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Abstract: This study aimed to determine applicable value of DWIBS in diagnosis of solitary pulmonary lesions. This
study involved 32 solitary lung disease patients. TAW1, T2W1, T2WI-SPAIR were examined using MRI scanner and
analyzed with View-forum 6.0 workstation. Imaging characteristics of pulmonary solitary lesions on DWIBS and
ADC when b=300, 500 and 800 s/mm? were observed. Signal-to-noise ratio (SNR), contrast-noise-ratio (CNR) and
ADC value of lesions under different b-values were measured. Image quality in different b-values was compared by
analyzing SNR and CNR. ADC values of benign and malignant lesions in different b-value groups were tested using
t-test. ROC curve was used to evaluate diagnostic efficacy of ADC value, and obtain diagnostic threshold. The results
indicated that SNR and CNR value of 300 and 500 s/mm? group was significantly higher compared to 800 s/mm?
group (P<0.05). When b-value was assigned as 500 s/mm?, DWIBS demonstrated better and ideal images. ADC
value of malignant lesions in different b-values was significantly lower compared to benign lesions (P<0.05), sug-
gesting ADC value is a feasible approach for distinguishing benign from malignant lesions. AUC value of b=500 s/
mm? was significantly higher compared to b=300 and b=800 s/mm? group (P<0.05). When b-value was assigned
as 500 s/ymm?, the best ADC threshold value was 1.435x103 mm?/s, with high sensitivity, specificity and accuracy
of 80.0%, 83.3% and 84.4%, respectively. In conclusion, quantitative analysis of DWIBS examination and ADC value
was helpful for qualitative diagnosis of pulmonary solitary lesions, and demonstrated potential to distinguish benign
and malignant pulmonary solitary lesions.

Keywords: Solitary pulmonary lesions, magnetic resonance imaging, diffusion-weighted imaging with background
body signal suppression, apparent diffusion coefficient

Introduction

Lung cancer is one of the most common malig-
nant tumors clinically [1, 2]. According to the
data provided by World Health Organization
(WHO), the incidence and mortality of lung
cancer are increasing significantly in the world
[3]. In recent years, the incidence of lung can-
cer in China is also increasing year by year. In
year of 2000, an investigation surveying lung
cancer in China shows that the death rate of
men is 40.1/100000, and that of women is
13.48/100000 [4]. Most of the lung cancer
patients in clinical diagnosis has been the late
stage, therefore, patients only administrate
with the palliative treatment for prolonging sur-

vival. The early diagnosis and accurate staging
of lung cancer determine the operation mode
and treatment strategy, both of which are criti-
cal to improve survival rate and prognosis of
patients.

Presently, computed tomography (CT), as a
preferred examination method for lung lesions,
plays an important role in quantitative and qu-
alitative diagnosis, preoperative staging and
post-treatment evaluation of lung tumors [5,
6]. However, CT also demonstrates a few short-
comings, including the low specificity of dia-
gnosis and difficulty to understand the tumor
blood supply and microcirculation. Nowadays,
medical imaging has been developed from the
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initial morphological examination to functional
evaluation, and gradually from the macro-field
to the micro-field. Take the molecular imaging
for example, which can provide more detailed
and objective imaging data for clinical practice,
and can help clinical examination of diseases
(especially tumors) earlier, so as to significantly
improve the therapeutic effect [7]. As a non-
radiation and non-invasive examination meth-
od, magnetic resonance imaging (MRI) is char-
acterized by high contrast resolution, multi-
parameter imaging, no-reconstruction of any
cross-section imaging, no-bone artifacts and
no-radiation damage [8]. At the same time,
MRI can also reflect the histological character-
istics of lesions to a certain extent through
examining the signal intensity [5]. Therefore,
MRI plays an increasingly important role in
medical activities. However, the previous MRI
usually results in the lower quality of lung
imaging and lower signal-to-noise ratio (SNR).
Moreover, MRI is only limited to the study of
mediastinal lymph nodes, chest wall and pleu-
ral lesions, while the study investigating pu-
Imonary parenchymal lesions is less. In recent
years, with the rapid development of MRI soft-
ware and hardware equipment and imaging
technology, especially for the clinical applica-
tion of 3.0T MRI scanner, the signal-to-noise
ratio (SNR), resolution and scanning speed of
MIR have been significantly improved [5,9]. All
of the above backgrounds provide the wide
prospect for application of MRI in lung
parenchyma.

Diffusion weighted imaging (DWI) of MRI is a
kind of functional imaging technology devel-
oped in recent years. Nowadays, DWI is the
only non-invasive imaging method that can per-
form diffusion imaging and measurement of
water molecules in vivo [10]. DWI, as an early
diagnostic strategy, can detect the abnormal
characteristics of lesions before the visual
changes of conventional image morphology
[11], measure the apparent diffusion coeffi-
cient (ADC) quantitatively [12], so as to make
early differential diagnosis of lesions from met-
abolic function. Diffusion imaging plays an
important role in displaying sensitivity and dif-
ferential diagnosis of diseases, such as central
nervous system [12, 13] However, due to the
influence of respiration, heart beat and mag-
netic sensitive artifacts, application of lung
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DWI in diagnosis of lung tumors is still in the
initial stage [14].

