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Background: The aim of this study was to investigate the diagnostic value of the intravoxel incoherent 
motion (IVIM) for distinguishing non-metastatic from metastatic mediastinal lymph nodes in lung cancer.
Methods: IVIM-diffusion weighted imaging (DWI) exams were performed preoperatively on 66 patients 
with lung cancer from October 2015 to June 2016 in Beijing Chao-Yang Hospital, Capital Medical 
University. Fifty patients underwent enhanced chest computed tomography (CT) in our hospital, while the 
other 16 patients already had enhanced chest CT images when they were admitted. The patients’ complete 
preoperative examination included chest magnetic resonance imaging (MRI), enhanced chest CT, head MRI, 
bone scanning and cardiopulmonary function testing. None of the patients were receiving any treatment for 
their cancer prior to their evaluation and surgery, including neoadjuvant chemotherapy, radiation therapy, 
immunotherapy or gene targeted therapy. The following IVIM parameters of the mediastinal lymph nodes 
were measured: the short axis diameter, apparent diffusion coefficient (ADC), diffusion coefficient (D), 
pseudo-diffusion coefficient (D*), and perfusion fraction (f). All of the patients underwent lobectomy and 
lymph node dissection. We compared the CT and MRI results and analysed the IVIM parameters of the 
pathologically determined non-metastatic and metastatic mediastinal lymph nodes in our 50 patients to 
generate the ROC curves and determine the best cut-off value for diagnosis. The remaining 16 patients’ 
IVIM parameters were used to verify the diagnostic cut-off value. This study was approved by the 
institutional research ethics committee of Beijing Chao-Yang Hospital (2014-S-166), and all the patients 
signed the MRI informed consent.
Results: In this study, MRI was used to measure 140 groups of mediastinal lymph nodes in 50 cases, and the 
results showed that 19 groups of mediastinal lymph nodes were metastatic, while 121 groups of mediastinal 
lymph nodes were non-metastatic. The pathological analysis showed that 20 groups of mediastinal lymph nodes 
were metastatic and 120 groups of mediastinal lymph nodes were non-metastatic. CT was used to measure 
273 groups of mediastinal lymph nodes, and the result showed that 34 groups of mediastinal lymph nodes 
were metastatic, while 239 groups of mediastinal lymph nodes were non-metastatic. The pathological analysis 
showed that 20 groups of mediastinal lymph nodes were metastatic and 253 groups of mediastinal lymph nodes 
were non-metastatic. The ADC, D, D*, f values and the short axis diameters of the non-metastatic lymph nodes 
(n=121) were 2.9370±0.743×10−3, 0.533±0.175×10−3, 0.384±0.121×10−3 mm2/s, 0.426±0.120, 6.903±1.831 mm,  
respectively, and 1.863±0.691×10−3, 0.454±0.204×10−3, 0.358±0.106×10−3 mm2/s, 0.413±0.085, 7.705±2.213 mm, 
respectively, for the metastatic lymph nodes (n=19). The ADC and D values of the non-metastatic lymph 
nodes were significantly higher than the values for the metastatic lymph nodes (P<0.01); the other parameters 
(D*, f, and short axis diameter) did not show significantly different results between the two groups. The 
optimal cut-off values [area under the curve (AUC), sensitivity, and specificity] for distinguishing metastatic 
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Introduction

Lung cancer is one of the most common malignant tumours 
in the world and the No. 1 cause of death among malignant 
tumours. According to statistics, in 2012 alone, there were 
approximately 1.8 million cases of newly diagnosed lung 
cancer, accounting for 12.9% of all malignant tumours, and 
approximately 1.59 million people (19.4%) died of lung 
cancer (1).

In the past, the preoperative N staging of lung cancer 
mainly depended on a chest computed tomography 
(CT) scan; this approach is based on morphology and 
measurement of the diameter only, so the sensitivity 
and specificity are usually low. With the application of 
positron emission tomography (PET)/CT, the accuracy of 
preoperative staging of lung cancer has improved (2), but 
because the inflammatory reactive hyperplasia of mediastinal 
lymph nodes caused by tuberculosis also manifests as 
enhanced metabolism, the accuracy of PET/CT is low, and 
its false positive rate is relatively high (3,4). Therefore, rapid, 
non-invasive and accurate N staging for patients with lung 
cancer remains a challenge.

