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Differentiation of malignant cervical 
lymphadenopathy by dual-energy 
CT: a preliminary analysis
Liang Yang, Dehong Luo, Lin Li, Yanfeng Zhao, Meng Lin, Wei Guo & Chunwu Zhou

The accurate diagnosis of malignant cervical lymphadenopathy remains challenging. In this study, we 
determined the value of quantitative parameters derived from dual-energy computed tomography 
(DECT) for differentiating malignant cervical lymphadenopathy caused by thyroid carcinoma (TC), 
salivary gland carcinoma (SC), squamous cell carcinoma (SCC) and lymphoma. We retrospectively 
analysed 92 patients with pathologically confirmed cervical lymphadenopathy due to TC, SC, SCC and 
lymphoma. All patients received a DECT scan before therapy. Using GSI (gemstone spectral imaging) 
Volume Viewer software, we analysed the enhanced monochromatic data, and the quantitative 
parameters we acquired included the iodine concentration (IC), water concentration (WC) and the slope 
of the spectral HU curve (λHU). One-way ANOVA showed significant differences in the IC and λHU among 
different groups (P < 0.05). Post-hoc pairwise comparisons demonstrated the IC and λHU of TC group 
were significantly higher than those of SC, SCC and lymphoma groups (P < 0.05). In addition, the IC 
and λHU of SC group were significantly higher than those of the SCC and lymphoma groups (P < 0.05). 
Other comparisons of IC and λHU values showed no significant differences (P > 0.05). The quantitative 
parameters derived from DECT were useful supplements to conventional computed tomography 
images and were helpful for distinguishing different malignant cervical lymphadenopathies.

The neck is rich in lymph nodes, with approximately 40% of the total lymph nodes in the human bod1. Cervical 
lymph node lesions are variable, and the malignancy rate is over 50%1,2. Lymph node metastatic carcinoma and 
lymphoma are the most common cervical malignant lesions, with cervical lymph node metastatic carcinoma 
accounting for approximately 3/4 of all malignant neck tumours. Most cervical malignant lesions (85%) include 
primary lesions located in the head and neck, and the most common lesions are nodal metastases of thyroid 
carcinoma (TC), salivary gland carcinoma (SC) and squamous cell carcinoma (SCC)3,4. Therefore, it would be 
valuable to identify the nature and types of cervical lymph node lesions before selecting clinical treatments5,6. The 
typical malignant cervical lesions of lymph nodes are not difficult to diagnose with imaging, but some lesions are 
not typical, and imaging features can overlap, which makes it difficult for health professionals to establish a diag-
nosis using conventional imaging7. Imaging of cervical lymphadenopathy is a challenge owing to the difficulty of 
diagnosing malignant lymph nodes accurately before treatment. New imaging techniques are needed to integrate 
both the morphological and functional changes of lymph node lesions for better evaluation and treatment.

Dual-energy computed tomography (DECT) with the latest gemstone detector allows for reconstruction of 
virtual monochromatic images and material decomposition images8–12 and provides multiple quantitative param-
eters that have been used for the diagnosis of lymph node metastasis for several types of tumours12–15. However, 
to our knowledge, the value of DECT for the preoperative diagnosis of cervical nodal metastasis in patients with 
different malignant carcinomas has not been well evaluated. The purpose of this study was to investigate the 
application of DECT to identify different malignancies in cervical lymph nodes.

Results
Patients’ characteristics. The pathological diagnoses of all malignant cervical lymphadenopathies are 
listed in Table 1.
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Differences in sex and age between different lymph node groups. The incidence rates of SC, SCC, 
and lymphoma in males were higher than those in females, but the opposite trend occurred in the TC group, and 
the differences were significant (P <  0.05). The differences in age between the different lymph node groups were 
significant (P <  0.05) (Table 2).

Comparison of DECT quantitative parameters between different lymph node groups. The 
IC values for TC, SC, SCC, and lymphoma were 38.18 ±  15.92 ×  102 μ g/cm3, 23.01 ±  3.15 ×  102 μ g/cm3, 
16.00 ±  5.31 ×  102 μ g/cm3, and 14.66 ±  4.17 ×  102 μ g/cm3, respectively. The λ HU values for TC, SC, SCC, and lym-
phoma were 5.22 ±  2.15, 3.12 ±  0.41, 2.16 ±  0.75, and 1.95 ±  0.64, respectively. The differences in both IC and λ HU 
values among the different groups were significant (F =  37.41 and 38.12, respectively, P <  0.05). Post hoc pairwise 

Diagnosis Case number (n =  92)

Thyroid carcinoma 18 (19.57%)

Papillary carcinoma 18 (19.57%)

Salivary carcinoma 9 (9.78%)

Adenoid cystic carcinoma 2 (2.17%)

Mucoepidermoid carcinoma 1 (1.09%)