According to the limitations of traditional DWI
imaging methods, Takahara et al. [12] devel-
oped a novel imaging method, named as “di-
ffusion weighted imaging whole body imaging
with background signal suppression (DWIBS)”,
to obtain thin-layer DWI. DWIBS can provide
multi-level stimulation and signal average
times in a slightly long time, can effectively
inhibit fat by using short T1 inversion recovery
(STIR)-EPI sequence, all of which improve the
quality of 3D reconstruction image of whole
body imaging [12]. DWIBS demonstrates a
good background signal suppression, which
can display the lesions and lymph nodes in a
stereoscopic and intuitive way. Through the
black-and-white reversal technology, DWIBS
could achieve the similar effect with pet, and
obtain PET-like image. DWIBS has been wi-
dely applied in the clinical diagnosis of brain,
nerve and pelvic diseases [15-17]. The latest
research [18] also shows that the lung DWIBS
can obtain high quality DWI images. At present,
many researches [19, 20] show that it is a
hot topic to display lung diffusion images in
lung tissues. It can be seen from the above
results that imaging sequence and parameters
are different due to the different MR scann-
ing equipment. Therefore, the criteria for select-
ing the best b value of chest DWI is still uncer-
tain, and ADC values vary greatly in different
studies.

In this study, the Philips InteraArchieva 3.0T
double gradient superconducting MRI scanner
was used, and the b values of background sig-
nal suppression diffusion weighted imaging
was set as b=300 s/mm?, 500 s/mm? and
800 s/mm?, respectively. Therefore, this study
aimed to determine application value of back-
ground inhibition diffusion weighted imaging in
diagnosis of solitary pulmonary lesions and
optimize b value.

Materials and methods
Subjects

This study involved 32 patients diagnosed as
solitary lung disease in Guangxi Medical
University from March 2011 to March 2013.
There were 20 males and 12 females, aging
from 25 to 75 years, with an average age of

Am J Transl Res 2021;13(1):88-101



DWIBS in diagnosing malignant pulmonary solitary lesions

50.88+15.63 years. The diameter of lesions
ranged from 1.4 to 10.0 cm, with an average
diameter of 4.72+2.67 cm.

This study has been approved by Ethical
Committee of People’s Hospital of Guangkxi
Zhuang Autonomous Region, Nanning, China.
All of the involved patients have provided the
written formed consents and approved this
study.

Inclusion criteria of patients

In this study, the patients complied with the fol-
lowing items have been involved in this study:
(D The CT images show solitary solid nodule or
mass in the lung tissues. @ The patients can
cooperate with MR scanning. 3 The patients
have not been administrated with any anti-
tumor treatment before MR scanning. @ There
is no contraindication of MRI in subjects. &
The data of patients with solitary pulmonary
lesions were confirmed by the pathology or clin-
ical follow-up.

MRI preparation

Before MRI examination, the inspection physi-
cian should describe the examination process
to the subjects and obtain their cooperation,
finally eliminating the tension of subjects. Keep
the patients in a stable state of mind, so as
to avoid the movement of the body caused by
sudden discomfort. The subjects should take
the supine position and hold the head with
both hands. The respiratory gating sensor was
tied to the most obvious part of the abdomen
or chest which fluctuated with the breath
movement. The front coil was covered on the
chest and the back coil was placed on the
back, the front coil and the back coil were
aligned, and the front coil was fixed with the
abdominal belt. The abdominal belt was tigh-
ten as much as possible without affecting the
subject’s breathing, and the subjects should be
informed keep breathing evenly as much as
possible to reduce the respiratory motion
artifacts.

In this study, the T1W1, T2W1, T2WI-SPAIR
were examined using Philips Intera Archieva
3.0T double gradient superconducting MRI
scanner (Philips, Holland, Switzerland) and
the corresponding software. Meanwhile, the
SENSE-XL-TORSO body phased array surface
coil was applied.
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Routine MRI examination

Prior to DWIBS examination, all patients were
administrated with the T1WI, T2WI, T2WI-
SPAIR scans. T1WI: The turboflashecho (TEF)
scanning was conducted with the a series of
parameters, including TR/TE=10/2.3 ms, layer
thickness of 7 mm, spacing of 1 mm, excita-
tion (NSA) 1 of one time, field of vision (FOV)
with 360 mm, matrix of 256x256 and scann-
ing time of 100 s. T2WI: The single shot turbo-
flashecho (SSTSE) scanning was conducted
with the following parameters: TR/TE=2300/
85 ms, breath trigger at the end of breath,
layer thickness of 7 mm, layer spacing of 1 mm,
excitations (NSA) of 1 time, FOV of 360 mm,
matrix of 256x256 and scanning time of
72 s. T2WI weighted the fat suppression: The
sense single-shot spectrum turbospin/spec-
trally selective attenuated inversion recovery
(SSHH/SPAIR) was conducted with the follow-
ing parameters, including TR/TE=1240/84,
layer thickness of 7 mm, layer spacing of 1
mm, excitation (NSA) of one time, FOV of 360
mm, matrix of 256x256 and scanning time of
2-3 min.

