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Objectives: The objective is to compare the efficacy of
diffusion-weighted imaging (DWI) parameters of mean
and minimum apparent diffusion coefficient (ADCean
and ADCn,) and intravoxel incoherent motion (IVIM) in
the differentiation of benign and malignant lung nodules
and masses.

Methods: Lung lesions measured larger than 1.5cm on
CT were included between August 2015 and September
2018. DWI (10 b-values, 0-1000s/mm?) scans were
performed, and the data were post-processed to derive
the ADCpean, ADCpin @and IVIM parameters of true diffu-
sion coefficient (D), pseudodiffusion coefficient (D*) and
perfusion fraction (f). An independent sample t-test or
Mann-Whitney U test was used to compare benign and
malignant parameters. Receiver operating characteristic
curves were generated and a Z test was used.

Results: 121 patients were finally enrolled, each with
one lesion. Examined 121 lesions were malignant in 88
(72.7%) and benign in 33 (27.3%). The ADCean of malig-
nant pulmonary nodules was significantly lower than
that of benign pulmonary nodules (¢t = 3.156, p = 0.006),

INTRODUCTION

The diagnosis of pulmonary nodules and masses remains a
challenge in clinical practice. CT is currently the preferred
imaging technique; however, diagnosis by CT is still based
on morphological criteria. Contrast-enhanced CT can
obtain information regarding blood perfusion; however,

whereas the other parameters revealed no signifi-
cant differences (p = 0.162-0.690). Receiver operating
characteristic curve analysis revealed that an ADCean
threshold value of 1.43 x 107% mm?/s yielded 88.57%
sensitivity and 64.29% specificity. While for lung masses,
the ADCpeans ADCphin, D and D* values in malignant
pulmonary masses were significantly lower (P<0.001-
0.011). Among them, the D value exhibited the best diag-
nostic performance when the threshold of D was 1.23 x
1073mm?/s, which yielded a sensitivity of 90.57% and a
specificity of 89.47% (Z = 2.230, 3.958, 2.877 and p =
0.026, <0.001 and 0.004, respectively).

Conclusion: ADC is the most robust parameter to differ-
entiate benign and malignant lung nodules, whereas D is
the most robust parameter to differentiate benign and
malignant lung masses.

Advances in knowledge: This is the first study to
compare all the quantitative parameters of DWI and
IVIM mentioned in the literatures for assessing lung
lesions; Second, we divided the lesions into lung nodules
and lung masses with the size of 3cm as the boundary.

this method has limited specificity in the presence of active
granulomas and hypervascular lesions.! Other imaging
methods include CT perfusion (CTP), positron emis-
sion tomography-CT (PET-CT), and dynamic contrast-
enhanced MRI (DCE-MRI). Though these techniques have
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their own advantages, they all require an injection of contrast
medium.

Diffusion-weighted MRI (DW-MRI) is a radiation-free and
contrast-free functional imaging technique that quantitatively
evaluates the motion of water molecules within tissue. It has been
reported that the quantitative parameter of the apparent diffu-
sion coefficient (ADC) has the potential to differentiate benign
and malignant lung lesions”™; however, ADC is influenced by
both diffusion and perfusion effects. Conversely, the biexponen-
tial model of DWI, the intravoxel incoherent motion (IVIM),
can distinguish between molecular diffusion and microcircular
perfusion to obtain the true diffusion coefficient (D), pseudo
diffusion coefficient (D*), and perfusion fraction (£).6

Recently, interest has grown in discussing the application of
DWI- and IVIM-derived parameters in the identification of
benign and malignant lung lesions. Often, different studies have
used different parameters, resulting in varied outcomes."”®
Weller® et al and Jiang'® et al suggested that the size of the lesions
was the influencing factor that led to the measurement variability
of ADC and IVIM parameter values in lung cancer. Thus, we
hypothesised that the lesion size may also affect the diagnostic
performance of ADC and IVIM parameters. Furthermore, it
remains to be clarified whether the diagnostic index and cut-off
values for smaller size lung nodules and larger size lung masses
are the same.

