver is pro-
tected by ribs. Unlike CT and MR imaging, it is therefore 
difficult to scan the whole liver by US[45]. In addition, 
US scanning can be difficult in cases of  severe obesity. 
These factors seem to interfere with US on the liver, and 
also CAD for US on the liver.

One of  the most critical components for research on 
CAD is software development. To this end, program-
ming technology, image processing and knowledge of  
information processing are required. In general, however, 

physicians have insufficient knowledge of  these skills, and 
thus close collaboration with physicists is required. On 
the other hand, it is difficult for software to be developed 
by physicists alone, because they have insufficient medi-
cal knowledge about diagnosis and detection. Therefore, 
close collaboration with physicians is also necessary. 

As a characteristic of  CAD, it would be useful if  
CAD could detect and/or characterize lesions that phy-
sicians are likely to overlook and/or misdiagnose, even 
if  the performance of  CAD is not highly accurate; and 
conversely, CAD would not be useful if  physicians do 
not believe the results even when correct. Thus, once 
the algorithm of  CAD is developed, its objective evalua-
tion is necessary. To date, however, no paper on CAD in 
the liver has included an objective evaluation of  the per-
formance of  CAD. An observer performance study is a 
representative evaluation method; observers are required 
to carry out evaluations under two conditions, with and 
without the results of  computer analysis. Receiver oper-
ating characteristic curves can then be obtained based on 
the results for evaluation of  the performance of  CAD.

In addition, when the results of  evaluation are sat-
isfactory, based on the database in the laboratory, it is 
necessary to carry out practical tests on a number of  un-
explored clinical cases as the next step. It is also neces-
sary to develop a practical CAD prototype system and to 
install it in the workplace in the hospital for a prospec-
tive clinical trial. To this end, cooperation by the hospital 
and physicians would be required for reliable evaluation.

Eventually, to reap the advantages of  CAD, commer-
cialization by companies is required. When equipment, 
systems and software applicable for clinical practice be-
come available commercially, they can be used in hospi-
tals worldwide.

CONCLUSION
In this article, we provided an overview of  CAD based 
on US in the liver. Moreover, we introduced two differ-
ent types of  CAD schemes with CEUS images aimed at 
the differential diagnosis of  FLLs.

The performance of  our CAD system for the clas-
sification of  FLLs could be considered as comparable to 
those reported by Wilson et al[9]. Although their report 

Table 4  Performance of CAD scheme for classification in five categories using computerized scheme  n (%)

Lesion n Classification with CAD

HCC Metastasis Hemangioma

w-HCC m-HCC p-HCC

Total 103
w-HCC   24 19 (79.2) 1 (4.2) 2 (8.3) 2 (8.3) 0 (0.0)
m-HCC   28   5 (17.9) 14 (50.0)   4 (14.3)   3 (10.7) 2 (7.1)
P-HCC     9   1 (11.1) 0 (0.0)   7 (77.8)   1 (11.1) 0 (0.0)
Metastasis   26 2 (7.7) 1 (3.8) 0 (0.0) 23 (88.5) 0 (0.0)
Hemangioma   16 0 (0.0) 0 (0.0) 0 (0.0) 1 (6.3) 15 (93.8)

Overall diagnostic accuracy: 78/103 (75.7%). CAD performance was evaluated by a leave-one-case-out methods.Reproduced, with 
modification, from Shiraishi et al[32], Med Phys 2008; 35: 1734-1746.
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was not on results of  CAD, their algorithm used subjec-
tive assessment of  physicians for information on portal 
venous enhancement for the distinction between benign 
and malignant FLLs, and their results indicated a high 
classification accuracy (i.e. 92% for benign and 93% for 
malignant FLLs).

As shown in this article, the diagnostic accuracies of  
CAD based on the results of  physicians’ subjective pat-
tern classification could be considered as comparable to 
those of  CAD based on a computerized scheme. Inter-
estingly, the former CAD was, however, superior to the 
latter in the diagnosis of  three types of  FLLs (i.e. HCCs, 
metastasis, and hemangioma; 94.2% vs 88.3%). In con-
trast, the latter was superior to the former in the diagno-
sis of  five types of  FLLs (w-HCCs, m-HCCs, p-HCCs, 
metastases and hemangiomas; 75.7% vs 71.5%). These 
results suggest that human observers might differ in 
determining feature values from a computer in the diag-
nosis of  FLLs. Thus, if  we take advantage of  computer 
outputs, diagnostic accuracy could be greatly improved.

In our present studies, to establish CAD for FLLs, we 
used temporal and morphologic features, including physi-
cians’ subjective pattern classifications, as image features 
of  FLLs on the contrast-enhancement patterns in the 
arterial phase of  CEUS. However, we did not use findings 
from portal and late phases (i.e. the presence or absence of  
washout) as image features of  our CADs. That is because, 
as it is now, it is difficult to recognize automatically all of  
the data in a dynamic-imaging series for input data because 
of  the problem of  the timing of  patient breath holding.

Our CAD results showed that the accuracy of m-HCC 
in both CADs was quite low (subjective analysis: 41.7% 
and quantitative analysis: 50.0%). This can be related to 
the fact that we did not use portal and late phase images 
as input data of  CADs, because both w-HCC and m-HCC 
frequently show arterial enhancement in the same fash-
ion. It is a principal limitation of  our CADs. Thus, if  our 
CAD schemes would have portal and late phase informa-
tion, the performance of  our CADs would be much more 
improved. Our future work should be to recognize hole 
ultrasonographic image data (i.e. wash-in and wash-out in-
formation) automatically as input data to the CAD system.