Epithelial-myoepithelial carcinoma 1 (1.09%)

Nonspecific adenocarcinoma 1 (1.09%)

Metastasizing pleomorphic adenoma 1 (1.09%)

Ductal adenocarcinoma 2 (2.17)%

Basal cell adenocarcinoma 1 (1.09%)

SCC 36 (39.13%)

Nasopharyngeal carcinoma 13 (14.13%)

Tonsillar carcinoma 1 (1.09%)

Pharyngeal carcinoma 8 (8.70%)

Hypopharyngeal carcinoma 4 (4.35%)

Tongue carcinoma 4 (4.35%)

Esophageal carcinoma 2 (2.17%)

Oropharyngeal carcinoma 4 (4.35%)

Lymphoma 29 (31.52%)

Mantle cell lymphoma 1 (1.09%)

Follicular Lymphoma 4 (4.35%)

Diffuse large B-cell lymphoma 14 (15.22%)

Peripheral T-cell lymphoma 1 (1.09%)

Nodular sclerosis Hodgkin lymphoma 3 (3.26%)

Mixed cellularity Hodgkin lymphoma 2 (2.17%)

Lymphocyte-rich Hodgkin lymphoma 1 (1.09%)

Lymphocyte depletion Hodgkin lymphoma 1 (1.09%)

Extranodal nasal-type natural killer/T-cell lymphoma 1 (1.09%)

Peripheral T-cell lymphoma 1 (1.09%)

Table 1.  Pathological diagnosis of all patients. TC is the abbreviation of thyroid carcinoma. SC is the 
abbreviation of salivary carcinoma. SCC is the abbreviation of squamous cell carcinoma.

Thyroid carcinoma Salivary carcinoma SCC Lymphoma Statistics Value P

Sex (M/F) 7/11 6/3 34/2 18/11 21.91a 0.00*

Age (y) 45.68 ±  16.67 52.44 ±  12.05 52.19 ±  12.54 39.90 ±  16.49 4.37b 0.01*

Table 2.  Different malignant cervical lymphadenopathies according to patient age and sex. aIndicates the 
χ2 value. bIndicates the F value. * Indicates statistical significance.

Thyroid carcinoma Salivary carcinoma SCC Lymphoma F P

IC (× 102 μ g/cm3) 39.85 ±  14.57 23.01 ±  3.15 16.00 ±  5.31 14.66 ±  4.17 48.31 0.00*

λ HU 5.45 ±  1.95 3.12 ±  0.41 2.16 ±  0.75 1.95 ±  0.64 49.16 0.00*

Table 3.  Differences in IC and λHU between different lymph node groups. * Indicates statistical significance.
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comparisons of the IC and λ HU demonstrated significant differences between the TC group and the SC, SCC or 
lymphoma groups (P <  0.05) and between the SC group and the SCC or lymphoma groups (P <  0.05), whereas no 
significant difference was observed between the SCC and lymphoma groups (P >  0.05) (Tables 3 and 4, Figs 1–5). 
The medians of the WC in the TC, SC, SCC, and lymphoma groups were 1036.22 (1026.298–1042.14) mg/cm3, 
1032.25 (1025.03.31–1036.17) mg/cm3, 1034.63 (1027.68–1038.61) mg/cm3, and 1034.08 (1031.21–1041.26) mg/
cm3, respectively, and no significant difference in the WC was observed between the different groups (H =  0.39, 
P >  0.05) (Table 5).

Discussion
The qualitative diagnosis of malignant lesions in the cervical lymph node directly affects the selection of treat-
ment options and the patient prognosis16,17. Previous imaging diagnoses of lymph node lesions have mainly 
depended on changes in lesion morphology, such as the size, shape, and necrotic area18. Although malignant 
lesions in different cervical lymph nodes manifest certain imaging characteristics, and typical cases are not diffi-
cult to diagnose, some atypical cases cannot be diagnosed accurately because conventional imaging techniques 
cannot provide specificity and sensitivity simultaneously. The accurate diagnosis of cervical lymph nodes malig-
nancies has always been a difficult problem for radiologists19. Combining the changes in both morphology and 
function could allow for better evaluation of the lesions in lymph nodes and lead to the development of new 
diagnostic imaging techniques.

Conventional computed tomography (CT) imaging uses X-ray beams generated from a tube containing a 
broad energy spectrum20–22. The polychromaticity of X-rays causes beam hardening artefacts and an averag-
ing attenuation effect in images23,24. In contrast, DECT uses a single tube with fast kilovolt dynamic switching 
between 80- and 140-kVp X-rays on adjacent views during a single rotation, which creates two sets of coherent 

Comparative group (RA vs RB)

IC (100 μ g/cm3) λ HU

Difference of means 
−X X( )A B P

Difference of means 
−X X( )A B P

TC vs SC 16.84 0.00* 2.33 0.00*

TC vs SCC 23.86 0.00* 3.30 0.00*

TC vs Lymphoma 25.19 0.00* 3.45 0.00*

SC vs SCC 7.01 0.02* 0.96 0.02*

SC vs Lymphoma 8.35 0.01* 1.17 0.01*

SCC vs Lymphoma 1.34 0.49 0.21 0.43

Table 4.  Post hoc pairwise comparisons of IC, λHU (LSD-t test). * Indicates statistical significance.