DWIBS scan

Sensitivity encoding (SENSE) and single shot
sensitivity-echo-planar imaging (SE-EPI) se-
quence were conducted for triggering the fat
suppression. In this study, the DWIBS was con-
ducted using b=300 s/mm?, 500 s/mm? and
800 s/mm?, respectively. For above three b
values, the other parameters were same as
the followings: 80 mT/m for high gradient
mode, sense acceleration factor of 2, TR of
7000 ms, TE of 56 ms, layer thickness of 4
mm, layer spacing of 1 mm. Diffusion sensitive
gradient was applied before and after 180°
pulse, and different intensity of diffusion sensi-
tive gradient was used for imaging. The other
parameters were listed as the followings: NSA
of 2, Tl of 235 ms, EPI factor of 39, acquisi-
tion for 150 layers, matrix of 256x256, acquisi-
tion time for 5-7 min. MPR and 3D MIP recon-
struction images were displayed using the
black and white flipping technology.

MRI image analysis and measurement of in-
dex

At the end of the MRI scan, a series of MRI
image information was transmitted to the
View forum 6.0 workstation (Philips, Holland,
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Switzerland). All the analyses were observed
and analyzed by two radiologists who were
engaged in chest imaging diagnosis under con-
dition of unknown pathological results.

Measurement of ADC value of lesions under
different b values: ADC data measurement
was directly carried out on ADC diagram using
the View forum 6.0 workstation (Philips, Hol-
land, Switzerland). Referring to the conven-
tional T2WI and T1WI images, the maximum
diameter of lesion was selected on ADC curve.
Region of interest (ROIl) with the same size
was selected from different locations of each
focus, and View forum 6.0 workstation was
placed in solid part of focus with uniform sig-
nals. During the measurement, the lesion edge
and visible necrosis area should be avoided,
taking the average value (mm?/s as ADC value
unit) for 3 times. When setting the position of
different ROIs, all of which in different b-value
images of each patient should be consistent as
much as possible. For different b values, the
region of interest should be taken at the same
location on the same level.

Single noise ratio (SNR): The calculation formu-
la for SNR was listed as follow: SNR=S ____/
SD . In the formula, “S ” was the signal

noise disease

intensity of lesion, and SD,_ ___ was the standard
deviation for signal intensity of background
noise at corresponding level. Both of them can
be directly measured on DWIBS image. The
measurement method for S, was equal to
that of ADC value. Then, ROI of the same area
and quantity was placed at the external air
background of the same layer (frequency cod-

ing direction) [12, 21].

Contrast noise ratio (CNR): CNR was calculat-
ed as follow: (S,....S, )/ SDoer @MONE
which the S ... was the signal intensity of
lesion, S ... Was the signal intensity of lesion
in the same layer of chest wall muscle, and
SD,,.. Was the standard deviation of back-
ground noise signal intensity of corresponding
layer. The measurement of S, ~and SD___
was the same as signal-to-noise ratio, and
then ROI of the same amount and area was
placed in the chest wall muscle of the same
level. Eventually, the average value was ob-

tained to obtain the final measurement data.

Moreover, the imaging characteristics for the
pulmonary solitary lesions on DWI and ADC
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images were also observed for b=300 s/mm?,
b=500 s/mm? and b=800 s/mm?, respec-
tively.

ADC diagnostic criteria

The normal test was conducted for ADC va-
lue. Meanwhile, the Student’s t test was also
conducted for analyzing ADC values between
benign lesion group and malignant lesion
group. ROC curve method was used to evalua-
te the diagnostic efficiency of ADC value in
order to obtain the diagnostic threshold of
ADC value. If the ADC value was lower than the
threshold value, it was defined as the malig-
nant, while if it was higher than the threshold
value, it was defined as benign.

Statistical analysis

In this study, SPSS 13.0 software (SPSS, Inc.,
Chicago, IL, USA) was used for statistical an-
alysis of data. The CNR and SNR data between
different b-value groups were analyzed using
one-way ANOVA. The ADC values of benign and
malignant lesions in different b value groups
were analyzed using Student’ t test. The p
value less than 0.05 was assigned as signifi-
cant difference.