The other limitation is that focal nodular hyperplasia 
(FNH) and hepatocellular adenoma were not included 
in these studies. Both FNH and hepatic adenoma tend 
to have FLLs presenting a hypervascular pattern in the 
arterial phase, and it can be difficult to distinguish from 
HCC, liver metastasis, and hemangioma. However, Kim 
et al[46] reported that monitoring the direction of  early ar-
terial filling or the vascular morphology continuously by 
CEUS enable one to differentiate, to some extent, among 
FLLs with hypervascularity, including FNH, heman-
gioma, HCCs, or metastases. However, hepatic adenoma 
lacks characteristic features even with CEUS, and differ-
entiation of  hepatic adenoma from other plethoric FLLs 
has been reported to be difficult. Hepatocellular adenoma 
is rare tumor, and therefore it seems extremely rare for 
this tumor to become a subject of  differential diagnosis.
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Abstract
In this review, the gold standard imaging techniques for 
the head and neck and the latest upcoming techniques 
are presented, by comparing computed tomography 
(CT), magnetic resonance imaging and positron emis-
sion tomography-CT, as well as ultrasound, depending 
on the examined area. The advantages and disadvan-
tages of each examination protocol are presented. This 
article illustrates the connection between the imaging 
technique and the examined area. Therefore, the head 
and neck area is divided into different sections such as 
bony structures, nervous system, mucous membranes 
and squamous epithelium, glandular tissue, and lym-
phatic tissue and vessels. Finally, the latest techniques 
in the field of head and neck imaging such as multide-
tector CT, dual-energy CT, flash CT, magnetic resonance 
angiography, spectroscopy, and diffusion tensor tractog-
raphy using 3 tesla magnetic resonance are discussed.
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BONY STRUCTURES IN THE HEAD AND 
NECK
Most bony lesions of  the skull are benign tumors. They 
are mainly bone tumors and tumor-like lesions. With the 
exception of  osteomas of  the paranasal sinuses and ex-
ostosis of  the external auditory canal, these lesions occur 
rarely. Osteomas and exostosis of  the external auditory 
canal are mostly incidental findings with computed to-
mography (CT). Due to its location close to the tympanic 
membrane, exostosis can be easily differentiated from 
osteoma, which is located more laterally. If  only magnetic 
resonance imaging (MRI) is performed, a compact os-
teoma in an air-filled cavity, as well as exostosis, cannot be 
proven due to the absence of  a signal[1].

Fibrous dysplasia with bony lesions can be documented 
by MRI with low signal intensity in the T2-weighted se-
quences. Therefore, CT should be performed afterwards. 
Due to its high uptake of  contrast medium, fibrous dyspla-
sia is often falsely diagnosed as a malignant tumor[2].

Chordomas are the most common primary malignant 
tumors of  the skull base[3]. They are mostly located at the 
clivus[4]. CT shows lobulated, sharply restricted osteolysis. 
In T2-weighted sequences, they appear with a high inten-
sity and high contrast enhancement[5]. In numerous cases, 
chordomas can be mistaken for chondrosarcomas, which 
are cartilage-producing tumors. Chondrosarcomas most 
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commonly appear in the petro-occipital fissure and clivus, 
and rare cases of  chondrosarcoma are found in the tem-
poromandibular joint[6]. Chondrosarcomas show the same 
T2-weighted images as chondromas. In these cases, biopsy 
is necessary[7].

Solitary and multiple metastases at the skull base are 
more common than primary malignant tumors. Thus, CT 
or a whole body scan with 18-fluoro-2-deoxy-D-glucose 
(FDG) positron emission tomography (PET) is performed 
regarding tumor staging, especially in breast cancer[8], renal 
cell carcinoma, and lung cancer[9].

Traumatic lesions offer a wide range of  injuries. Emer-
gency examinations allow a very short time frame to start 
the treatment before causing permanent damage or death. 
For that reason, the first choice of  examination should be 
CT, with its short examination time.

The advantage of  three-dimensional reconstruction in 
emergency patients with skull-base fractures using solid 
and transparent volume-rendering techniques and maxi-
mum intensity projection (MIP) has been examined by 
Ringl et al[10]. They have ascertained that MIP with regard 
to sensitivity (P = 0.9) visualizes fractures slightly better 
than high resolution multiplanar reformation (HR-MPR). 
Due to the relatively low detection rate using HR-MPR 
alone, it has been recommended to read MIP reconstruc-
tions in addition to the obligatory HR-MPRs to improve 
fracture detection[11].

NERVOUS SYSTEM
The differentiation between benign and malignant tu-
mors is one of  the most important challenges. For that 
reason, it is necessary to evaluate infiltration of  bony 
structures, especially in neurovascular tumors.

Multidetector CT (MDCT), with its soft tissue and 
bone window setting, is a good option. The application 
of  non-ionic, iodine-based contrast medium enhances 
the sensitivity of  the image of  the lesion[12].

MRI is useful for imaging the nervous system. There-
fore axial and coronal sequences with an array of  512 or 
1024 pixels are performed. The slices should not be thicker 
than 3 mm. It is important that the MRI images the whole 
pathology[13]. 

Basically, axial T2-weighted sequences are performed 
to get an overview. Afterwards coronal and axial high-res-
olution T1-weighted sequences are performed before and 
after contrast application. In order to increase the outline 
of  the lesion, fat-suppressed sequences can be added[14].

Diffusion tensor tractography (DTT) using 3 tesla 
(3T) MRI is an upcoming innovation. DTT facilitates the 
imagination of  neural fibers with 3T MRI. Akter et al[15] 
have compared the results of  DTT with surgery and have 
found agreement. 

MUCOUS MEMBRANES AND 
SQUAMOUS EPITHELIUM
Due to its availability MDCT is a frequently used meth-

od[16]. The view of  the nasopharynx and oropharynx 
should be parallel to the hard palate, and the view of  the 
hypopharynx and larynx parallel to the vocal cords. The 
examined area reaches from the skull base to the height 
of  the manubrium of  the sternum[17]. Furthermore, the 
application of  non-ionic, iodine-based contrast medium 
is mandatory in order to differentiate the pathology 
more clearly. Axial MDCT is performed in a soft tissue 
window setting (minimal slice thickness 2-3 mm) and 
in a bone window setting (minimal slice thickness 1-2 
mm)[18]. Moreover, sagittal and coronary reconstructions 
provide a clearer depiction of  the pathology. Finally, 
MDCT provides accurate imaging of  the spreading of  
tumor masses due to higher contrast uptake, as well as 
infiltration of  the muscle or fat tissue[19]. 

In comparison to MDCT, MRI is the preferable meth-
od in soft tissue imaging and provides a good topographic 
relationship to the anatomical structures. The drawbacks 
are long examination times (30-40 min) and the necessity 
for patient compliance. 

The most common inflammations in the head and 
neck are sinusitis and inflammation of  the inner ear. Un-
enhanced CT is the gold standard to examine the sinuses 
or the inner ear. The advantage of  CT is the possibility 
of  three-dimensional reconstructions[20]. To verify chronic 
sinusitis, CT of  the paranasal sinuses should be per-
formed[21]. The images illustrate mucosal swelling, whereas 
acute sinusitis additionally shows air-fluid level[21].

A new upcoming technique in the CT area is Flash CT. 
It could gain importance in the near future, for example, for 
imaging the sinuses, because the radiation dose for patients 
is reduced and the examination time is shortened. However, 
the patients should be slim in order to obtain proper images 
(Figure 1).