Therefore, we aimed to evaluate the efficiency of the mean and
minimum ADC values (ADC,e., and ADC,;,) and the IVIM
parameters D, D*, and f in the diagnosis of pulmonary nodules
and masses, with the goal of providing a theoretical basis for the
clinical evaluation of pulmonary nodules and masses by these
parameters.

METHODS AND MATERIAL

Patients

The local Research Ethics Committee approved this study, and
informed consent was obtained from each patient. Inclusion
criteria were as follows: (1) the maximum tumour diameter
measured >1.5cm on conventional thin-section area-detector
CT scans (Siemens 64-slice SOMATOM Definition Flash dual-
source CT) obtained with a lung window setting, and the ground
glass, calcification, necrosis, and cavity components of the
tumour measured less than one-third of the lesion; (2) the patient
received no prior antitumour treatment or invasive examinations
such as puncture biopsy or bronchoscopy, and histopathological
findings were obtained within 1 month of MR examination; and
(3) absence of MRI examination contraindications. From August
2015 to September 2018, eligible patients were included in the
study for MR examination.

MR imaging protocols

All MRI examinations were performed on a 3 T MR scanner
(Verio Tim; Siemens, Erlangen, Germany) with 8-channel phased
array surface coils and with the patients in the head-first supine
position. The abdominal belt was used to compensate respiratory
motion artefacts. Scan sequences included routine MR plain scan
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and DWI scans: (1) coronal single-shot fast-spin echo breath-
hold T, weighted imaging (WI): repetition time (TR) 1200 ms,
echo time (TE) 83 ms, matrix 288 x 288, field of view (FOV) 36 x
36 cm, slice thickness 6 mm, interslice gap 7.2 mm, and 20-slice
scanning; (2) axial fat-suppressed respiratory-triggered T,WTI:
TR 2000 ms, TE 90 ms, matrix 320 x 320, FOV 36 x 36 cm, slice
thickness 5mm, inter slice gap 6.5mm, and 28-slice scanning;
(3) axial fat-suppressed breath-hold T;WI: TR 4.22 ms, TE 1.9
ms, matrix 384 x 384, FOV 38 x 38cm, slice thickness 3 mm,
interslice gap 0.6 mm, and 64-slice scanning; and (4) axial free-
breathing single-shot spin echo DWTI: b values of 0, 50, 100, 150,
200, 250, 300, 500, 800, 1000s/mm?, TR 7600 ms, TE 67 ms,
matrix 128 x 160, FOV 36 x 31 cm, slice thickness 6 mm, inters-
lice gap 0.6 mm, receiver bandwidth 2442 Hz/pixel, parallel factor
2 (performed by using k-space algorithm (generalised autocali-
brating partially parallel acquisition, GRAPPA, Siemens)."!

Image analysis
DWTI data were post-processed with mono- and biexponential
models.

ADC

For the monoexponential model, ADC maps were generated on
the Siemens post-processing workstation (syngoMMWP) using
all 10 b-values based on the equation S, = Syexp (-bADC). Sy and
Sy, represent the signal intensities at a b value of 0s/mm? and a
specified b value, respectively. Then, the ADC,, and ADC;,
values were obtained meanwhile from drawing one region of
interest (ROI) at the level of maximum transverse diameter of
the tumour on ADC maps. ROI was manually outlined along
the edge of the lesion including the solid components as much
as possible and visually identified calcifications, large vessels,
necrosis areas, and artifacts were excluded by referring to CT and
MR images.>'>"” Three times of measurements were performed,
and the ADC,.., and ADC,;, were the average values of three
measurements.