In recent years,  functional magnetic resonance 
imaging (MRI) technology has undergone revolutionary 
development, leading to a wide range of applications. 
Compared with CT and PET, MRI has no radiation 
exposure, involves no contrast agents, can obtain many 
imaging parameters and sequences, and can provide 
much more abundant information for physicians than 
CT imaging, which relies on a single X-ray attenuation 
coefficient (5).

Diffusion weighted imaging (DWI) is an indirect 

measurement of the microstructure of the tissue that detects 
the direction and extent of the diffusion of water molecules 
in the tissue. Intravoxel incoherent motion (IVIM) imaging 
is a new technology first proposed by Le Bihan et al. in 
1986 (6) and developed based on DWI. IVIM not only 
provides the parameters of water molecule movement in 
the tissue but also reflects the degree of tissue perfusion. 
IVIM is still in the research stage, with most studies on 
head and neck tumours and some related research on liver, 
kidney and breast lesions (7-9), but its application in the 
diagnosis and treatment of lung and mediastinal diseases 
has rarely been reported (10,11). Therefore, the aim of this 
study was to evaluate the applicability of this technique 
in the preoperative evaluation of mediastinal lymph node 
metastasis in lung cancer by comparing the differences in 
the IVIM sequence parameters between metastatic and 
non-metastatic lymph nodes in lung cancer.

Methods

Inclusion criteria

Patients with the following were included: (I) complete 
preoperative examination data and postoperative 
pathological results; (II) a primary lung mass, with no 
previous history of other malignancies; (III) no preoperative 
radiotherapy, chemotherapy, targeted therapy, immunization 
therapy or other form of anti-tumour therapy; (IV) overall 
good general condition, with no severe medical co-
morbidities, no distant metastases or other related surgical 
contraindications, and a candidate for surgical treatment; 
and (V) underwent lobectomy and standard mediastinal 

from non-metastatic lymph nodes were as follows: ADC =1.890×10−3 mm2/s (0.897, 93.3%, 80.0%), Youden 
index 0.733; and D =0.344×10−3 mm2/s (0.651, 90.8%, 50.0%), Youden index 0.651. When these cut-off 
values were applied as the diagnostic criteria in the remaining cases and compared with the pathology results, 
the diagnostic performance was good.
Conclusions: IVIM is useful to distinguish metastatic from non-metastatic lymph nodes in lung cancer. 
The ADC and the D values are significantly lower in metastatic lymph nodes, making these parameters more 
sensitive than the other parameters (D*, f, and short axis diameter). As a result, IVIM can be used in the 
N-stage diagnosis of lung cancer.

Keywords: Intravoxel incoherent motion (IVIM); mediastinal lymph nodes; N-stage; apparent diffusion 

coefficient (ADC); diffusion coefficient (D)

Submitted Dec 07, 2016. Accepted for publication Feb 09, 2017.

doi: 10.21037/jtd.2017.03.110

View this article at: http://dx.doi.org/10.21037/jtd.2017.03.110



1075Journal of Thoracic Disease, Vol 9, No 4 April 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(4):1073-1080jtd.amegroups.com

lymph node dissection as the surgical procedure.

Exclusion criteria

Patient with the following were excluded: (I) MRI examination 
could not be performed due to relevant contraindications; (II) 
preoperative radiotherapy, chemotherapy, targeted therapy, 
immunotherapy or other forms of anti-tumour therapy; (III) 
severe medical co-morbidities or advanced cancer revealed 
on the preoperative examination, so surgery could not be 
performed; (IV) postoperative pathology showed malignant 
tumour metastasis or benign disease in other systems; or (V) 
refusal of MRI examination or surgery.

Patient data collection

From October 2015 to June 2016, 66 patients with lung 
cancer were admitted, of whom 50 underwent thoracic 
enhanced CT in our hospital and 16 had undergone chest 
CT at other hospitals prior to admission. This study had 
the consent of the patients themselves and their families, 
with a signed MRI informed consent.