The sensitivity, specificity and accuracy of dif-
ferent thresholds were also calculated. The
receiver operating characteristic (ROC) curve
under each b-value condition were drawn, and
the areas under curve (AUC) of which were
compared. Meanwhile, the identifying efficacy
of ADC value on solitary benign and malignant
lesions in different b-value groups was also
evaluated. AUC was considered to significant
when the value ranging from 0.5 to 1.0. The
larger the AUC was, the higher the diagnostic
efficiency was. Moreover, the ADC value with
high sensitivity, specificity and accuracy under
the optimal b-value condition was defined as
the diagnostic threshold value.

Results
Basic data for patients

There were 33 lesions in 32 patients, among
which there were 17 malignant tumors (18
lesions), including 13 lung cancers (13 lesions
in 5 adenocarcinoma, 3 squamous cell carci-
noma, 3 bronchioloalveolar carcinoma, 1 large
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Figure 1. Manifestation for the normal chest MRI, DWIBS and ADC images. A.
T1WI image. B. T2WI image. C. T2WI-SPAIR image. D. DWIBS image. E. ADC
image. F. MPR image.

ol

Figure 2. A patient, female, 65 years old. One month ago, nodular shadow
was found in the dorsal segment of the lower lobe of the right lung (white

arrow, b=500 s/mm?). A. Trans-
verse TAWI showed a isointensity
signal of lesion. B and C. Trans-
verse T2WI and T2-SPAIR images
showed a hyper-intensity lesion
with hazy border. D. Transverse
DWIBS image showed a hyper-
intensity lesion, which centre was
more obvious. E. The correspond-
ing level ADC image showed a
hypo-intensity lesion, which cen-
tre was more obvious. The ADC
value of the lesion was 0.56x103
mm?/s. F. Making MPR recon-
struction and black-white flip to
get imitation PET effect. It showed
a focal increased signal intensity
area in lung field.

cell carcinoma, 1 sarcoma-
toid carcinoma), 1 malignant
lymphoma (1 lesion), 1 malig-
nant solitary fibroma (1 le-
sion), 2 lung metastases (3
lesions). Meanwhile, there
were 15 cases of patients
with 15 benign lesions, in-
cluding 6 tuberculoma, 3
infammations, 2 inflammato-
ry pseudotumors, 2 hamarto-
ma, 1 benign solitary fibroma
and 1 pulmonary abscess.

Normal chest MRI, DWIBS
and ADC manifestation

For the chest wall muscles,
the signal intensity of T1WI
(Figure 1A) and T2WI (Figure
1B) was moderate, that of T2
was slightly low (Figure 1C),
and that of DWIBS (Figure 1D)
and ADC (Figure 1E) was
equal.

There was a low signal on
T1WI, T2WI, T2WI, DWIBS and
ADC in the cortex of ribs, ster-
num and thoracic vertebrae
(Figure 1). Because bone mar-
row is rich in fat, it showed
slightly hyper-intensity signal
on TIWI and T2WI, slightly
low signal on T2WI, and low
signal on DWIBS and ADC
(Figure 1). Because there
were many hematopoietic
cells in the bone marrow of
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Figure 3. A patient, Female, 33 years old, illustrating the nodular shadow of
the dorsal segment of the lower lobe of the right lung tissue (b=500 s/mm?).
A. MRI enhancement scan showed a non-homegeneous enhancement le-
sion with a non-enhancement liquefied necrotic area. B. Transverse T1WI
showed a uneven isointensity lesion. C and D. Transverse T2WI and T2-SPAIR
image showed a hyper-intensity lesion. E. Transverse DWIBS image showed a
hyper-intensity lesion, with a small patchy hypo-intensity. F. The correspond-
ing level ADC image showed a hypo-intensity lesion, which ADC value was
0.98x10° mm?/s. G. Imitation PET showed a focal increased signal intensity
area in lung field. H. HE staining of biopsy (maghnification, 200x) showed a
right lower lobe mucinous adenocarcinoma accompanied by necrosis.

thoracic vertebrae, the signal was hyper on
DWIBS and low on ADC (Figure 1). Pulmonary
parenchyma, tracheobronchial, cardiac cham-
ber and large vessels were all illustrated as
black on TAWI, T2WI and T2WI, and low signal
on DWIBS and ADC (Figure 1).

MRI, DWIBS and ADC manifestation of solitary
pulmonary lesion

Manifestation of peripheral lung cancer (13
lesions in 13 cases) (Figures 2, 3): Among 13
lesions, 10 were round-like and 3 were irregu-
lar. TAWI of 13 lesions showed slightly low or
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isointensity signal. For the
T2WI, there were obvious
hyper-intensity signals in 2
lesions, slightly hyper-intensi-
ty signals or isointensity sig-
nals in 10 lesions and slightly
low signals in 1 lesion. For
the T2-SPAIR, 10 lesions dem-
onstrated as obvious hyper-
intensity signals, and 3 lesions
showed slightly hyper-intensi-
ty signals or isointensity sig-
nals. Moreover, 11 Ilesions
demonstrated hyper-intensity
signals on DWIBS and low sig-
nal on ADC, 2 lesions showed
low signal on DWIBS and
hyper-intensity signal on ADC.