TC SC SCC Lymphoma H P

WC (mg /cm3) 1036.22 (1026.298~1042.14) 1032.25 (1025.03~1036.17) 1034.63 (1027.68~1038.61) 1034.08 (1031.21~1041.26) 0.39 0.95

Table 5.  Differences in WC between different lymph node groups.

Figure 1. 70 keV contrast-enhanced monochromatic and GSI images in a 22-year-old woman with 
papillary throid carcinoma. GSI images show that IC and λ HU in metastatic lymph nodes are significantly 
higher than those of SC, SCC and lymphoma groups. (a) An axial CT image shows a right level II metastatic 
enlarged lymph node (white arrow). (b) An iodine-based material-decomposition image shows that the IC of 
the metastatic lymph nodes was 45.05 ×  102 μ g/cm3 (L2: area, 42.52 mm2). (c) The graph shows the spectral HU 
curve of a metastatic lymph node; λ HU is 6.95.
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Figure 2. 70 keV contrast-enhanced monochromatic and GSI images from a 53-year-old man with 
mucoepidermoid carcinoma of the minor salivary glands. GSI images show that the IC and λ HU values in 
metastatic lymph nodes are significantly lower than that in the TC group and higher than those in the SCC 
and lymphoma groups. (a) An axial CT image shows a right level II metastatic enlarged lymph node (white 
arrow). (b) An iodine-based material-decomposition image shows that the IC in metastatic lymph nodes is 
23.04 ×  102 μ g/cm3 (L2: area, 133.49 mm2). (c) The graph shows the spectral HU curve of a metastatic lymph 
node; λ HU is 3.14.

Figure 3. 70 keV contrast-enhanced monochromatic and GSI images of a 28-year-old man with 
nasopharyngeal squamous cell carcinoma. GSI images show that the IC and λ HU of metastatic lymph nodes 
are significantly lower than those of the TC and SC groups. (a) An axial CT image shows a left level II metastatic 
enlarged lymph node (white arrow). (b) An iodine-based material-decomposition image shows that the IC 
in metastatic lymph nodes is 18.97 ×  102 μ g/cm3 (L1: area, 398.57 mm2). (c) The graph shows the spectral HU 
curve of a metastatic lymph node; λ HU is 2.57.

Figure 4. 70 keV contrast-enhanced monochromatic and GSI images of a 52-year-old man with diffuse 
large B-cell lymphoma. GSI images show that the IC and λ HU in metastatic lymph nodes are significantly lower 
than those in the TC and SC groups. (a) An axial CT image shows a left level IV metastatic enlarged lymph node 
(white arrow). (b) An iodine-based material-decomposition image shows that the IC in the metastatic lymph 
nodes is 11.57 ×  102 μ g/cm3 (L3: area, 137.57 mm2). (c) The graph shows the spectral HU curve of the metastatic 
lymph node; λ HU is 1.57.
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energy information. The two sets of energy information are aligned in projection space, and sets of monochro-
matic images in a range of 40–140 keV are generated through projection-based reconstruction25–29. DECT pro-
vides quantitative and qualitative analysis of the tissue30,31, and has been widely used in the diagnosis of diseases 
in various systems in the human body32–35.

Using the two-material decomposition technique, the unique linear attenuation coefficients obtained by mon-
ochromatic imaging at two different energies can be used to discriminate between different materials (calcium, 
iodine, water, fat, etc.) in DECT, which can provide relatively accurate quantitative data about those materials36. 
The different material decomposition images can be reconstructed from monochromatic data, such as iodine 
(water), water (iodine), and iodine (calcification). Because iodine is the major component of the CT contrast 
medium, measuring the iodine concentration with iodine (water) imaging reflects the enhancement of lesions37.