This study included 31 males and 35 females, ages  
35–77 years old, with a mean age of 59.68±10.06 years.

According to the 2015 lung cancer classification by the 
WHO, there were 12 cases of squamous cell carcinoma, 
48 cases of adenocarcinoma, 1 case of adenosquamous 
carcinoma, 3 cases of neuroendocrine tumour (1 case of 
small cell lung cancer and 2 cases of atypical carcinoid),  
1 case of large cell carcinoma, and 1 case of sclerosing lung 
tumour.

The MRI and CT results were reviewed by two senior 
imaging experts and a thoracic surgeon who individually 
rendered a corresponding diagnosis based on the imaging 
characteristics and parameters.

According to the MRI results of the 50 patients with 
complete examination data, the IVIM parameters [apparent 

diffusion coefficient (ADC), diffusion coefficient (D), 
pseudo-diffusion coefficient (D*) and perfusion fraction 
(f)] and the short axis diameter of the lymph nodes were 
measured. Because N1 lymph nodes and lymph nodes with 
a diameter <4 mm were difficult to display in the scanning 
images, the phase parameters could not be measured, so the 
data for those cases were discarded. Furthermore, because 
CT imaging results of groups 8 and 9 lymph nodes were 
rare, they were also excluded from the statistics (12).

Statistical analysis

Fisher’s exact test was performed for the MRI, CT and 
pathological results. The ADC, D, D*, and f parameters 
and the short axis diameters of the benign and malignant 
lymph nodes in 50 patients were statistically analysed using 
the Mann-Whitney U test, and a difference with P<0.05 
was considered statistically significant. The ROC was 
plotted, and the area under the curve (AUC) was calculated 
to find the optimal diagnostic cut-off. The parameter data 
of the remaining 16 patients were used for validation. In 
this study, all of the statistical results are represented as the 
mean ± standard deviation, and all of the statistical analysis 
and charts were prepared using IBM SPSS 18.0 statistical 
software or GraphPad Prism 6.01 software.

Results

In this study, a total of 66 patients underwent dissection of 
273 groups of lymph nodes, and metastases were identified 
on postoperative pathological analysis in 20 groups (Table 1).

A mediastinal lymph node showing a short axis diameter 
>10 mm on CT was considered a metastasis (13). Fisher’s 
exact test was performed for the CT, MRI, and pathological 
results, and P<0.05 was considered statistically significant 
(Table 2). The MRI and pathological results were further 
analysed with the Kappa consistency test, and the results 
showed a Kappa value of 0.732, indicating satisfactory 
consistency, with P<0.001, indicating that the difference 
was significant. Thus, the diagnostic accuracy of IVIM 
examination is good.

According to the pathological results,  the IVM 
parameters (ADC, D, D*, f) and short axis diameter of the 
metastatic and non-metastatic lymph nodes were compared 
using the Mann-Whitney U test (Table 3). The average 
ADC and D values of the metastatic lymph nodes were 
significantly lower than for the non-metastatic lymph 
nodes, showing statistically significant differences with 

Table 1 Results of MRI and pathological diagnosis for N2  
metastatic lymph nodes

Method Benign Malignant Total 

Pathology 253 20 273

MRI 121 19 140

CT 239 34 273

MRI, magnetic resonance imaging.
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Table 2 Results of chest CT and MRI diagnosis for N2 metastatic lymph nodes

Methods Sensitivity (%) Specificity (%) Accuracy (%) False positive rate (%) False negative rate (%) P

CT 50 90.5 87.5 9.5 50 0.803

MRI 75 96.7 93.6 3.3 25 <0.001

CT, computed tomography; MRI, magnetic resonance imaging.

Table 3 IVIM parameters in the diagnosis of mediastinal lymph node metastasis

Parameter Benign (n=121) Malignant (n=19) P value

ADC (×10-3 mm2/s) 2.937±0.743 1.863±0.691 <0.0001

D (×10-3 mm2/s) 0.533±0.175 0.454±0.204 0.0298

D* (×10-3 mm2/s) 0.384±0.121 0.358±0.106 0.294

f 0.426±0.120 0.413±0.085 0.944

Short axis diameter (mm) 6.903±1.831 7.705±2.213 0.131

IVIM, intravoxel incoherent motion.