IVIM

For the biexponential model, IVIM data were processed offline
with an in-house software, the open-source medical imaging
interaction toolkit MITK!**>(MITK Diffusion, v. 2014;
DKFZ, Heidelberg, Germany) (http://mitk.org/wiki/MITK). The
process was based on the following equations'®:

Sp/So = ebD )
Sy/So = fe PP+ (1 )P )

where f is the fraction of perfusion, D is the diffusion coefficient
representing pure molecular diffusion, and D* is the pseudo-
diffusion coeflicient representing blood microcirculation perfu-
sion in the capillary network. The contribution of D* to signal
attenuation can be neglected at higher b values (typically above
200s/mm?).'>!17 Thus, the curve was fitted for high b values to
the single parameter of D' (using Eq. 1). Subsequently, with D
as a constant, the curve was fitted for f and D* to all b values'”
(using Eq. 2). Then, the f and D* values were automatically calcu-
lated. The ROIs were kept as close as possible to those on ADC
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maps. The parameters were also measured thrice, and the average
values were recorded.

Two radiologists (observers A and B, with 5 and 10 years of expe-
rience in MRI reading, respectively) independently measured
and recorded the parameters. After an interval of 2 weeks, each
radiologist performed the second analysis.

Statistical analysis

Statistical analysis was performed using SPSS 20.0 (IBM, Chicago,
IL) and MedCalc 12.3.0 (Mariakerke, Belgium). Interobserver
reproducibility was assessed with an interclass correlation coef-
ficient (ICC), and the agreement was considered good when the
ICC >0.75. All parameters were tested for normal distribution
using the Kolmogorov-Smirnov test. Independent sample ¢-tests
(normal distribution) or Mann-Whitney U tests (non-normal
distribution) were used to compare the differences between the
parameters in benign and malignant lung nodules and masses.
Receiver operating characteristic (ROC) curves were generated
to evaluate the parameters’ performances in the diagnosis of
lung lesions and to identify the cut-off values. We determined
the optimal threshold values resulting in the highest accuracy.
A Z test was used to compare the differences in the areas under
the ROC curves (AUCs). A p-value less than 0.05 was considered
significant.

RESULTS

From August 2015 to September 2018, 131 consecutive patients
were initially recruited. Among them, patients with pathology
confirmed lung abscesses (n = 3) and images with poor quality
which demonstrated serious geometric distortion and artefacts
(n = 7)"were excluded. The remaining 121 patients including 74
males and 47 females (mean age 60.2 years; range, 21-80 years)

Table 1. The detailed pathological results of lesions
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were finally enrolled, each with one lesion. The average lesion
size was 3.72 + 1.71cm (range, 1.5-9.0cm). There are 49 lung
nodes and 72 lung masses with a size of 3 cm as the boundary.'®
All lesions were confirmed by pathological examination: 54
cases by surgery, 31 cases by percutaneous lung biopsy, 34 cases
by fibreoptic bronchoscopy biopsy, and two cases by identifica-
tion of cancer cells in pleural effusion. The patients confirmed as
benign cases were followed up for at least 6 months. A total of
88 malignant tumours and 33 benign tumours were observed.
Table 1 summarises the detailed pathological characteristics of
these lesions.

Intra- and Interobserver reproducibility

All parameters revealed good intra- and interobserver agree-
ment, except for D* (ICC 0.745). The intraobserver ICCs of the
ADCean» ADCpin, D, DX, and f values are 0.970, 0.810, 0.931,
0.869 and 0.844, respectively. The interobserver ICCs of the
ADC pean» ADCin, D, D*, and f values are 0.862, 0.758, 0.919,
0.745 and 0.803, respectively.

Differences in parameters between benign and
malignant pulmonary nodules

The ADC,,¢,, of malignant pulmonary nodules was significantly
lower than that of benign pulmonary nodules (t = 3.156, p =
0.006). In contrast, the ADC,,;,,, D, D* and f values revealed no
significant differences between benign and malignant pulmo-
nary nodules (p = 0.162-0.690) (Table 2).