Examinations of  the middle ear are usually performed 
with spiral CT of  the petrous portion of  the temporal 
bone. Features that are revealed by CT are thickening of  
the tympanic membrane and fluid in the middle ear[22]. 

In the case of  recurrent cholesteatoma, diffusion-wei
ghted MRI shows a positive predictive value; however, CT 
still remains the gold standard[23]. Plouin-Gaudon et al[24] 
have concluded that, in cases of  doubtful CT, diffusion-
weighted MRI can confirm recurrence or avoid second-
look surgery.

Several sequences should be performed as: (1) axial T2-
weighted fat-suppressed sequences; (2) axial T1-weighted 
spin-echo-sequences before and after contrast application 
with a slice thickness of  2-3 mm; and (3) coronary and sagit-
tal T1-weighted spin-echo sequences after contrast applica-
tion with fat suppression in 256 × 256 pixels[18,19] (Figure 2).

In the case of  recurrent tumors, FDG-PET can be per-
formed. This technique has a high sensitivity for detection 
of  recurrent tumors, which depends on FDG uptake[25,26]. 
The higher metabolism of  glucose in malignant cells and 
inflammatory tissues can be documented. A disadvantage 
of  this method is that inflammatory tissue, for example, 
after radiotherapy, and malignant tissue have a higher FDG 
uptake. For that reason, a PET scan should be performed 
2-4 mo after therapy, at the earliest[27] (Figure 3).
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GLANDULAR TISSUE
Salivary glands 
The most common malignancy of  the parotid gland is 
mucoepidermoid carcinoma[28,29]. In the submandibular 
gland, pleomorphic adenomas remain the most com-
mon benign tumor[30]. The same diagnoses prevail in the 
sublingual and minor salivary glands, where malignancies 
outnumber benign tumors[31].

Some would advocate the use of  MRI as the best tech-
nique to evaluate a neoplasm of  the major salivary glands. 
Implicit in such a decision is that the clinicians are highly 
confident that the process in the gland is neoplastic and 
not obstructive or inflammatory. If  the mass is considered 
to be related to sialolithiasis, CT should be recommended 
first, because MRI is not as reliable in detecting small cal-
culi. If  the lesion is suspected to be neoplastic, MRI should 
be preferred over other modalities, as nearly all parotid 
lesions are well visualized on T1-weighted MRI because 
of  the hyperintense background of  the gland[32]. The T1-
weighted image provides an excellent assessment of  the 
tumor margin, its extent, and its pattern of  infiltration. 
This sequence, coupled with fat suppression and contrast-
enhanced T1-weighted imaging, which is primarily used 
to address perineural spread, bone invasion, or meningeal 
infiltration, is the best means for documenting tumor 
spread[33,34]. On fat-suppressed images, the bony structures 

and the skull base are hypointense. Enhancing tissue ex-
tending into this hypointense background is indicative of  
bone invasion. If  it is likely to be a nervous infiltration, 
MRI is usually the method of  choice. In cases of  menin-
geal symptoms, MRI is preferred because the leptomen-
inges are better illustrated with MRI than with CT[35]. T2-
weighted MRI has been shown to be a reasonably reliable 
predictor regarding malignancy or benignity of  a salivary 
gland tumor[36]. In general, however, the most common be-
nign tumor of  the salivary glands, pleomorphic adenoma, 
has very high signal intensity on T2-weighted images[37]. 
The value of  contrast enhancement also applies to CT, as 
the attenuation of  the cyst is not comparable to that of  
pure fluid. Berg et al[38] have reckoned that CT attenuation 
of  masses, other than for differentiating benign cysts from 
solid masses, and lipomas from other neoplasms, does not 
replace histological diagnosis, because most malignant and 
non-malignant solid masses have similar CT attenuation. 
Malignancies tend to have irregular infiltration into the 
glandular parenchyma, which can be detected with MRI 
and CT, therefore, there are some exceptions that CT has 
sufficient accuracy to predict the histological diagnosis of  a 
lesion. CT is less precise than MRI for determining the ex-
tent of  disease, therefore, there is little reason to perform 
CT rather than MRI for suspected salivary gland masses[39].

Nakamura et al[40] have evaluated various physiologi-
cal FDG accumulations in the head and neck, and have 
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Figure 1  Chronic sinusitis, especially in the left maxillary sinus. A: SOMATOM Definition Flash coronal reconstruction; B: SOMATOM Definition Flash computed 
tomography axial layer.

BA

CBA

Figure 2  Palatine tonsil carcinoma on the left side. A: MRT T2-weighted axial layer; B: MRT T1-weighted  axial layer; C: MRT T1-weighted coronal layer.
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compared them with tumor FDG accumulation, and have 
come to the conclusion that tonsil, extraocular muscle, 
and sublingual glands show a relatively high FDG accu-
mulation, which is sometimes similar to tumor accumula-
tion. The right-to-left ratio of  standardized uptake value 
(SUVmax) is useful in differentiating tumor from physi-
ological accumulation, and the presence of  tumor might 
be highly suspected in cases with a ratio of  ≥ 1.5. 

Ultrasound is also mentioned in the literature as one 
of  the first choices in imaging the salivary glands[41,42]. 
The advantage of  this examination mode is the combi-
nation of  fine needle aspiration cytology with its ability 
to differentiate between benign and malignant lesions[43]. 

Thyroid gland
Thyroid nodules irrespective of  their malignancy or be-
nignity are sometimes found incidentally during other 
examinations such as thoracic CT. The gold standard in 
the literature is doubtless ultrasound; mostly due to its 
availability and low costs[44].

As already mentioned above, ultrasound can be used 
to guide invasive procedures such as biopsy, and to visu-
alize moving features such as blood vessels, the esopha-
gus, and blood flow. Another advantage is that there is 
no radiation like in a CT. 

In patients, who suffer from hyperthyrosis CT with 
contrast medium is only possible if  the patient has been 
prepared with sodium perchlorate, because the con-

trast medium contains iodine, which might result in a 
thyrotoxic crisis. MRI of  the thyroid gland is possible 
and shows nodular non-homogeneity as well as contrast 
enhancement, but is rarely performed in daily routine; 
mostly due to its high costs and long examination times. 

Lymphatic tissue
Increased lymph node (LN) size is usually palpated by 
patients themselves. The gold standard for suspicious 
LNs is ultrasound. If  there are more pathologically in-
creased LNs or a primary tumor is noted, CT is the bet-
ter choice to detect all increased LNs and follow-up is 
easier, in comparison with ultrasound, because the latter 
is highly dependent on the examiner.