P<0.01. Thus, these two parameters can be used for the 
differential diagnosis. There were no statistically significant 
differences in the parameters D*, f or short axis diameter 
between the metastatic and non-metastatic lymph nodes, 
so these three parameters cannot be used to identify lymph 
node metastases. The ROC curves were plotted against the 

IVIM parameters of the lymph nodes (Figures 1,2), and the 
respective AUCs were calculated (Table 4). The AUC of the 
ADC was 0.871, with P<0.01, the optimal diagnostic cut-
off was 1.890×10−3 mm2/s, the diagnostic sensitivity was 
92.7%, the specificity was 80.0%, and the Youden index was 
0.727. The AUC of D was 0.740, with P<0.01, the optimal 

Figure 1 ROC curve for parameter ADC. The optimal cut-
off values (AUC, sensitivity, and specificity) for distinguishing 
metastatic from non-metastatic lymph nodes were as follows: ADC 
=1.890×10−3 mm2/s (0.897, 93.3%, 80.0%), Youden index 0.733. 
AUC, area under the curve; ADC, apparent diffusion coefficient.

Figure 2 ROC curve for parameter D. The optimal cut-off 
values (AUC, sensitivity, and specificity) for distinguishing 
metastatic from non-metastatic lymph nodes were as follows:  
D =0.344×10−3 mm2/s (0.651, 90.8%, 50.0%), Youden index 
0.651. AUC, area under the curve.
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diagnostic cut-off was 0.648×10−3 mm2/s, the diagnostic 
sensitivity was 70.0%, the specificity was 84.1%, and the 
Youden index was 0.541.

The remaining 16 patients underwent dissection of 57 
groups of lymph nodes. The pathological results showed 
that 12 groups were metastatic lymph nodes and 45 groups 
were non-metastatic lymph nodes. The optimal diagnostic 
cut-offs based on the ADC and D data were used as the 
diagnostic criteria (benign ADC >1.890×10−3 mm2/s, benign 
D >0.344×10−3 mm2/s; malignant ADC <1.890×10−3 mm2/s,  
malignant D <0.344×10−3 mm2/s). According to the 
Kappa consistency test, the consistency using ADC as the 
diagnostic criterion was not significantly different; the 
consistency using D as the diagnostic criterion was slightly 
worse; the consistency was significantly increased using the 
combination of ADC and D (Table 5).

Discussion

As one of the latest MRI technologies, IVIM is more and 
more widely applied in the study of various human organs. 
In recent years, some studies have used IVIM to identify 
benign and malignant tumours (14,15), and the peritoneal 
lymph node metastasis of rectal cancer (16,17). However, 
the application of IVIM in the diagnosis of mediastinal 
lymph node metastasis of lung cancer has not been reported.

IVIM theory assumes that blood microcirculation 
is non-uniform and unordered random movement and 
that displacement of blood may occur by magnetization, 

resulting in signal attenuation. The ADC can be integrated 
by the nonlinear least squares method, which includes both 
diffusion and perfusion. IVIM assumes that the microscopic 
movement of organisms is divided into two types. One 
is slow movement, with diffusion according to Brownian 
motion, and it describes the random distribution of the 
blood in the circulatory network from the macroscopic 
perspective. The pseudo diffusion coefficient (D*) describes 
this perfusion. The other type of movement is fast 
movement, which is affected by the pressure gradient and 
is described with the diffusion coefficient (D), reflecting 
the extravascular spin and intercellular fluid movement and 
describing diffusion (16). Therefore, IVIM is an advanced 
non-invasive imaging technology with the simultaneous 
detection of the diffusion of water molecules and capillary 
perfusion within tissues. Through image processing, the 
values of the parameters f, D* and D can be obtained, 
which represent the ratio of the voxel capillary volume to 
the total tissue volume, the microcirculation perfusion of 
the capillary network, and the diffusion state of the water 
molecules in the tissue, respectively (17,18). No external 
contrast agent is needed. This detection method can allow 
the corresponding diagnosis at the molecular level before 
the occurrence of morphological changes in the tissue, thus 
truly achieving early diagnosis and early treatment. It has 
great potential for diagnosis, with prospects for wide clinical 
applications.