This study showed that the IC values of different groups were significantly different, and pairwise comparisons 
demonstrated that the IC value of metastatic lymph nodes in the TC group was significantly higher than those of 
other metastatic carcinoma and lymphoma groups (P <  0.05), which may be due to the rich blood supply of TC 
metastatic lymph nodes and the iodine-absorbing features of thyroid tissue. Regarding the biological behaviour, 
SC can be classified into low-grade and high-grade malignant types. Lymph node metastasis rarely occurs for 
the low-grade malignant type, whereas 50–80% of high-grade malignant types show lymph node metastasis. In 
this study, the IC value of metastatic lymph nodes in the SC group was lower than that of the TC group, which 
may be related to the low differentiation, higher degree of malignancy, and richer blood supply of SC with lymph 
node metastasis. This study showed that the IC values of the lymphoma and SCC groups were not significantly 
different. This result might be caused by the replacement and destruction of all or part of the normal lymph node 
structures by the invading tumour cells and the inconspicuous angiogenesis that occurs in lymphoma. However, 
the invasion of SCC starts from the marginal sinus of the lymph node cortex; then, it infiltrates the medulla and 
leads to lymphatic obstruction, followed by necrosis of the medulla region, and it manifests as a small central low 
density region composed of necrotic tissue, keratin, fibrous tissue, interstitial oedema and surviving tumour cells, 
which might be responsible for the lower IC values.

The λ HU reflects attenuation in HU values of tissue or material across the 40~140 keV range. The linear attenu-
ation coefficient of substances declines with increased keV, but each material has a different rate of decline, i.e., the 
λ HU can present energy decay and is determined by the physical and chemical nature of the material itself. This 
principle is exploited to enhance the contrast between different tissues at any selected keV38–41. The λ HU value of 
the TC group was 5.45 ±  1.95, which was significantly higher than that of SC, SCC or lymphoma group (P <  0.05). 
The λ HU value of nodes from the SC group was 3.12 ±  0.41, which was the second highest value and significantly 
higher than those of the SCC and lymphoma groups (P <  0.05). The differences in λ HU values between the SCC 
and lymphoma groups were not significant (P >  0.05), which was possibly related to the variety of pathological 
types in the lymphoma group; therefore, no stratification analysis of the lymphoma group was conducted. The 
WC demonstrated no significant difference between the different groups, which showed that the difference in the 
WC was not as sensitive as differences in the IC and λ HU.

Studies have shown that many techniques, including MR diffusion, spectroscopy, MRI perfusion, and contrast 
enhanced ultrasound, have certain effects on diagnosing different lymphadenopathies, but these approaches are 
restricted in clinical practice by high costs, long scanning times, poor display of small lesions, artefacts, frequent 
false-positive findings, and other detrimental factors42–47. CT can complete one cervical scan in one breath-hold 
with fast scan and get high density resolution imaging, and it is the most frequently used method for detecting 
cervical lymphadenopathies. In our study, the IC and λ HU values for the TC, SC, SCC, and lymphoma groups 
gradually declined, and the differences, except that between the SCC and lymphoma group, were significant. 
Therefore, these values could be used as auxiliary indexes of diagnosis. This study also showed that SC, lym-
phoma and SCC were more common in men, and the incidence of SCC was much higher than the incidence of 
other tumours in men. Moreover, the ages among different groups were significantly different (P <  0.05). Previous 
studies have shown that age and sex are important factors for classifying neck masses1,17. In general, neck masses 
in children and young adults are more inflammatory than congenital and neoplastic diseases and are only found 
occasionally4. However, masses in older adults are often neoplastic48. In our study, the individuals in the SCC 

Figure 5. Box and whisker plots of the IC (a) and λ HU (b) values for metastatic SCC, SC and TC lymph nodes 
and lymphoma.
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group were older than in the groups with other malignant lymphadenopathies, particularly the lymphoma group. 
Combining the IC and λ HU with age and sex could help differentiate lymphadenopathies in clinical practice.

Some limitations were present in this study. First, owing to the number and type of cases, hierarchical analysis 
was not conducted among different groups. Second, the sample size of the SC group was small. Furthermore, 
patients with lymphoma and partial metastatic lymph nodes were not treated surgically. Even for some patients 
with SCC, the biopsy node that the histological findings were based on did not exactly match the node that we 
selected and measured using the CT post-processing workstation. The imaging diagnosis of a malignant node 
was based on recognized criteria, and only the largest node rather than all abnormal nodes was evaluated. The 
number of nodes could have increased with evaluation of more than one node in each patient, but this change 
would have produced dependency issues regarding the influence of multiple nodes per patient. Therefore, this 
approach was not used.

Our results confirmed that quantitative parameters derived from DECT were a useful supplement to con-
ventional CT images and were helpful for distinguishing different malignant cervical lymphadenopathies. Using 
these quantitative parameters in the preoperative evaluation of cervical malignant lymphadenopathies might help 
radiologists avoid subjective bias related to experience and increase diagnostic confidence. These experiments 
therefore offered important information for diagnosing different cervical malignant lymphadenopathies. Next, 
the diagnostic efficiency of classifying different types of lymph nodes should be studied, which will provide a basis 
for better diagnosis of cervical lymph node lesions.

Materials and Methods
Inclusion and exclusion criteria. This prospective study was approved by the institutional review board 
at the Cancer Hospital of the Chinese Academy of Medical Sciences. Informed consent was obtained from all 
participants. This study was conducted in accordance with the Declaration of Helsinki.