Blood vessels
MDCT, dynamic CT angiography (CTA), high-field 
MRI, four-dimensional MR angiography (MRA) are re-
cent improvements in imaging arteries. These techniques 
form the basis for planning further investigations[45].

In emergency examination, CTA is a state-of-the-art 
technique, whereas contrast-enhanced MRA is the tech-
nique that is recommended in the literature. In cases of  
acute stroke, diagnosis has to be made as quickly as pos-
sible. Damage detection at 24-48 h after onset of  symp-
toms is not always possible. Therefore, Totaro et al[45] have 
concluded that diffusion-weighted imaging in the post-
acute phase of  cerebral ischemia in patients in whom CT 
did not yield a definite diagnosis could be the solution[10].

MRA, with its improvements in parallel imaging at 
high-field strength, with resultant high-spatial-resolution 
data acquisition over large fields of  view has become an 
interesting alternative to the traditional catheter-directed 
selective angiography[46]. This technique allows preopera-
tive noninvasive identification of  stenosis and restenosis 
and detection of  intracranial aneurysms[47].

A further new topic is the role of  selective intra-
arterial, catheter-directed chemotherapy for head and 
neck cancer. In these cases, pre-interventional MRA is 
profitable for imaging tumor-feeding vessels, anatomical 
structures[48] and the caliber of  the vessels[49]. 

MRA is the best way to avoid a primary surgical opera-
tion. Moreover, the anatomical structures, as well as the 
vascularization, can be illustrated. The vascularization is 
important in embolizing head and neck tumors before 
starting the intervention. One of  the most promising 
upcoming innovations is dual-energy CTA (DE-CTA). 
The possibility of  suppressing the bones and provid-
ing three-dimensional vascular models for the attending 
doctor makes DE-CTA of  the carotid arteries an attrac-
tive alternative to MRA[50]. The bone removal speeds up 
the imaging analysis, although, due to the slightly limited 
specificity and segmentation error, each case should be 
double checked on the original images[51] (Figures 4 and 5). 
In emergency patients with suspected arterial injury in the 
head and neck, MDCT angiography should be performed 
as standard[52].

A new upcoming technique is dual-energy CT, with 
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Figure 3  Positron emission tomography-CT after resection of a melano-
cytic tumor of uncertain malignant origin. A: The resection area still showed 
a higher glucose metabolism than normal healthy tissue at 2 mo after therapy; B: 
A small lymph node (LN), but no sign of higher metabolism; C: A malignant LN 
with higher metabolism; D: There was no higher glucose metabolism noticeable 
at 6 mo after therapy.
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its possibility of  bone removal and three-dimensional 
reconstructions, which provides excellent images. Never-
theless there are disadvantages such as material artifacts 
of  metal and segmentation errors.

CONCLUSION
Currently, various options are available for head and neck 
imaging. To decide on the best method in each case, the 
examination method has to be illuminated more precisely, 
because CT, MRI, PET-CT and ultrasound each have their 
advantages and disadvantages. It is important to decide 
which structure in the examined area is affected in order 
to find the most suitable method. The advantages of  CT 
compared to MRI are its availability, short examination 
time, and its detailed imaging of  bony structures, inflam-
matory lesions and acute vascular lesions. The disadvan-
tages are the worse soft tissue imaging, although contrast 
application improves the quality. MRI is the better choice 
for imaging soft tissue but its disadvantages are long ex-
amination times and the necessity for patient compliance. 
For imaging the nervous system and salivary glands, MRI 
is more useful than CT unless infiltration of  the bone or 
calcification in the gland is assumed. In such cases, CT 
should be performed afterwards. PET-CT in diagnos-
ing recurrent tumors utilizes the high glucose uptake of  
tumors to visualize the tumor. The negative aspect is the 
high metabolism of  inflammatory tissue in comparison 
to healthy tissue, which can lead to incorrect diagnosis 

of  malignancy. Ultrasound benefits from its availability 
and low costs, as well as from the short examination time 
but it is considerably dependent on the examiner. Finally, 
there are many new upcoming techniques in the CT field, 
such as dual-energy CT and Flash CT, and in the MRI 
field, such as MRA, spectroscopy and tractography. Each 
new technique has its particular advantages. Flash CT 
could gain importance in the near future because the ra-
diation dose for patients is reduced and the examination 
time is shortened in comparison to standard CT scanning. 
Dual-energy CT, with its possibility of  bone removal and 
three-dimensional reconstruction, provides excellent im-
ages. Nevertheless there are disadvantages such as material 
artifacts of  metal and segmentation errors. DTT using 3T 
MRI is one of  the most recent techniques in imaging neu-
ral fibers. In conclusion, new techniques are increasingly 
becoming available, and it is important to choose the right 
examination procedure for each medical question.
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Abstract
Cerebral arteriovenous malformations (AVMs) have 
abnormally enlarged arteries and veins prone to spon-
taneous hemorrhage. Immediately following surgical 
excision of a cerebral AVM, even normal brain tissue 
surrounding the lesion is subject to hemorrhage, a 
phenomenon termed normal perfusion pressure break-
through (NPPB) syndrome. According to this theory, 
arteries supplying cerebral AVMs become dilated and 
lose their capacity to dilate or constrict to autoregu-
late pressure. Acutely after removal of a cerebral AVM, 
excessive blood pressure in these arterial feeders can 
cause normal brain tissue to bleed. However, this the-
ory remains controversial. We present a patient with a 
cerebral AVM that demonstrated cerebrovascular reac-
tivity and argues against an assumption underlying the 
theory of NPPB syndrome.
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INTRODUCTION
Cerebral arteriovenous malformations (AVMs) have ab-
normally enlarged arteries and veins prone to spontaneous 
hemorrhage. Immediately following surgical excision of  
a cerebral AVM, the remaining normal brain tissue sur-
rounding the lesion is subject to hemorrhage, a phenom-
enon termed normal perfusion pressure breakthrough 
(NPPB) syndrome[1]. The theory proposed to explain this 
phenomenon remains controversial. We present a patient 
with cerebral AVM that demonstrated cerebrovascular 
reactivity and argues against an assumption underlying the 
theory of  NPPB syndrome.

CASE REPORT
A 47 year-old woman with chronic headaches and a previ-
ously diagnosed right occipital cerebral AVM developed a 
severe headache followed 5 d later by left-sided weakness 
and neglect. Computed tomography and magnetic reso-
nance imaging brain scans showed subacute subarachnoid 
hemorrhage and ischemic changes in the right middle ce-
rebral artery distribution (Figure 1A and B).