Manifestation of Malignant
solitary fibroma (1 lesion in 1
case) and malignant lympho-
ma (1 lesion in 1 case): For
the malignant solitary fibro-
ma, the lesion was round and
the edge was clear. The signal
was uneven, with isointensity
signal on T1WI, slightly hyper-
intensity signal on T2WI and
T2-SPAIR, hyper-intensity sig-
nal on DWIBS, and low signal
on ADC. For the malignant
lymphoma, which had irregu-
lar shape and uneven signal.
T1WI demonstrated isointen-
sity signals, T2WI and T2-
SPAIR with slightly hyper-
intensity signals, DWIBS with
hyper-intensity signal and ADC
with low signal.

Manifestation of Metastasis (3 lesions in 2
cases): The lesions were round like, with
smooth margin. The signals of two lesions were
uniform, isointensity signals on T1WI, slightly
hyper-intensity signals on T2WI and T2-SPAIR.
For another 1 lesion, the signal was not uni-
form, with isointensity signals on T1WI, and
higher signals on T2WI and T2-SPAIR. Three
lesions showed slightly hyper-intensity signals
on DWIBS and slightly low signal on ADC.

Manifestation of tuberculosis (6 lesions in 6
cases): Three lesions were round like and
another 3 lesions were irregular. Six lesions
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Figure 4. A patient, male, 30 years old, with symptom of dry-cough more
than a month (b=500 s/mm?). A. CT enhancement scan showed a mid-
homogeneous enhancement lesion. B. MRl enhancement scan showed the
significantly thin-walled ring enhancement of lesion. C. Transverse T1WI
showed a uneven isointensity lesion. D and E. Transverse T2WI and T2-SPAIR

ed slightly low signal. Two
lesions showed hyper-intensi-
ty signals on T2WI and
T2-SPAIR. Two lesions showed
low signals in DWIBS and
hyper-intensity signal in ADC
(Figure 5).

Manifestation of inflamma-
tory lesions (6 lesions in 6
cases): Two lesions were
round like and four lesions
were irregular. Five lesions
showed slightly low or isoin-
tensity signals on T1WI, one
showed slightly hyper-inten-
sity signals. Three lesions
showed hyper-intensity signal
on T2WI, and three lesions
showed slightly hyper-intensi-
ty signals. Six lesions demon-
strated hyper-intensity signals
on T2-SPAIR and two lesions
showed low signal on DWIBS
and higher signals on ADC.
Two lesions illustrated hyper-
intensity signal on DWIBS and
low signal on ADC (Figure 6).

Manifestation of benign soli-
tary fibroma (1 lesion in case):
The lesion was round and the
signal was even. The lesion
showed isointensity signals on

image showed an uneven hypo-intensity lesion, which border was hazy. F. TAWI, slight hyper-intensity

Transverse DWIBS image showed a hypo-intensity lesion. G. The correspond-
ing level ADC image showed a hypo-intensity lesion, ADC value of which was
2.5x10° mm?/s. H. HE staining of biopsy (magnification, 200x) showed a
left upper lobe tuberculosis accompanied by caseous necrosis.

showed slightly low or isointensity signals on
T1WI, one showed significantly hyper-intensity
signals on T2WI, and five showed slightly hy-
per-intensity signals. T2-SPAIR showed slightly
hyper-intensity signals in 1 lesion, and obvi-
ous hyper-intensity signals in 5 lesions. Four
lesions showed low signal on DWIBS, hyper-
intensity signal on ADC, while two lesions
showed hyper-intensity signal on DWIBS, low
signal on ADC (Figure 4).

Manifestation of hamartoma (2 lesions in 2
cases): The lesions were round like, with
smooth edge and uniform signal. One lesion
showed isointensity signal on T1WI, one show-
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signals on T2WI, hyper-intensi-
ty signals on T2-SPAIR, low
signals on DWIBS and hyper-
intensity signals on ADC.

Comparison for SNR of DWIBS in different b-
value groups

In all 32 patients of this study, there were 33
solitary pulmonary lesions. The SNR and CNR
values measured with DWIBS images with dif-
ferent b-value diffusion sensitive gradient fields
were listed in Table 1.