Differences in parameters between benign and
malignant pulmonary masses

The ADC ¢, ADC i, D and D* values of malignant pulmonary
masses were significantly lower than those of benign pulmonary

Lung nodes (n = 49) Lung masses (n = 72)
Malignant (n = 88) Adenocarcinoma 22 29
Squamous cell carcinoma 5 14
Small-cell lung cancer 3 6
Undifferentiated type of non-small cell lung cancer 4 1
Lymphoid epithelioid carcinoma 1
Pulmonary MALT lymphoma 1
Large cell neuroendocrine tumor 1
Metastasis 1
Benign (n = 33) Tuberculoma 2 3
Organised pneumonia 4 7
Granuloma 3
Fungal infections 6
Sclerosing pneumocytoma 4 2
Inflammatory pseudotumor 1
Bronchial cyst 1

MALT, mucosa-associated lymphoid tissue.
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Table 2. Difference of parameters between benign and malignant pulmonary nodules and masses
ADC,ean ADC,i, D D*
(x107> mm?/s) (x102 mm?/s) | (x10°mm?/s) | (x107>mm?/s) £ (%)
Lung Malignant (n = 1.18 + 0.22° 0.62+0.19° 1.11+0.25° 16.89 + 16.14¢ 18.95 +10.92°
nodules 35)
(n=49) b b b b
Benign (n =14 ) 1.52+0.38 0.67 +0.28° 1.30 +0.44 12.67 + 8.44° 23.25+9.36
t/Z 3.156 0.597 1.463 -0.399 1.293
P 0.006 0.558 0.162 0.690° 0.202
Lung Malignant (1 = 119 +0.22° 0.63 +0.24° 1.00 +0.22° 11.43 +7.45° 17.71 £10.13°
masses 53)
(n=72) : b b b b b
Benign (1 =20 ) 1.78 +0.64 0.83 + 0.37 1.55+0.51 22.21 +13.96 22.23+13.88
1z ~3.954 2.662 4.536 -2.529 1.843
P 0.001 0.010 <0.001 0.011 0.070

ADC, apparent diffusion coefficient.

@Mann-Whithey U test, the rest are independent sample t-tests. p < 0.05 considered statistically significant.
Pparameter values showed a normal distribution, expressed as means * standard deviations.
“Parameter values showed a nonnormal distribution, expressed as medians * interquartile ranges.

masses (P<0.001-0.011); however, no significant difference was
observed in the f values of benign and malignant lung masses (p
=0.070) (Table 2).

The efficacy of ADCean in the diagnosis of benign
and malignant pulmonary nodules

ROC curve analysis revealed that when the cut-off value of
ADC,can Was 1.43 x 10> mm?/s, the area under the curve (AUC)
in diagnosing benign and malignant pulmonary nodules was
0.769, with a sensitivity and specificity of 88.57% and 64.29%,
respectively. According to this threshold, ADC can correctly
diagnose 85.71% (30/35) of malignant pulmonary nodules and
64.29% (9/14) of benign pulmonary nodules. A representative
case of lung nodules is shown in Figure 1 and a representative
false-positive case is shown in Figure 2.

The efficacy of the ADCpean, ADChin, D, and
D*Values in the diagnosis of benign and malignant
pulmonary masses

The results of ROC curves for ADC,,.,,, ADCpip, D and D*
values in lung masses are illustrated in Figure 3 and Table 3.
ROC curve analysis showed that the D value had the largest
AUC (0.882) when the threshold of D was 1.23 x 10> mm?/s,
resulting in a sensitivity of 90.57% and a specificity of 89.47%.
Conversely, the ADC,¢an, ADCy, and D* values demonstrated
inferior diagnostic performances compared to the D value, with
AUC:s of 0.805, 0.667 and 0.696, respectively (Z = 2.230, 3.958,
2.877 and p = 0.026, <0.001 and 0.004, respectively). According
to the threshold of D and ADC, D can correctly diagnose 88.68%
(47/53) of malignant pulmonary masses and 89.47% (17/19) of
benign pulmonary masses, and ADC can correctly diagnose
92.45% (49/53) of malignant pulmonary masses and 63.16%
(12/19) of benign pulmonary masses. A representative case of
lung masses is shown in Figure 4.