Catheter arteriography demonstrated a 12 mm an-
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terior communicating artery aneurysm, a 5 cm right oc-
cipital cerebral AVM, and relatively slow flow through 
small caliber arteries to the cerebral AVM representing 
vasospasm (Figure 1C). Endovascular coil occlusion of  
the aneurysm was immediately performed, and the vaso-
spasm was treated with verapamil. Subsequent arteriogra-
phy for treatment of  the cerebral AVM showed interval 
resolution of  the narrowed arteries in the distribution of  
the stroke (Figure 1D). Despite her deficits at the time of  
original presentation with stroke, the patient made a full 
neurological recovery, even after embolization and resec-
tion of  the cerebral AVM.

DISCUSSION
Cerebral AVMs can cause pathological states including 
hemorrhage, vascular steal, chronic hypoperfusion, and 
low-grade ischemia, all of  which were demonstrated by 
the patient reported here. In 1978, Spetzler et al[1] pub-
lished the theory of  NPPB, positing that chronic hypo-
perfusion causes branches of  the AVM feeding arteries, 
that supply normal tissue, to become markedly dilated, 
remaining paralyzed due to lost autoregulatory capacity. 
After AVM extirpation, these branches in the remaining 
normal tissue experience increased perfusion but lack 
ability to constrict and autoregulate cerebral blood flow. 
They argued that, in some cases, this vascular dysfunc-
tion leads to hyperemia and compromise of  capillary 
beds, resulting in massive edema and hemorrhage.

Several studies using various methodologies have sup-
ported the claims of  NPPB[2-9]. However, more recent 
investigations contradict many aspects of  the theory, cast-
ing doubt on the link between impaired vasoreactivity and 

postoperative complications. NPPB theory rests on the 
assumption that lost autoregulatory capacity persists fol-
lowing resection of  a cerebral AVM. Nevertheless, several 
studies demonstrate a postoperative return to normal CO2 
reactivity in vessels with previously diminished reactiv-
ity[3,10-16]. Young et al[12,13] showed intact CO2 reactivity both 
before and after resection. Similarly, Ogasawara demon-
strated postoperative hyperperfusion in areas with normal 
response to acetazolamide in the preoperative period[17]. 

Young et al[18] reported that cerebral AVM removal 
improved perfusion in the hemisphere ipsilateral to the le-
sion, but increasing mean arterial pressure pharmacologi-
cally did not increase CBF, suggesting intact cerebral auto-
regulation. This was true for uncomplicated cases, as well 
as patients with NPPB-like complications. Demonstrat-
ing intact vasoreactivity both before and after resection, 
Young et al[13,18,19] suggested the true problem is a leftward 
shift of  the autoregulatory curve such that normal pres-
sure exceeds the upper limit of  autoregulation. 

Batjer demonstrated the ability of  arteries to vasodilate 
but an inability to vasoconstrict in response to increased 
pressure, a finding confirmed in a rat model[11,20,21]. We 
suggest that the vasoconstriction in response to SAH in 
our patient demonstrated that the impairment of  vaso-
constriction in response to elevated pressure, which has 
been argued to underlie NPPB syndrome, is not due to 
some global inability of  the vasculature to constrict. This 
agrees with both Batjer’s findings and Young’s proposal of  
a leftward shift of  the autoregulation curve. However, we 
must maintain the possibility that vasospasm in response 
to SAH and the vessel properties underlying autoregula-
tion, which have been argued are impaired in NPPB-like 
states, might result from two distinct mechanisms. 
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Figure 1  A 47-year-old woman with ruptured anterior 
communicating artery aneurysm associated with 
a large arteriovenous malformation. A: Computed 
tomography brain scan shows the 12 mm anterior 
communicating artery aneurysm in relief surrounded by 
high-density subarachnoid hemorrhage (white arrow). 
Also note small stippled calcifications in the large 
parietal-occipital arteriovenous malformation (black 
arrows); B: Diffusion-weighted magnetic resonance 
imaging shows area of restricted diffusion in the 
posterior right frontal lobe (white arrow) corresponding 
with the patient’s left-sided weakness and hemi-
neglect; C: Catheter arteriography of the right internal 
carotid artery in the lateral projection at the time 
of initial presentation approximately 1 wk following 
subarachnoid hemorrhage shows significant narrowing 
in the angular and Rolandic branches of the right middle 
cerebral artery, both of which supply the arteriovenous 
malformation (white arrows); D: Catheter arteriography 
of the right internal carotid artery in the lateral projection 
4 mo after initial presentation and following complete 
neurological recovery shows resolution of vasospasm 
in the angular and parietal branches of the right 
middle cerebral artery supplying the arteriovenous 
malformation (white arrows).



Another condition of  Spetzler’s theory that has come 
under scrutiny is that NPPB-like complications occur in 
areas adjacent to the malformation that formerly shared 
the arterial blood supply with it, and that such former 
feeders are prone to complications because of  the chronic 
stress placed upon them by the cerebral AVM. Barnett 
et al[3] showed the worst steal effect exists in tissue 2-4 cm 
from the malformation, and higher flow occurred in tissue 
distal to the location of  the cerebral AVM. To the con-
trary, Young et al[22] showed that increased cerebral blood 
flow following cerebral AVM resection occurs throughout 
the entire brain, not just in regions that shared vascular 
supply with the cerebral AVM. This suggests that mecha-
nisms implicating preoperative focal hypoperfusion due to 
vascular steal are not the sole cause of  postoperative com-
plications. Indeed, our patient demonstrated vasospasm, 
infarction, and edema both ipsilateral and contralateral to 
her AVM, consistent with such findings.

The findings in this case illustrate that arteries sur-
rounding cerebral AVMs can maintain vasoconstrictive 
capacity, although the contractile activity in response to 
subarachnoid hemorrhage and autoregulation might be 
different processes. Future studies should compare micro-
vascular changes between procedures with uneventful ce-
rebral AVM resection and those with these complications. 
However, comparison will prove difficult given the relative 
rarity of  these complications and the resultant difficulty 
designing adequately powered investigations. Furthermore, 
better diagnostic definitions for these complications must 
be standardized. Differing interpretations of  what consti-
tutes an NPPB-like state have undoubtedly made studies 
difficult to compare. Better characterization of  blood flow 
parameters surrounding cerebral AVMs will lead to im-
proved prevention, prompt identification, and treatment.
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Abstract
Pneumatosis intestinalis and portomesenteric vein gas 
are rare and potentially severe radiological findings 
that occur both in pediatric and adult populations. 
They actually are radiographic signs of underlying 
intra-abdominal pathology, abnormality or diagnostic 
medical interference. If combined with other radiologi-
cal or clinical signs of intestinal ischemia or sepsis, the 
prognosis is dismal and urgent laparotomy is manda-
tory. We report two cases of surgical treatment with 
ominous outcome in an effort to characterize this find-
ing correctly as an absolute surgical indication or as an 
additional diagnostic criterion that simply marks a fur-
ther breakdown of the systems in patients with a long 
list of severe medical conditions. 