The ANOVA results showed that there were
statistically significant differences for the SNR
value among different b-value groups (Table 1,
P=0.000). According to the LSD analysis, there
was no significant difference for the SNR value
between b=300 s/mm? group and b=500 s/
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Figure 5. A patient, female, 34 years old, with symptom of cough more than
a month, undergoing anti-inflective reexamine (b=500 s/mm?). A. CT plain
scan showed a round soft tissue density left lower lobe lesion with smooth
border. B. MRI enhancement scan showed an uneven non-homegeneous
enhancement lesion. C. Transverse T1WI showed an uneven isointensity
lesion. D and E. Transverse T2WI and T2-SPAIR image showed a obvious
hypo-intensity lesion. F. Transverse DWIBS image showed an uneven hypo-

which b=500 s/mm? group
illustrating larger CNR value.
The LSD analysis indicated
there were no significant dif-
ferences for the CNR values
between b=300 s/mm? group
and b=500 s/mm? (Table 1,
P>0.05). The CNR value in
b=300 s/mm? group and
b=500 s/mm? was signifi-
cantly higher compared to
that in b=300 s/mm? group
(Table 1, P<0.05). According
to data of Figure 7 and Ta-
ble 1, when the b-value was
assigned as 500 s/mm?, the
MRDWIBS image demonstrat-
ed the higher SNR and CNR
value, represented the ideal
quality. Additionally, with the
increased b-value, the CNR
was firstly increased and then
decreased.

Comparison for ADC values of
benign and malignant solitary
lesions with different b values

In this study, the patients were
divided into benign lesions
group (15 lesions in 15 cases)
and malignant lesions group
(18 lesions in 17 cases). The
results indicated that ADC
value of malignant lesions in
different b-values (b=300 s/

intensity lesion. G. The corresponding level ADC image showed a obvious mm2, b=500 s/mm?2? and

hypo-intensity lesion, the ADC value of which was 3.5x10° mm?/s. H. HE
staining of biopsy (magnification, 200x) showed a left lower lobe hamarto-

matumors.

mm? group (Table 1, P>0.05). The SNR value
of 300 s/mm? and 500 s/mm? group was sig-
nificantly higher compared to that of 800 s/
mm? group (Table 1, P<0.05). Moreover, with
the increased b-values, the SNR value
decreased, and the image quality also reduced
(Table 1; Figure 7).

Comparison for CNR of DWIBS in different b-
value groups

Based on ANOVA findings, there were signifi-
cant differences for the CNR among different
b-value groups (Table 1, P=0.000), among
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b=800 s/mm?) was signifi-
cantly lower compared to
that of benign lesions (Table
2, t=-3.250, -4.670, -2.554,
respectively and P=0.003, 0.000, 0.016,
respectively). These results suggest that ADC
value is a feasible approach for distinguishing
the benign lesions from malignant lesions.

ROC curve analysis

ROC curve was used to analyze ADC value of
each b-value group for evaluating diagnostic
efficacy of pulmonary benign and malignant
lesions. The ROC curve showed that ADC val-
ues in three b-value groups demonstrated diag-
nostic significance (area under ROC curve
>0.5). The area under ROC curve with b-value
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Figure 6. A patient, female, 72 years old, with a left-upper lobe lesion (b=500
s/mm?). A. CT plain scan showed a irregular long shape lesion with hazy bor-
der. B. MRI enhancement scan showed a obvious enhancement lesion. C.
Transverse T1WI showed an uneven isointensity lesion. D and E. Transverse

73.5%, respectively. Accord-
ing to the ROC curve, the be-
st ADC threshold value for dif-
ferential diagnosis of benign
and malignant lesions, and
the sensitivity, specificity and
accuracy under this value
were illustrated in Table 3.
Therefore, when the b-value
was assigned as 500 s/mm?,
the best ADC threshold va-
lue was 1.435x10° mm?/s,
with high sensitivity, specifici-
ty and accuracy of 80.0%,
83.3% and 84.4%, respec-
tively (Table 3).

Discussion

Due to the limitation of breath
holding time, the traditional
DWI inevitably depletes part
of image resolution and SNR.
In view of the above limita-
tion, Takahara et al. [12]
developed a new imaging
background signal suppres-
sion DWIB). DWIBS can dis-
play the lesions in the sa-
me way as positron emis-
sion tomography, directly and
stereoscopically. Meanwhile,
DWIBS can illustrate DWI with

T2WI and T2-SPAIR image showed an obvious hypo-intensity lesion. F. Trans-

verse DWIBS image showed an uneven hypo-intensity lesion. G. The corre-
sponding level ADC image showed an obvious hypo-intensity lesion, the ADC
value of which was 2.1x10° mm?/s. H. HE staining of biopsy (maghnification,
200x) showed a left upper lobe inflammatory pseudotumors.