The study was performed from January 2014 to June 2015 on consecutive patients with enlarged neck lymph 
nodes that clinically suggested malignancy. The inclusion criteria were as follows: (1) pathological findings 
included metastatic lymph nodes due to TC, SC, SCC and lymphoma; (2) lesions > 0.5 cm at the shortest diam-
eter; and (3) the patient was not receiving any chemotherapeutic or radiotherapeutic treatments. Overall, 92 
patients (mean age, 46.85 ±  15.43 years; age range, 12–73 years; 27 women and 65 men) were ultimately enrolled 
in the study. Upon examination, 25 patients were excluded from this study. The exclusion criteria were as follows: 
(1) benign lesions confirmed by biopsy or postoperative pathological diagnosis for 20 cases (7 cases of lymphad-
enitis, 5 cases of reactive lymphaden hyperplasia, 2 cases of giant lymph node hyperplasia, and 6 cases of lymph 
node tuberculosis) and (2) metastatic lymph nodes due to non-primary neck malignant tumours (lung cancer; 
gastric cancer; unknown primary tumour; and prostate, cervical, and ovarian cancers, including 6, 3, 3, 1, 1, and 
1 cases, respectively).

CT examination. All patient pathologies were confirmed by histological biopsy or pathological examina-
tions. Then, patients received DECT (Discovery CT750 HD, GE Healthcare, Waukesha, Wis) in gemstone spectral 
imaging mode before treatment. The scanning parameters were as follows: GSI-17 protocol (manufacturer num-
ber), helical mode, axial plane with coverage from mid orbits to the clavicular heads, collimator of 20 mm, slice 
thickness of 1.25 mm, slice interval of 0.8 mm, pitch of 0.984, tube current of 550 mA, tube voltage fast switching 
between 80 kVp and 140 kVp with a cycle of 0.5 ms and an FOV (field of view) of medium body. All patients were 
intravenously injected with contrast media (Ultravist 300; Bayer Pharma AG, Leverkusen, Germany) using a 
power injector with a rate of 2.5 ml/s, and volume of 1.5 ml/kg (85–100 ml). The scan acquisition was started after 
a delay of 30 s.

Image analysis. The original data acquired were reconstructed into monochromatic images. The recon-
structed images were sent to a post-processing workstation (Advantage Workstation 4.6, GE Healthcare, 
Milwaukee, WI). GSI (gemstone spectral imaging) Volume Viewer software on the workstation was used to ana-
lyse the enhanced monochromatic data and acquire the quantitative parameters. For the axial image, a radiol-
ogist with 10 years of experience in CT diagnosis of head and neck tumours selected the maximum level of the 
metastatic lymph node and selected the region of interest (ROI). The ROI was placed at the middle level of the 
lesions, and the range was not less than 1/2 of the same level of substantial mass and necrotic tissue. Voids, cal-
cification and blood vessels were avoided. When more than one enlargement was present, cervical lymph nodes 
were located, and the largest metastatic lymph node was chosen. The quantitative parameters were measured or 
calculated, including the iodine concentration of the lesion (IC), water concentration of the lesion (WC), and 
slope of the spectral HU curve (λ HU), which was calculated as the difference between the CT value at 40 keV and 
that at 90 keV divided by the energy difference (50 keV): λ HU =  (CT40keV −  CT90keV)/50.

Statistical analysis. A database was created using Microsoft Excel, and statistical analyses were performed 
with the SPSS 19.0 (SPSS Inc., Chicago, IL) statistical software package. Quantitative data with a Gaussian distri-
bution are presented as means ±  standard deviations (X ±  S), and quantitative data with non-normal distributions 
are presented as medians (inter-quantile ranges) or M values (P25–P75). The normality and homogeneity of var-
iance among all measurement data were analysed. If the data exhibited a normal distribution and homogeneity 
of variance, one-way ANOVA was used, and an inter-group comparison was performed with the LSD method. If 
the data did not have a normal distribution or homogeneity of variance, the Kruskal-Wallis H test was used, and 
inter-group comparisons were performed with the Tamhane method. Gender proportions were compared using a 
chi-square (χ2) test, and α  =  0.05 was defined as the level of significance. A value of P >  α  indicated no statistically 
significant difference.



www.nature.com/scientificreports/

7Scientific RepoRts | 6:31020 | DOI: 10.1038/srep31020

References
1. Roland, N. & Bradley, P. J. Neck swellings. BMJ 348, g1078, doi: 10.1136/bmj.g1078 (2014).
2. Naeimi, M. et al. Differential diagnosis of cervical malignant lymphadenopathy among Iranian patients. Saudi Med J. 30, 377–381 

(2009).
3. Elluru, R. G., Balakrishnan, K. & Padua, H. M. Lymphatic malformations: diagnosis and management. Semin Pediatr Surg. 23, 