© 2010 Baishideng. All rights reserved.

Key words: Pneumatosis intestinalis; Portomesenteric 
vein gas; Intestinal obstruction; Intestinal ischemia; 
Surgery

Peer reviewers: Dr. Stéphane Supiot, MD, PhD, Department 
of Radiation Oncology, Centre René Gauducheau, St-Herblain, 
Nantes, 44800, France; Dr. Dinesh Vyas, Department of Mini-
mally and Endosopic Surgery, St John Mercy Hospital, 851 E 
Fifth Street, Washington, DC 63090, United States

Kyriazanos ID, Bazinas TA, Tsoukalos GG, Stoidis CN. Unusual 
radiological finding of lethal pneumatosis intestinalis and 
portomesenteric vein gas. World J Radiol 2010; 2(6): 233-236  
Available from: URL: http://www.wjgnet.com/1949-8470/full/
v2/i6/233.htm  DOI: http://dx.doi.org/10.4329/wjr.v2.i6.233

INTRODUCTION
Pneumatosis is characterized by collections of  gas within 
the wall of  the bowel, which might involve the esophagus, 
stomach, small intestine, and colon[1]. When localized in 
the small intestine or the portomesenteric vein system, it is 
characterized as pneumatosis intestinalis (PI) or portomes-
enteric vein gas (PVG), respectively. PVG can be seen in 
conjunction with or in isolation from PI, and represents a 
different phase of  the same fundamental pathophysiology. 
In PVG, branching lucencies are seen within the mesenter-
ic venous tributaries or in the liver, which often drain sites 
of  PI[2].

There are two main theories that explain the patho-
physiology of  PI/PVG: mechanical and bacterial[3]. The 
mechanical theory supports the hypothesis that PI devel-
ops when defects in the mucosa, in combination with in-
creased intraluminal pressure, allow gas to infiltrate the gas-
trointestinal (GI) tract wall. The bacterial theory postulates 
that PI develops when gas-producing bacteria gain entry to 
the GI tract wall and produce pockets of  gas. Much of  the 
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evidence for these two theories is derived from observa-
tional studies and one could argue that the mechanical and 
bacterial mechanisms could occur simultaneously[4].

The underlying pathological mechanism is most often 
associated with intestinal obstruction (e.g. diverticulitis, ad-
hesions, feeding tubes, tumor, or radiation enteritis), mes-
enteric ischemia due to thrombosis or emboli (e.g. mesen-
teric infarction, or necrotizing enterocolitis in infants), or 
volvulus[5], but also with benign or idiopathic conditions 
(e.g. endoscopic examination, or liver cirrhosis)[6].

Diagnostically, computed tomography (CT) can iden-
tify PI/PVG in such patients. With the added sensitivity 
and increased utilization of  modern CT, PI and PVG are 
being identified more frequently. This poses a difficult 
clinical question because the clinical significance of  PI 
and PVG, identified by modern CT, ranges from benign 
to catastrophic[7]. Historically, their presence has mandated 
laparotomy due to the high mortality rate associated with 
mesenteric ischemia, but practically, surgical treatment 
should always be considered in symptomatic patients[8]. 

We report herein the surgical treatment of  obstructive 
and ischemic abdominal pathology, accompanied by this 
unusual radiological finding, with a lethal outcome. The 
progression of  the patients’ histories according to our 
experience and the study of  the limited number of  case 
series in the international literature led us to useful conclu-
sions on the appropriate treatment of  such patients.

CASE REPORT
A 70-year-old woman with amyotrophic lateral sclero-
sis (Lou Ghering’s disease) and chronic kidney failure 
presented with abdominal distension. As a result of  
neuromuscular malfunctions, she had received feeding 
jejunostomy 3 mo previously, as well as a permanent tra-
cheostoma. The patient presented a backflow from the 
jejunostomy, and clinical signs of  mechanical obstruc-
tion, ileus and fever. Initial laboratory findings showed 
elevated inflammatory parameters and serum lactate 
levels. When the abdominal symptoms progressed, con-
trast-enhanced CT revealed distinct pneumatosis within 
the jejunal wall and fulminant gas embolism in the portal 
vein system (Figures 1 and 2). An exploratory laparoto-
my was carried out due to suspected intestinal ischemia. 
No signs of  mesenteric ischemia or a necrotic process 
were found, but only adhesions that underwent lysis 
(Figure 3). Although, the abdominal tenderness receded, 
the inflammatory laboratory findings were still elevated 
along with increased procalcitonin and positive blood 
cultures. The patient died on the 10th postoperative day 
from manifest disseminated intravascular coagulation 
and multiple organ failure (MOF) due to sepsis. 

The second patient was an 80-year-old man suffer-
ing from chronic kidney failure, with a history of  treated 
abdominal aorta aneurysm, who was in hospital because 
of  acute abdominal pain, severe gas, feces retention, and 
bloating. The clinical symptoms and the laboratory and 
radiological findings (PVG and PI) (Figure 4) aroused sus-
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Figure 1  Fulminant presence of intrahepatic portal vein gas, especially in 
the left lobe of the liver.

Figure 2  Presence of gas in the intestinal wall.
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Figure 3  Perioperative image of the distended but not ischemic small 
bowel.

picion of  intestinal ischemia. An emergency laparotomy 
was carried out and 50 cm of  ischemic terminal ileum 
were resected. The patient died on the 22nd postoperative 
day due to severe sepsis and MOF, and during the whole 
period, fever, elevated inflammatory markers, and positive 
blood cultures were present.

In both cases the radiological phenomenon showed a 
significant regression after surgical treatment of  the pri-
mary underlying pathology, along with the patients’ symp-
toms. However, the prognosis and outcome of  the patients 
remained ominous. This raises the question: how seriously 



should a surgeon take into consideration this unique radio-
logical finding, along with the patient’s condition during 
the diagnosis, treatment and prognosis of  abdominal pa-
thology? 