Table 1. Comparison for the SNR and CNR under three b values

on DWIBS (mean + SD)

high resolution and measure
ADC quantitatively. Because
of the improved ADC image
quality and accurate ADC
value measurement, DWIBS
has been widely applied in
lung diseases [18, 22].

b Values (s/mm?) No. of Sigrjal—noise Cont.rast—noise DWIBS is rarely used in evalu-

lesions (n) ratio (SNR) ratio (CNR) ating pulmonary benign and
300 33 46.238+2.28 40.232+1.86 ma”gnant nodules or mass-
500 33 45.301+2.47 41.559+2.21 es. Komori et al. [23] studied
800 33 31.43+3.24 20.774+2.45 the value of DWIBS compar-
F Value 38.662 7.863 ed with PET in differentiating
p Value 0.000 0.000 benign and malignant nodul-

of 500 s/mm? was 83.0%, with the highest dif-
ferential diagnosis efficiency (Figure 8; Table
3). The AUC value of b-value for 300 s/mm?
and b-value for 800 s/mm? was 78.3% and
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es or masses in lung, and
proved that DWIBS was more
specific than PET. Therefore, DWIBS is more
valuable than PET in differentiating benign and
malignant pulmonary nodules or masses. In
recentyears, DWIBS has been gradually applied
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Figure 7. The DWIBS, imitation PET, TAWI and T2WI images for the pulmo-
nary lesions under different b-values. A-F. The DWIBS, imitation PET images
under 300, 500, 800 s/mm?showed that the SNR was decreased with the
increase of b-value. There were no significant differences for SNR between
b-value=300 s/mm?and 500 s/mm? and lesions were displayed clearly. The
SNR obviously decline when the b-value was assigned as 800 s/mm?2, and
the lesions were displyed fuzzily. G and H. Right lower lobe lesion was slightly
hypo-intensity on the TAWI, and was isointensity on the T2WI.

Table 2. Comparison of ADC value (x10° mm?/s) between solitary
pulmonary malignant and benign lesions under three b values

b-value, as a diffusion sensi-
tive factor, can be selected
by the operator in DWIBS
inspection [24]. The selec-
tion of b-value can affect the
DWIBS image quality, ADC
value and accuracy [25],
therefore, b-value selection
is considered to be a very
important parameter. The
previous studies [26, 27]
reported that the b-value
mainly ranges from 0 s/mm?
to 1000 s/mm? for the study
of DWI and ADC values of
lung tumors. Colagrande et
al. [28] reported that the
larger the b-value is, the
worse the image quality is.
When the b-value is more
than 1000 s/mm?, the SNR
and spatial resolutions are
lower, the magnetic sensitive
artifacts are more serious,
and the image quality is sig-
nificantly reduced. Presently,
DWI technology for qualita-
tive analysis of pulmonary
nodules or masses is the
most recommended b-value
(500-800 s/mm?2). There-
fore, the numerical consis-
tency is good. This study
was conducted under the
3.0T high-field MRI equip-
ment by selecting b-value of
300 s/mm?, 500 s/mm? and
800 s/mm? The findings
showed that SNR was higher
when b value was assigned
as 300 s/mm? and 500 s/

Groups No. of b Values (s/mm?) mm?. While, following with
lesions (n) 300 500 800 the increase of b-value, the

Benign lesions 15 2.175+0.266 1.659+0.282 1.311+0.3 SNR and image quality was
Malignant lesions 18 1.895+0.227 1.300+0.180 1.044+0.387 decreased. According to the
t Value -3.250 -4.464 -2.554 ANOVA results, there was
p Value 0.003 0.000 0.016 significant difference for the
CNR among different b-va-

lue groups (P=0.000), among

in clinic, reflecting the information of pulmonary which b=500 s/mm? group demonstrated the
nodules or masses non-invasively. Therefore, largest CNR. When the b-value was defined as
DWIBS has also been opened up a new way for 500 s/mm?2, DWIBS image demonstrated the
the differential diagnosis of benign and malig- higher SNR and CNR, and the better DWI image
nant pulmonary nodules or masses. quality. Therefore, the b-value can be used for
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ROC curve
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Figure 8. Three b-values ROC curve on ADC values.

ADC value measurement. Moreover, in this
study, there was also significant difference for
the ADC value between benign lesions and
malignant lesions.

DWI is the an imaging method that can detect
the micro-movement of water molecules in liv-
ing tissues. Most of the benign lesions show-
ed relatively complete cell structure in histolo-
gy, with low cell proliferation, low cell density
and large extracellular space [29]. Therefore,
DWIBS signal is low and ADC value is increas-
ed. The lung parenchyma is very sensitive
because of the lack of gas signal. Generally,
most benign lesions show relatively low signal
on DWIBS and high signal on ADC, while most
malignant tumors show obvious high signal
on DWIBS, low signal on ADC, low signal on
necrotic cystic part, and high signal on ADC
[11]. According to the above criteria, it has a
certain value for the differential diagnosis of
typical benign lesions and common malignant.
Agnello et al. [30] found that 87% of benign
lesions, such as focal nodular hyperplasia or
adenoma in the liver, showed high signals on
DWIL. In this study, according to the above-men-
tioned typical benign lesions and common
malignant tumors for DWIBS visual inspection
criteria, the diagnostic coincidence rate was
80%. In this study, 20% patients didn’'t con-
form to the above two manifestations. Among
which, 4 cases were benign lesions (2 tubercu-
losis, 2 inflammatory nodules), showing high
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1.0

signals on DWIBS and low sig-
nals on ADC, and 2 cases
Curve source were malignant lesions (all
— 2308 peripheral lung cancer), show-
b800 ) ing low signals on DWIBS
~ Referenceline  3n4 high signals on ADC. The
signals of benign and malig-
nant lesions still overlapped
to some extent and were
not completely characteristic.
Therefore, it is difficult to dis-
tinguish the nature of lesions
only by signal characteristics,
and it is necessary to use ADC
value to analyze the lesions
quantitatively.