DISCUSSION

In malignant tumours, increased cellular proliferation and
decreased extracellular space restrict the diffusion of water mole-
cules, and DWI is characterised by high signal intensity while
the ADC map shows relatively low signal intensity.*'*Therefore,
as reported previously, the ADC value of a malignant tumour
is lower than that of a benign tumour.>®'**® Meta-analyses
have also confirmed the result in lung cancer.” In the present
study, we performed separate comparisons in lung nodules and
masses and found that the ADC mean value demonstrated good
diagnostic performance in both lesion types, a result which is in
accordance with those of previous studies.>”®!*?! Further, the
present research”!*? on repeatability has shown the ADC value
to be well-replicated, indicating that the ADC ., is a relatively
stable and clinically viable diagnostic parameter.

At present, there were also studies?** based on the assumption
that the ADC,;, would more accurately represent the most inva-
sive components within tumours. Cakmak® et al and Usuda* et
al found a higher diagnostic capability of ADC;, in assessing
pulmonary lesions compared to lesion-to spinal cord signal
intensity ratio (LSR) and PET. However, in this study, ADC,,
was found to be a relatively poor diagnostic index. These results
presumably reflect the fact that ADC;, is an extreme value and is
thus easily influenced by variations in measurement and suscep-
tible to partial volume effects. Volumetric-based histogram anal-
ysis may reduce measurement variability,”>*® and Yuan®® et al
demonstrated that histogram analysis of ADC;, showed signifi-
cantly higher AUC values than mean ADC, indicating that histo-
gram metrics could be a more promising method for assessing
lung nodules and masses.

Theoretically, D is more accurate than ADC in probing water
molecule diffusion in tumours. Studies by Yuan®** et al and
Wan® et al have confirmed the greater diagnostic value of D in
lung cancer; however, Koyama et al' and Deng et al” have reported
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Figure 1. A representative case of pulmonary nodules. A
57-year-old male confirmed as granulomattis in the right
lower lung zone by surgery. (a) CT image. (b) DWI image (b =
8005s/mm?). (c) ADC map. (d) IVIM-D map. (&) IVIM-D* map.
(F) IVIM-f map. (g9) The generated curve of IVIM. (h) Photomi-
crograph of the lesion (HE x 200). The measured ADCeanWas
1.54 x 107% mm?/s, which was greater than the cut-off value
1.40 x 1073 mm?/s and thus indicated a benign tumour. Con-
versely, the measured D value was 0.98 x 107° mm?/s, which
cannot conclusively diagnose a benign nodule. In this case,
the data fitting of the IVIM curve (d), particularly for D* and
f, may be inaccurate due to the presence of outliers. ADC,
apparent diffusion coefficient; DWI, diffusion-weighted imag-
ing; IVIM, intravoxel incoherent motion.

0 200 400 600 800
= £=0.204314, D=0. 000985506, D+*=0.04272

that D was insufficient in the differential diagnosis, and Wan®’
et al found that D has similar diagnostic ability compared with
conventional ADC. In the present study, the D value performed
better than the ADC mean value in larger size lung masses.
Nevertheless, no significant differences were observed in the D
values of benign and malignant lung nodules, suggesting that
the size of the lesion may influence the diagnostic performance.
This result could be interpreted as evidence that, similar to the
ADC value, the D value is also vulnerable to motion and suscep-
tibility artifacts and the partial volume effect."' We hypothe-
sised that these effects were particularly evident in smaller size
lung lesions. Electrocardiogram (ECG) gating can potentially
avoid pulsation artefacts, but this technique is time-consuming
and is not commonly used in clinical practice.”*** Weller et al’
proposed that respiratory motion has a greater impact on smaller
lesions, and in the future the use of motion compensation proto-
cols may be warranted when assessing small lesions. Further,
Koyama' et al reported that obtaining multiple b values for IVIM
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Figure 2. A representative false-positive case. A 61-year-old
male confirmed as organic pneumonia in the right lower lung
zone by surgery. (a) CT image. (b) DWI image (b = 800s/
mm?). (¢) ADC map. (d) IVIM-D map. (e) IVIM-D* map. (f)
IVIM-f map. (g9) The generated curve of IVIM. (h) Photomi-
crograph of the lesion (HE x 200). The measured ADC and D
values were 1.06 x 1072 mm?/s and 0.93 x 10~° mm?/s, respec-
tively, which were both lower than the cut-off values. The
photomicrograph indicated that the alveoli were compressed,
and a large number of lymphocytes had infiltrated the lesion.
ADC,apparent diffusion coefficient; DWI, diffusion-weighted
imaging; IVIM, intravoxel incoherent motion.