DISCUSSION
Patients who present with PI/PVG fall into three general 
subgroups: mechanical, ischemic, and benign idiopathic, 
with a different range of  age, clinical signs and laboratory 
findings, but with one common feature: an underlying ab-
dominal disease and often previous abdominal surgery[9].

A radiological finding of  PVG does not necessarily 
indicate severe underlying pathology. It can be seen in 
relatively benign situations such as after endoscopic proce-
dures and gastric dilatation, which only necessitate conser-
vative therapy[10]. Traditionally, PVG has been considered 
as an indicator of  bad prognosis and associated with a 
particularly high mortality rate[11,12].

Τhe dilemma is deciding how to manage the patient 
with newly diagnosed PI/PVG[13]. Surgical exploration is 
indicated in a large percentage of  patients with mechanical 
and ischemic causes, as it was clearly demonstrated in the 
two present cases. Unfortunately, aggressive surgical tactics 
often fail. Extremes of  age and comorbidity make many of  
these patients unsuitable for aggressive treatment such as 
revascularization or extended bowel resection. If  expectant 
care is to be recommended, it is imperative for physicians 
to discriminate correctly between PI/PVG that has arisen 
from acute mesenteric ischemia from benign PI/PVG.

In particular, in critically ill patients with clear abdomi-
nal symptoms, radiographic control seems to be a waste 
of  time. After the patient’s resuscitation, salvage surgical 
intervention should be considered. When time is not an 
issue and CT can be performed that results in PI/PVG 
findings, the treatment goal is to deal with the underlying 
pathology in an appropriate manner, surgical or conserva-
tive, according to the three above mentioned causes (i.e. 
obstruction, ischemia, or iatrogenic intervention). When 
ischemia is suspected, the comorbidity factors that should 
be prioritized are the general vascular and heart condition 
of  the patient, physical examination (abdominal pain, dis-
comfort or tenderness, or bloody stools), and laboratory 
findings (serum lactate, or sepsis markers). If  mesenteric 

ischemia is strongly suspected, an exploratory laparotomy 
is preferred if  the general condition of  the patient allows 
it; otherwise, conservative treatment is the only choice. 
However, when ischemia is a likely but not certain diag-
nosis, endoscopy or laparoscopy could offer the physician 
a less invasive method to access bowel viability and rule 
out mesenteric ischemia, while also offering the opportu-
nity for easy conversion to open laparotomy if  necessary. 
The advantages of  these minimally invasive methods are 
known and particularly appreciated for this group of  pa-
tients. Finally, when the differential diagnosis guides the 
physician to a benign situation, especially after a history of  
medical intervention over the previous days, observation 
could be the gold standard, along with medical conserva-
tive management. Additional imaging methods such as 
CT or magnetic resonance imaging mesenteric angiogra-
phy could also count in the final diagnosis of  this benign 
medical situation.

Concerning our patients, according to the above analy-
sis, the first patient with bowel obstruction underwent 
radiological examination for being in a critical but stable 
situation. The signs of  sepsis were ascribed to abdominal 
pathology as soon as other infection sources were exclud-
ed, and because of  her neuromuscular disease, the patient 
did not demonstrate subjective symptoms. Surgical explo-
ration, although therapeutic, did not improve the patient’s 
outcome. For the second patient, surgical management of  
intestinal ischemia was absolutely indicated. However, the 
coexisting morbidity factors predicted a lethal outcome. 
The clinical findings of  the patient were severe and sug-
gested that the radiological examination had less value 
after all, in contrast to the first patient.

Nowadays, with the development of  highly advanced 
imaging techniques, potentially severe pathology, such as 
bowel ischemia, is diagnosed at much earlier stages, which 
allows prompt treatment and significantly reduces mor-
tality[14]. There is no definitive algorithm or accepted path 
of  action in the surgical or medical community[15], and we 
are not sure if  there should be one. PVG is not by itself  
a surgical indication and the treatment depends mainly 
on the underlying disease. The exact role of  PVG as a 
diagnostic criterion probably emerges in patients with an 
inaccurate diagnosis, with a less or equal value to physical 
examination and apparently less value than other comor-
bidity factors. The prognosis is related to the pathology 
itself  and is not influenced by the presence of  PVG.

In conclusion, PVG seems to be a radiological param-
eter along with other diagnostic criteria, but it is certainly 
not proof  of  an ominous outcome in patients with under-
lying intra-abdominal pathology. Additionally, in benign or 
iatrogenic cases, this finding should provide a motive for 
further clinical and radiological evaluation.
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the significance of  the publication of  scientific articles lies not 
only in disseminating and communicating innovative scientific 
achievements and academic views, as well as promoting the 
application of  scientific achievements, but also in formally 
recognizing the “priority” and “copyright” of  innovative 
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 innovativeness, scientific and 
practical values and determine whether it should be published 
or not. During peer review, editorial board members can also 
obtain cutting-edge information in that field at first hand. As 
leaders in their field, they have priority to be invited to write 
articles and publish commentary articles. We will put peer 
reviewers’ names and affiliations along with the article they 
reviewed in the journal to acknowledge their contribution; 
(2) Maximization of  the benefits of  authors: Since WJR is an 
open-access journal, readers around the world can immediately 
download and read, free of  charge, high-quality, peer-reviewed 
articles from WJR official website, thereby realizing the goals 
and significance of  the communication between authors 
and peers as well as public reading; (3) Maximization of  the 
benefits of  readers: Readers can read or use, free of  charge, 
high-quality peer-reviewed articles without any limits, and 
cite the arguments, viewpoints, concepts, theories, methods, 
results, conclusion or facts and data of  pertinent literature so 
as to validate the innovativeness, scientific and practical values 
of  their own research achievements, thus ensuring that their 

articles have novel arguments or viewpoints, solid evidence and 
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 articles, thereby 
realizing the maximization of  the personal benefits of  editorial 
board members, authors and readers, and yielding the greatest 
social and economic benefits.

The major task of  WJR is to rapidly report the most recent 
improvement in the research of  medical imaging and radiation 
therapy by the radiologists. WJR accepts papers on the following 
aspects related to radiology: Abdominal radiology, women 
health radiology, cardiovascular radiology, chest radiology, 
genitourinary radiology, neuroradiology, head and neck radi
ology, interventional radiology, musculoskeletal 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.