It has been reported that DWI
signal and ADC value of pul-
monary solitary lesions play a
certain role in differentiating
benign from malignant. However, DWIBS is
rarely used in the evaluation of pulmonary
benign and malignant nodules or masses [18].
A previous study [31] showed that the ADC
value of most malignant tumors was lower than
that of benign tumors. However, due to the
complexity and diversity of tumor cell compo-
nents and internal structures of different
pathological types, and the different levels
of blood perfusion, there is a large degree of
overlap between ADC values. Our study show-
ed that b=500 s/mm? was the best b value for
DWIBS in lung solitary benign and malignant
lesions. Under this b-value, ADC values of
benign and malignant lesions were (1.659+
0.282)x10° mm?/s and (1.300£0.180)x103
mm?/s, respectively. The ADC value of malig-
nant lesions was significantly lower compared
to that of benign lesions. The results of this
study are also consistent with the findings of
the DWIBS focusing on the other parts [32, 33].
The previous studies [32, 33] reported that that
there are high signals for the malignant lesions
on DWIBS, and the ADC value of malignant
lesions is significantly lower than that of benign
lesions. Therefore, we believe that the quantita-
tive analysis of ADC value is useful for the iden-
tification of pulmonary solitary lesions.

In this study, the ROC curve was drawn and
the b-values of 300 s/mm?, 500 s/mm? and
800 s/mm?, were selected. respectively. The
ADC value demonstrated the most effective
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Table 3. The analysis results of three b-value ROC curve on ADC values

b Values (s/mm?)

Area under curve  ADC threshold (x103

Sensitivity (%)  Specificity (%)  Accuracy (%)

(AUC) mm?2/s)
300 0.783 1.920 80.0 72.2 69.7
500 0.830 1.435 80.0 83.3 84.4
800 0.735 1.195 53.3 61.1 57.6

differential diagnosis for the pulmonary soli-
tary benign and malignant lesions when the
b-value was assigned as 500 s/mm?2. Under
the b value of 500 s/mm?2, ADC value of
1.435%x100° mm?/s was taken as the diagnos-
tic threshold value for the diagnosis of pulmo-
nary solitary benign and malignant lesions,
with the higher sensitivity, specificity and
accuracy of 80.0%, 83.3% and 84.4% re-
spectively. The present results showed that
the ADC value measured by DWIBS demon-
strated the potential to differentiate benign
and malignant lung lesions. Moreover, DWIBS
is also hopeful to become a new and useful
tool for differential diagnosis. With the deve-
lopment of software and hardware technology
of 3.0T or above ultra-high field strength equip-
ment, the best value range for b-value in chest
DWIBS and the threshold standard of ADC
value to distinguish benign and malignant
lesions need further study and confirmation in
following studies.

There are still a few shortcomings in this
study. Firstly, the whole time for scanning on
3.0 TMRI is relatively long, and the effect of
respiratory and cardiac pulsation artifacts on
the location and quality of lesions is large, all of
which need to be analyzed in combination
with conventional MRI images. Secondarily,
DWIBS imaging showed that there was a large
overlap between benign and malignant lesions.
Thirdly, DWIBS suppresses the background sig-
nals and the image lacks enough anatomical
information. Fourthly, for some small lesions
(less than 1.0 cm in the lung), DWIBS demon-
strated poor display ability.

In conclusion, this study attempted to explore
the application value of DWIBS in diagnosis of
32 cases of pulmonary solitary benign and
malignant lesions and optimize the best b-val-
ue and improved the quality of DWI images
using 3.0T MRI DWIBS. Our results showed that
when b-value was assigned as 300, 500 and
800 s/mm?, the SNR and CNR of image
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decreased with the increase of b-value. The
SNR and CNR values of b=300 s/mm? and
b=500 s/mm? group were significantly higher
compared to that of b=800 s/mm?2. The ADC
value of malignant lesions was significantly
lower compared to that of benign lesions.
When b-value was assigned as 500 s/mm?,
the area under ROC curve was the largest, indi-
cating that the b-value demonstrates the high-
est diagnostic efficiency. The sensitivity, speci-
ficity and accuracy for the DWIBS was 80%,
83.3% and 84.4%, respectively. Therefore, the
quantitative analysis of ADC value is helpful for
the qualitative diagnosis of pulmonary solitary
lesions, and demonstrates the potential to dis-
tinguish benign and malignant pulmonary soli-
tary lesions.
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