0 200 400 600 800 1,000
= £20. 220294, D=0.000932665, D+=0.02335 A

Figure 3. ROC curves for ADCean, ADCpin, D and D* values
in the diagnosis of benign and malignant pulmonary masses.
The AUCs of ADCneans ADCin, D and D* were 0.805, 0.667,
0.882 and 0.696, respectively. The D value under the largest
AUC when the threshold of D was set to 1.23 x 10™3mm?/s,
with a sensitivity of 90.57% and a specificity of 89.47% (Z =
2.230, 3.958, 2.877 and p = 0.026, <0.001 and 0.004, respec-
tively). ADC, apparent diffusion coefficient; AUC, area under
the curve; ROC, receiver operating characteristic.

100

80|

60 |-

—— ADCmean
---- ADCmin
o D

Sensitivity

20F

o= L L L L L
0 20 40 60 80 100
100-Specificity

50f 8 birpublications.org/bjr

Br J Radiol;93:20190400


http://birpublications.org/bjr

BJR Jiang et a/

Table 3. Results of ROC curve analysis of malignant pulmonary masses

Thresholds AUC Sensitivity Specificity
ADCean 1.46 x 10> mm?/s 0.805 (0.665-0.866) 92.45% 63.16%
ADCpyiy 0.67 x 10> mm?/s 0.667 (0.528-0.757) 64.15% 73.68%
D 1.23 x 10> mm?/s 0.882 (0.755-0.928) 90.57% 89.47%
D* 15.9 x 10> mm?/s 0.696 (0.555-0.780) 79.25% 63.16%

ADC, apparent diffusion coefficient; AUC, area under the curve; ROC, receiver operating characteristic.

curves is time-consuming and error-prone. Taking these factors
into consideration, the utility of IVIM parameters in the diag-
nosis of small size lung nodules in clinical practice is still worth
discussing.

Figure 4. A representative case of pulmonary masses. A
58-year-old male confirmed as squamous cell carcinoma in
the left lower lung zone by surgery. (a) CT image. (b) DWI
image (b = 800s/mm?). (c) ADC map. (d) IVIM-D map. (e)
IVIM-D* map. (f) IVIM-f map. (9) The generated curve of IVIM.
(h) Photomicrograph of the lesion (HE x 200). The meas-
ured D value was 1.21 x 107° mm?2/s, indicating a malignant
tumour, whereas the measured ADCpean (1.56 x 1075 mm?/s)
was obviously higher, suggesting that it was influenced by
the perfusion effect. ADC, apparent diffusion coefficient;
DWI, diffusion-weighted imaging; IVIM, intravoxel incoherent
motion.

1

0 200 400 600 800 1,000
= £=0. 0920314, D=0.00121077, D*=0.02782 ~

This study showed that the threshold of ADC for the diagnosis of
benign and malignant lung nodules and masses was 1.43 x 10~
and 1.46 x 107> mm?/s, respectively, and the threshold of D was
1.23 x 107> mm?/s. These results fall within the range reported
in the literature, although the cut-off values used in different
studies vary.">*?! This variability may be related to inconsisten-
cies in the sample size, scanning equipment, sequences and post-
processing methods of different studies. 3 T MRI was used in this
study. The magnetic field inhomogeneity and magnetic suscep-
tibility artefacts in 3 T MRI are higher than those in 1.5 T MRI.
However, the combination of parallel acquisition technology
can accelerate image acquisition and reduce DWT artefacts. At
the same time, the choice of b values affects the generation of
ADC and D maps. However, there is no uniform standard for
the selection of b values in current studies. Future research needs
to acquire consistency in these aspects to ensure similar results
across multiple institutions.