178–185, doi: 110.1053/j.sempedsurg.2014.1007.1002. Epub 2014 Jul 1015 (2014).
4. Lang, S. & Kansy, B. [Diseases of the cervical lymph nodes in childhood]. Laryngorhinootologie 93, S49–S69, doi: 10.1055/s-0033-

1363218. Epub 1362014 Apr 1363217 (2014).
5. Dickson, P. V. & Davidoff, A. M. Malignant neoplasms of the head and neck. Semin Pediatr Surg. 15, 92–98 (2006).
6. Tracy Jr, T. F. & Muratore, C. S. Management of common head and neck masses. Seminars in Pediatric Surgery 16, 3–13, doi: http://

dx.doi.org/10.1053/j.sempedsurg.2006.10.002 (2007).
7. Bryson, T. C., Shah, G. V., Srinivasan, A. & Mukherji, S. K. Cervical lymph node evaluation and diagnosis. Otolaryngol Clin North 

Am. 45, 1363–1383, doi: 1310.1016/j.otc.2012.1308.1007 (2012).
8. Hou, W. S. et al. Differentiation of Lung Cancers From Inflammatory Masses with Dual-Energy Spectral CT Imaging. Academic 

Radiology 22, 337–344, doi:http://dx.doi.org/10.1016/j.acra.2014.10.004 (2015).
9. Srinivasan, A. et al. Differentiation of benign and malignant neck pathologies: preliminary experience using spectral computed 

tomography. J Comput Assist Tomogr. 37, 666–672, doi: 610.1097/RCT.1090b1013e3182976365 (2013).
10. Lv, P., Lin, X. Z., Li, J., Li, W. & Chen, K. Differentiation of small hepatic hemangioma from small hepatocellular carcinoma: recently 

introduced spectral CT method. Radiology 259, 720–729, doi: 710.1148/radiol.11101425. Epub 11102011 Feb 11101425 (2011).
11. Trojanowska, A. et al. Squamous cell cancer of hypopharynx and larynx – Evaluation of metastatic nodal disease based on computed 

tomography perfusion studies. European journal of radiology 81, 1034–1039, doi: http://dx.doi.org/10.1016/j.ejrad.2011.01.084 
(2012).

12. Liu, H. et al. Evaluation of dual energy spectral CT in differentiating metastatic from non-metastatic lymph nodes in rectal cancer: 
Initial experience. European journal of radiology 84, 228–234, doi: http://dx.doi.org/10.1016/j.ejrad.2014.11.016 (2015).

13. Li, A. et al. Spectral CT imaging of laryngeal and hypopharyngeal squamous cell carcinoma: evaluation of image quality and status 
of lymph nodes. PloS one 8, e83492, doi: 10.1371/journal.pone.0083492 (2013).

14. Liu, H. et al. Evaluation of dual energy spectral CT in differentiating metastatic from non-metastatic lymph nodes in rectal cancer: 
Initial experience. Eur J Radiol. 84, 228–234, doi: 210.1016/j.ejrad.2014.1011.1016. Epub 2014 Nov 1027 (2015).

15. Liu, X. et al. Papillary thyroid cancer: dual-energy spectral CT quantitative parameters for preoperative diagnosis of metastasis to 
the cervical lymph nodes. Radiology 275, 167–176, doi: 110.1148/radiol.14140481. Epub 14142014 Dec 14140417 (2015).

16. Patel, S. A., Chambers, K., Lin, H. W., Faquin, W. C. & Randolph, G. W. An enlarging neck mass. JAMA Otolaryngol Head Neck Surg. 
140, 175–176, doi: 110.1001/jamaoto.2013.6075 (2014).

17. Rapidis, A. D., Faratzis, G., Lagogiannis, G. & Koutsoubi, K. Large Swelling of the Lateral Neck. Journal of Oral and Maxillofacial 
Surgery 63, 820–828, doi: http://dx.doi.org/10.1016/j.joms.2005.02.017 (2005).

18. Forghani, R., Yu, E., Levental, M., Som, P. M. & Curtin, H. D. Imaging evaluation of lymphadenopathy and patterns of lymph node 
spread in head and neck cancer. Expert Rev Anticancer Ther. 15, 207–224, doi: 210.1586/14737140.14732015.14978862. Epub 
14732014 Nov 14737111 (2015).

19. Balakrishnan, K. & Perkins, J. Management of head and neck lymphatic malformations. Facial Plast Surg. 28, 596–602, doi: 
510.1055/s-0032-1329934. Epub 1322012 Nov 1329927 (2012).

20. Stradiotti, P., Curti, A., Castellazzi, G. & Zerbi, A. Metal-related artifacts in instrumented spine. Techniques for reducing artifacts in 
CT and MRI: state of the art. European spine journal: official publication of the European Spine Society, the European Spinal Deformity 
Society, and the European Section of the Cervical Spine Research Society 18 Suppl 1, 102–108, doi: 10.1007/s00586-009-0998-5 (2009).