The ADC value reflects diffusion capability. Studies 
have shown that cell density is the main factor influencing 
the dispersion of water molecules in tumours (4). The cell 
density in metastatic lymph node tissue is high, and water 
dispersion is significantly limited, so the ADC value is low; 
in contrast, the cell density of non-tumour cells is relatively 
low, and the ADC value is high. In this study, the mean 
ADC of metastatic lymph nodes was significantly lower than 
the mean ADC of the non-metastatic lymph nodes. This 
result is in line with theory. The findings of Liu et al. on the 
lymph node metastasis of rectal cancer were also consistent 
with the findings in the present study.

Table 4 AUC data for parameters ADC and D

Parameter Cut-off AUC (95% CI) Sensitivity Specificity P value

ADC (×10-3 mm2/s) 1.890 0.897 (0.798–0.996) 0.933 0.800 <0.01

D (×10-3 mm2/s) 0.344 0.651 (0.496–0.807) 0.908 0.500 <0.03

AUC, area under the curve; ADC, apparent diffusion coefficient.

Table 5 The Kappa test for parameters ADC, D and ADC + D

Parameter P value Kappa value

ADC <0.0001 0.728

D <0.01 0.491

ADC + D <0.0001 0.826

AUC, area under the curve; ADC, apparent diffusion coefficient.
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D is the diffusion coefficient, reflecting the diffusion of 
water molecules in the tissue, which mainly depends on the 
cell density and the components of the extracellular matrix. 
Studies have shown that the D value is negatively correlated 
with the cell structure and the ratio of the nucleus to the 
cytoplasm, that is, the higher the number of cells and the 
higher the ratio of the nucleus to the cytoplasm, the smaller 
the extracellular space is, so the diffusion movement of the 
water molecules is limited, and the D value is decreased (19).  
In this study, the mean D value of the metastatic lymph 
nodes was significantly lower than the D value of the non-
metastatic lymph nodes; this result is in line with theory. 
The findings of Qiu et al. and Yu et al. are also similar to 
the results of this study. In this study, the combination of 
the parameters ADC and D as the diagnostic criteria could 
further improve the diagnostic efficiency.

The pseudo-diffusion coefficient, D*, is proportional to 
the blood flow rate and the mean length of the capillaries 
and is associated with the perfusion of tumour vessels and 
the microcirculation in metastatic lymph nodes (20). In this 
study, the D* of the metastatic lymph nodes was slightly 
lower than the D* of the non-metastatic lymph nodes, but 
the difference was minor and not significant. This result is 
different from the results of Qiu et al. and Yu et al. In those 
two studies on rectal cancer, the D* values in metastatic 
lymph nodes and non-metastatic lymph nodes were 
statistically significantly different, and the mean D* value of 
the metastatic lymph nodes was significantly lower than the 
mean D* value of the non-metastatic lymph nodes. Similar 
findings have been reported in studies on certain head 
and neck malignancies (21). However, in other studies on 
axillary lymph node metastasis of breast cancer, the results 
are the opposite (22,23). These opposite findings may be 
caused by the different parts and different types of primary 
tumours.

In addition to D*, f is also an important parameter in the 
IVIM sequence that reflects perfusion, with the capillary 
blood flow in each voxel. In other words, f can reflect the 
proportion of water molecules in the capillary network in 
the MRI scanning range. Therefore, f is positively correlated 
with tissue perfusion. In this study, the f value of the 
metastatic lymph nodes was slightly higher than the f value 
of the non-metastatic lymph nodes, but the difference was 
not significant. In the study by Yu et al., the f value of the 
non-metastatic lymph nodes was higher than the f value of 
the metastatic lymph nodes, with no statistically significant 
difference (P=0.051). However, other studies showed that 
the f value of metastatic lymph nodes was higher than the 

f value of non-metastatic lymph nodes and that the f value 
of benign lesions was higher than the f value of malignant 
lesions, including for nasopharyngeal cancer vs. adenoid 
hypertrophy (24), lung malignancy vs. obstructive pulmonary 
disease (25), and prostate cancer vs. benign prostatic 
hyperplasia and prostatitis (26). One possible reason for 
these different results may be that different types of lesions 
may greatly affect f value results. At the same time, other 
factors, including the characteristics of the tissues in the 
magnetic field, the echo time, and the relaxation time of the 
MRI scanning, may also greatly affect the f value (27,28).