The columns in the issues of  WJR will include: (1) Editorial: 
To introduce and comment on major advances and develop
ments 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 commentary on common 
issues of  this hot topic, and (C) a commentary on the 10 
individual articles; (4) Observation: To update the development 
of  old and new questions, highlight unsolved problems, and 
provide strategies on how to solve the questions; (5) Guidelines 
for Basic Research: To provide guidelines for basic research; (6) 
Guidelines for Clinical Practice: To provide guidelines for clinical 
diagnosis and treatment; (7) Review: To 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 radiology; (10) Case Report: 
To report a rare or typical case; (11) Letters to the Editor: 
To discuss and make reply to the contributions published in 
WJR, or to introduce and comment on a controversial issue of  
general interest; (12) Book Reviews: To introduce and comment 
on quality monographs of  radiology; and (13) Guidelines: To 
introduce consensuses and guidelines reached by international 
and national academic authorities worldwide on the research in 
radiology.
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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, Abstract, Introduction, Materials and Methods, Results, 
Discussion, Acknowledgements, References, Tables, Figures, 
and Figure Legends. Neither the editors nor the publisher 
are responsible for the opinions expressed by contributors. 
Manuscripts formally accepted for publication become the 
permanent property of  Beijing Baishideng BioMed Scientifc 
Co., Ltd., 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 International 
Committee of  Medical Journal Editors to refuse to publish 
papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now 
available, to our knowledge, is http://www. clinicaltrials.gov 
sponsored by the United States National Library of  Medicine 
and we encourage 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 contri
buted article to ensure the privacy and secrecy of  research is 
protected.

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

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1949-8470office. Authors 
are highly recommended to consult the ONLINE INSTRUC
TIONS 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 Submission System may send an email describing the 
problem to wjr@wjgnet.com, or by telephone: +86-10-59080036. 
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 margins. Style should conform to our house format. 
Required information for each of  the manuscript sections is as 
follows:

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

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

Authorship: Authorship credit should be in accordance with 

the standard proposed by International Committee of  Medical 
Journal Editors, based on (1) substantial contributions to 
conception and design, acquisition of  data, 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. Authors should meet conditions 1, 
2, and 3.

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

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

Supportive foundations: The complete name and number of  
supportive 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, affiliation, 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, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, 
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts 
are acknowledged in each manuscript, and reviewers of  articles 
which were not accepted will be acknowledged at the end of  
each issue. To ensure the quality of  the articles published in 
WJR, reviewers of  accepted manuscripts will be announced 
by publishing the name, title/position and institution of  the 
reviewer in the footnote accompanying the printed article. For 
example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute 
of  Digestive Disease, Shanghai, Affiliated Renji Hospital, 
Medical Faculty, Shanghai Jiaotong University, 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 University, Chengdu, 
Sichuan Province, China.
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Abstract
There are unstructured abstracts (no more than 256 words) 
and structured abstracts (no more than 480). The specific 
requirements for structured abstracts are as follows: 

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

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

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

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the 
legend rather than on the bar itself. File names should identify 
the figure and panel. Avoid layering type directly over shaded or 
textured areas. Please use uniform legends for the same subjects. 
For example: Figure 1 Pathological changes in atrophic gastritis 
after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is 
our principle to publish high resolution-figures for the printed 
and E-versions.

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

Notes in tables and illustrations
Data that are not statistically significant should not be noted. 
aP < 0.05, bP < 0.01 should be noted (P > 0.05 should not be 
noted). If  there are other series of  P values, cP < 0.05 and 
dP < 0.01 are used. A third series of  P values can be expressed 
as eP < 0.05 and fP < 0.01. Other notes in tables or under 
illustrations should be expressed as 1F, 2F, 3F; or sometimes 
as other symbols with a superscript (Arabic numerals) in the 
upper left corner. In a multi-curve illustration, each curve 
should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine 
contributions to the manuscript and who endorse the data and 
conclusions should be included. Authors are responsible for 
obtaining written permission to use any copyrighted text and/
or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals 
according to the citation order in the text. Put reference numbers 
in square brackets in superscript at the end of  citation content 
or after the cited author’s name. For citation content which is 
part of  the narration, the coding number and square brackets 
should be typeset normally. For example, “Crohn’s disease 
(CD) is associated with increased intestinal permeability[1,2]”. 
If  references are cited directly in the text, they should be put 
together within the text, for example, “From references[19,22-24], 
we know that...”

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

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

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

applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
contrast harmonic imaging to assess malignancy of  liver 
tumors: A prospective controlled two-center study. World J 
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   DOI: 
10.3748/wjg.13.6356]

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

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

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. 

Signature of  balancing selection in Arabidopsis. Proc Natl 
Acad Sci USA 2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyper

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

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar 

RJ; Alf-One Study Group. Sexual dysfunction in 1, 
274 European men suffering from lower urinary tract 
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764   
DOI:10.1097/01.ju.0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. 

BMJ 2002; 325: 184 [PMID: 12142303   DOI:10.1136/
bmj.325.7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability 

and safety of  frovatriptan with short- and long-term 
use for treatment of  migraine and in comparison with 
sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 
12028325   DOI:10.1046/j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin 
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900   
DOI:10.1097/00003086-200208000-00026]

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

HRSA Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary 

system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: 
Marcel Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March 
of  Dimes Education Services, 2001: 20-34

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

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

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

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

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

eases. 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/eid.htm

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

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

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

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square 
test as χ2 (in Greek), related coefficient as r (in italics), degree 
of  freedom as υ (in Greek), sample number as n (in italics), 
and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood 
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) 
= 96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1 
mmol/L; blood CEA mass concentration, p (CEA) = 8.6 
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2; 
likewise for 40 g/L formaldehyde, not 10% formalin; and 
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641 
should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1949-8470/
g_info_20100313185816.htm.

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

Italics
Quantities: t time or temperature, c concentration, A area, l 
length, m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.

WJR|www.wjgnet.com June 28, 2010|Volume 2|Issue 6|



Instructions to authors

百世登
Baishideng VTM© WJR|www.wjgnet.com

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

RE-SUBMISSION OF THE REVISED PAPER
Please revise your article according to the revision policies 
of  WJR. The revised version including manuscript and high-
resolution image figures (if  any) should be re-submitted  or 
uploaded online. The author should send copyright transfer 
letter, and responses to the reviewers and science news to us 
via email.

Editorial Office
World Journal of Radiology
Editorial Department: Room 903, Building D, 
Ocean International Center,
No. 62 Dongsihuan Zhonglu,
Chaoyang District, Beijing 100025, China
E-mail: wjr@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-59080036
Fax: +86-10-85381893

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

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

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

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

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

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