21. Gondim Teixeira, P. A. et al. Total hip prosthesis CT with single-energy projection-based metallic artifact reduction: impact on the 
visualization of specific periprosthetic soft tissue structures. Skeletal radiology 43, 1237–1246, doi: 10.1007/s00256-014-1923-5 
(2014).

22. Tanaka, R., Hayashi, T., Ike, M., Noto, Y. & Goto, T. K. Reduction of dark-band-like metal artifacts caused by dental implant bodies 
using hypothetical monoenergetic imaging after dual-energy computed tomography. Oral surgery, oral medicine, oral pathology and 
oral radiology 115, 833–838, doi: 10.1016/j.oooo.2013.03.014 (2013).

23. Lee, M. J. et al. Overcoming artifacts from metallic orthopedic implants at high-field-strength MR imaging and multi-detector CT. 
Radiographics: a review publication of the Radiological Society of North America, Inc 27, 791–803, doi: 10.1148/rg.273065087 (2007).

24. Mangold, S. et al. Single-source dual-energy computed tomography: use of monoenergetic extrapolation for a reduction of metal 
artifacts. Investigative radiology 49, 788–793, doi: 10.1097/RLI.0000000000000083 (2014).

25. Brook, O. R. et al. Spectral CT with metal artifacts reduction software for improvement of tumor visibility in the vicinity of gold 
fiducial markers. Radiology 263, 696–705, doi: 10.1148/radiol.12111170 (2012).

26. Winklhofer, S. et al. CT metal artefact reduction for internal fixation of the proximal humerus: value of mono-energetic 
extrapolation from dual-energy and iterative reconstructions. Clinical radiology 69, e199–e206, doi: 10.1016/j.crad.2013.12.011 
(2014).

27. Matsumoto, K. et al. Virtual monochromatic spectral imaging with fast kilovoltage switching: improved image quality as compared 
with that obtained with conventional 120-kVp CT. Radiology 259, 257–262, doi: 10.1148/radiol.11100978 (2011).

28. Meinel, F. G. et al. Metal artifact reduction by dual-energy computed tomography using energetic extrapolation: a systematically 
optimized protocol. Investigative radiology 47, 406–414, doi: 10.1097/RLI.0b013e31824c86a3 (2012).

29. Wang, Y. et al. Residual aneurysm after metal coils treatment detected by spectral CT. Quantitative imaging in medicine and surgery 2, 
137–138, doi: 10.3978/j.issn.2223-4292.2012.06.04 (2012).

30. Fleischmann, D. & Boas, F. E. Computed tomography–old ideas and new technology. Eur Radiol. 21, 510–517, doi: 510.1007/
s00330-00011-02056-z. Epub 02011 Jan 00320 (2011).

31. Bolus, D. N. Dual-energy computed tomographic scanners: principles, comparisons, and contrasts. J Comput Assist Tomogr. 37, 
944–947, doi: 910.1097/RCT.0000000000000028 (2013).

32. Vogl, T. J. et al. Dual-energy CT applications in head and neck imaging. AJR Am J Roentgenol. 199, S34–S39, doi: 10.2214/
AJR.2212.9113 (2012).

33. Ko, J. P., Brandman, S., Stember, J. & Naidich, D. P. Dual-energy computed tomography: concepts, performance, and thoracic 
applications. J Thorac Imaging. 27, 7–22, doi: 10.1097/RTI.1090b1013e31823fe31820e31829 (2012).

34. Kang, H., Lee, H. Y., Lee, K. S. & Kim, J. H. Imaging-based tumor treatment response evaluation: review of conventional, new, and 
emerging concepts. Korean J Radiol. 13, 371–390, doi: 310.3348/kjr.2012.3313.3344.3371. Epub 2012 Jun 3318 (2012).

35. Du, H., Zhang, H., Xu, Y. & Wang, L. Neuroendocrine tumor of the gallbladder with spectral CT. Quantitative imaging in medicine 
and surgery 4, 516–518, doi: 10.3978/j.issn.2223-4292.2014.08.04 (2014).

36. Matsuda, I. et al. Precision of the measurement of CT numbers: comparison of dual-energy CT spectral imaging with fast kVp 
switching and conventional CT with phantoms. Jpn J Radiol. 30, 34–39, doi: 10.1007/s11604-11011-10004-11600. Epub 12011 Dec 
11602 (2012).