In the present research, according to the thresholds, ADC and
D diagnosed most malignant nodules (ADC, 30/35) and masses
(ADC, 49/53 and D, 47/53). However, for benign lesions, the
diagnostic efficiency of ADC (lung nodules, 9/14 and lung
masses, 12/19) and D (lung masses, 17/19) decreased, with the
ADC values exhibiting a particularly striking decrease. The ADC
value has been shown to be ineffective in the diagnosis of tuber-
culosis, organic pneumonia, fungal infection and granuloma.
The lower diagnostic efficacy of ADC in these diseases may result
from extravasation and inflammatory cell infiltration, purulent
exudate, fibrous tissue hyperplasia, and increased cell viscosity,
which impede the diffusion of water molecules and cause their
ADC or D values to decrease and overlap with those of malig-
nant lesions.”

The IVIM perfusion fraction (f) is the volume of the capil-
lary network detected by MRI, and thus, f mainly represents
the blood volume.® Deng’ et al and Wang'? et al found that
the f value of localised inflammatory lesions and obstructive
pulmonary consolidation was significantly higher than that
of malignant lung tumours. Other studies suggested that f was
ineffective in differentiating between benign and malignant lung
lesions."®2%% In our study, benign and malignant cases did not
exhibit significant differences in their f values. The inconsistencies
between these studies may be associated with the diverse patho-
logical types enrolled in each study. For example, in the Deng’
et al study, three of the eight benign cases were diagnosed by the
disappearance or significant regression of the nodules after anti-
inflammatory treatment, and the Wang'? et al study included
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obstructive lung consolidation. These lesions are usually char-
acterised by exudative inflammation, including vasodilation,
increased permeability, and increased blood flow. Therefore, the
authors observed higher f values reflecting the elevated blood
perfusion in these subjects. However, other studies, such as the
study performed by Wan® et al and the present work, predomi-
nantly included chronic inflammation or benign lung tumours
in which the vascular changes were not apparent as neovascular-
ization in malignant tumours. Additionally, fis influenced by TE,
T2 contribution and relaxation effects,”** and other bulk flow
phenomena can also cause signal attenuation at lower b values
and may be difficult to distinguish from perfusion effects.'®
Studies'™*! have also reported poor measurement reproduc-
ibility of D* and f, especially D*, which can be reflected by the
large standard deviation of D* in this study. Eventually, the D*
and f values may be used to obtain tissue perfusion information
without injection of a contrast agent, a possibility which requires
further investigation.

There are several limitations in this study, including the following.
(1) A relatively small population of benign cases were included
in this study. (2) Lesions under 1.5cm were not included in this
study due to poor signal to noise ratio, which decreased the clin-
ical importance of these results. (3) The number of b values was
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relatively small; however, we have set the maximum number of
b values for the machine. (4) Since the mono- and biexponential
models used different post-processing software, the ROIs cannot
be copied from one model to the other; thus, the ROI cannot
be guaranteed to be completely consistent. (5) Only benign
and malignant lesions were compared in this study. Alterna-
tive pathological types, degrees of differentiation and biological
behaviour of the lesions should be further investigated.

CONCLUSIONS

In conclusion, our preliminary study suggests that DWI- and
IVIM- derived parameters may be useful in the differentiation of
benign and malignant lung nodules and masses. Among them,
ADC is the most robust parameter to differentiate benign and
malignant lung nodules, whereas D is the most robust parameter
to differentiate benign and malignant lung masses.
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