Traditional enhanced CT can determine lymph node 
metastases mainly by measuring the short axis diameter of 
lymph nodes. If tumour metastasis to lymph nodes occurs, 
hyperplasia will cause enlargement of the lymph nodes. In 
general, if the short axis diameter of a lymph node is >1 cm,  
then metastasis in this lymph node is suspected. In this 
study, the comparison of the diagnostic efficiency of CT, 
MRI and pathological results for lymph node metastasis 
showed that the sensitivity, specificity and accuracy of MR 
imaging in diagnosing mediastinal lymph node metastasis 
were superior to enhanced CT. One possible reason may 
be that lung cancer screening is now relatively common, 
so the disease can be found at an early stage with no lymph 
node metastasis, and most lymph nodes revealed by CT 
are caused by infectious inflammation rather than tumour 
metastasis. In our study, the average short axis diameter 
of metastatic lymph nodes was slightly higher than that 
of non-metastatic lymph nodes, but the difference was 
not statistically significant (P=0.131), showing no special 
diagnostic efficiency. This result shows that the short axis 
diameter of the lymph nodes is not significantly related to 
metastasis when the lymph nodes are small. Studies have 
shown that the possibility of metastasis is close to 15–42%  
in lymph nodes with a diameter <5 mm (29). In other 
words, in cases of lung cancer with mediastinal lymph 
node metastasis but the lymph node enlargement is not 
yet apparent, traditional CT is unable to accurately stage 
such cases. However, IVIM can provide the appropriate 
diagnosis by measuring the corresponding parameters to 
reflect the changes at the molecular level before the macro-
level changes occur.

In this study, the PET/CT was performed in few patients 
and none of the patients received EBUS-TBNA. So it was 
impossible to compare the accuracy of IVIM with PET/CT  
or EBUS-TBNA. But there were some studies have shown 
that use the FDG-PET assess the mediastinal lymph 
nodes in NSCLC has a sensitivity of 74% (69–79%) and 
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a specificity of 85% (82–88%). FDG-PET has a poor 
sensitivity for small lymph nodes and a poor specificity 
for large lymph nodes (20% false positives) (30). Another 
shortcoming of FDG-PET is radioactive and costly. EBUS-
TBNA had a sensitivity of 93% (91–94%) and a specificity 
of 100% (99–100%). EBUS-TBNA is effective for sampling 
small lymph nodes (ranging from 5 to 9 mm) (31), its 
minimally invasive, safe, well tolerated, and rarely need 
general anaesthesia. However, not all lymph node regions 
can be sampled by transbronchial biopsy. Therefore, further 
study need to be performed to compare the accuracy of 
IVIM, PET/CT and EBUS-TBNA using in the diagnosis 
of the mediastinal lymph nodes metastasis preoperatively.

Of course, this study still has some limitations that may 
affect the experimental results. First, the total sample size 
was small. Second, the N1 group and the lymph nodes with 
a short axis diameter <4 mm were unclear in the images. 
Therefore, in this study, the data for the N1 lymph nodes 
and the lymph nodes with a short axis diameter <4 mm were 
discarded. As described earlier, in rectal malignancies, the 
possibility of metastasis to the lymph nodes with a diameter 
<5 mm is close to 15−42% (29); therefore, the discarded 
data on these lymph nodes might lead to selection bias, thus 
affecting the conclusion.

Conclusions

The results of this study preliminarily showed that certain 
IVIM parameters, such as the ADC and diffusion coefficient 
(D), were significantly different between lung cancer 
patients with and without metastatic lymph nodes. The 
differential diagnosis of mediastinal lymph node metastasis 
can be achieved based on these parameters. Therefore, 
IVIM-DWI can be used to preoperatively determine 
mediastinal lymph node metastasis of lung cancer.
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