37. Wang, L. et al. Correlation between CT attenuation value and iodine concentration in vitro: discrepancy between gemstone spectral 
imaging on single-source dual-energy CT and traditional polychromatic X-ray imaging. Journal of medical imaging and radiation 
oncology 56, 379–383, doi: 10.1111/j.1754-9485.2012.02379.x (2012).



www.nature.com/scientificreports/

8Scientific RepoRts | 6:31020 | DOI: 10.1038/srep31020

38. Remy-Jardin, M., Faivre, J. B., Pontana, F. & Remy, J. [Dual energy CT for thoracic applications]. Rev Mal Respir. 29, 1268–1271, doi: 
1210.1016/j.rmr.2012.1208.1002. Epub 2012 Oct 1223 (2012).

39. Lu, G. M., Zhao, Y., Zhang, L. J. & Schoepf, U. J. Dual-energy CT of the lung. AJR Am J Roentgenol. 199, S40–S53, doi: 10.2214/
AJR.2212.9112 (2012).

40. Heye, T., Nelson, R. C., Ho, L. M., Marin, D. & Boll, D. T. Dual-energy CT applications in the abdomen. AJR Am J Roentgenol. 199, 
S64–S70, doi: 10.2214/AJR.2212.9196 (2012).

41. De Cecco, C. N. et al. Dual-energy CT: oncologic applications. AJR Am J Roentgenol. 199, S98–S105, doi: 110.2214/AJR.2212.9207 
(2012).

42. Zenk, J., Bozzato, A., Steinhart, H., Greess, H. & Iro, H. Metastatic and inflammatory cervical lymph nodes as analyzed by contrast-
enhanced color-coded Doppler ultrasonography: quantitative dynamic perfusion patterns and histopathologic correlation. Ann Otol 
Rhinol Laryngol. 114, 43–47 (2005).

43. King, A. D. et al. Malignant cervical lymphadenopathy: diagnostic accuracy of diffusion-weighted MR imaging. Radiology 245, 
806–813, Epub 2007 Oct 2002 (2007).

44. Bisdas, S. et al. In vivo proton MR spectroscopy of primary tumours, nodal and recurrent disease of the extracranial head and neck. 
Eur Radiol. 17, 251–257, Epub 2006 May 2016 (2007).

45. Vandecaveye, V. et al. Head and neck squamous cell carcinoma: value of diffusion-weighted MR imaging for nodal staging. 
Radiology 251, 134–146, doi: 110.1148/radiol.2511080128. Epub 2511082009 Feb 2511080127 (2009).

46. Ng, S. H. et al. 18F-FDG PET and CT/MRI in oral cavity squamous cell carcinoma: a prospective study of 124 patients with 
histologic correlation. J Nucl Med. 46, 1136–1143 (2005).

47. Eisenmenger, L. B. & Wiggins, R. H. 3rd. Imaging of head and neck lymph nodes. Radiol Clin North Am. 53, 115–132, doi: 
110.1016/j.rcl.2014.1009.1011 (2015).

48. Imhof, H., Czerny, C., Hormann, M. & Krestan, C. Tumors and tumor-like lesions of the neck: from childhood to adult. Eur Radiol. 14, 
L155–L165 (2004).

Acknowledgements
Thanks are due to Xiaojie Luo (Beijing Hospital, Beijing, China ) for assistance with the experiments and valuable 
discussion.

Author Contributions
D.L. Guarantors of integrity of entire study; L.Y. and Y.Z., study concepts/study design; L.Y. and L.L., data analysis/
interpretation; L.Y., manuscript drafting or manuscript revision for important intellectual content; all authors, 
data acquisition, approval of final version of submitted manuscript, agrees to ensure any questions related to the 
work are appropriately resolved; L.Y., statistical analysis; L.Y. and L.L., manuscript editing. All authors read and 
approved the paper.

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Yang, L. et al. Differentiation of malignant cervical lymphadenopathy by dual-energy 
CT: a preliminary analysis. Sci. Rep. 6, 31020; doi: 10.1038/srep31020 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/
 
© The Author(s) 2016

http://creativecommons.org/licenses/by/4.0/

	Differentiation of malignant cervical lymphadenopathy by dual-energy CT: a preliminary analysis
	Introduction
	Results
	Patients’ characteristics
	Differences in sex and age between different lymph node groups
	Comparison of DECT quantitative parameters between different lymph node groups

	Discussion
	Materials and Methods
	Inclusion and exclusion criteria
	CT examination
	Image analysis
	Statistical analysis

	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                Differentiation of malignant cervical lymphadenopathy by dual-energy CT: a preliminary analysis
            
         
          
             
                srep ,  (2016). doi:10.1038/srep31020
            
         
          
             
                Liang Yang
                Dehong Luo
                Lin Li
                Yanfeng Zhao
                Meng Lin
                Wei Guo
                Chunwu Zhou
            
         
          doi:10.1038/srep31020
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep31020
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep31020
            
         
      
       
          
          
          
             
                doi:10.1038/srep31020
            
         
          
             
                srep ,  (2016). doi:10.1038/srep31020
            
         
          
          
      
       
       
          True
      
   




