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Abstract
Background: This study quantitatively assessed the efficacy of spectral computed
tomography (CT) imaging parameters for differentiating the malignancy and
benignity of solitary pulmonary nodules (SPNs) manifesting as ground glass nod-
ules (GGNs) and solid nodules (SNs).
Methods: The study included 114 patients with SPNs (61 GGNs, and 53 SNs)
who underwent CT plain and enhanced scans in the arterial (a) and venous
(v) phases using the spectral imaging mode. The spectral CT imaging parameters
included: iodine concentrations (IC) of lesions in the arterial (ICLa) and venous
(ICLv) phases; normalized IC (NICa/NICv, normalized to the IC in the aorta);
the slope of the spectral Hounsfield unit (HU) curve (λHUa/λHUv); and mono-
chromatic CT number (CT40keVa/v, CT70keVa/v) enhancement on 40 and
70 keV images. The two-sample Mann–Whitney U test was used to compare
quantitative parameters between malignant and benign SPNs, SNs, and GGNs.
Results: Pathology revealed 75 lung cancer cases, 3 metastatic nodules, 14 benign
nodules, and 22 inflammatory nodules. Among the 53 SNs there were 37 malig-
nant and 16 benign nodules. Among the 61 GGNs there were 41 malignant and
20 benign nodules. Overall, the CT40keVa, λHUa, CT40keVv, λHUv, and ICLv
of benign SPNs were all greater than those of malignant SPNs (all P < 0.05). For
GGNs, CT40keVa/v, CT70keVa/v, λHUa/λHUv, and ICLv of malignant GGNs
were all lower than those of benign GGNs.
Conclusion: Spectral CT imaging is a more promising method for distinguishing
malignant from benign nodules, especially in nodules manifesting as GGNs in
contrast-enhanced scanning.

Introduction

The incidence of solitary pulmonary nodules (SPNs) has
constantly increased and incorrect diagnosis remains a hot
topic in clinical practice. Conventional chest contrast-
enhanced computed tomography (CT) remains the stan-
dard method for identifying suspected lung cancer from
detected pulmonary nodules. Contrast-enhanced CT
images are used to characterize pulmonary nodules based
on different morphological signs and enhancement pat-
terns. Deep lobulated or coarse spiculated margins and

maximum attenuation of 20–60 Hounsfield units (HU)1

often indicate malignancy or central dense calcifications,
while maximum attenuation of ≤ 15 HU1 often serves as a
clue of benignity. However, oversimplified morphologic
appearance or enhanced values are unreliable for deriving
an accurate diagnosis of lung cancer from different kinds
of lung nodules in clinical practice.
There is considerable overlap between benign and malig-

nant SPNs in terms of enhancement patterns in conventional
CT images.1 Spectral CT is used by calculating the energy
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dependence of the X-ray attenuation coefficient by analyzing
and amplifying the mechanism and detail of traditional CT
imaging, with multiple parameters acquired by means of
monochromatic spectral images at energy levels ranging from
40 to 140 keV, as well as accurate material decomposition
images, such as monochromatic imaging, material decompo-
sition images, and spectral HU curve.2,3 Moreover, the mono-
chromatic spectral images of single energy levels provide
information about the attenuation changes in different mate-
rials as a function of X-ray photon energy.2,4 Spectral CT
material decomposition images enable the iodine component
of SPNs to be measured on iodine-enhanced images, which is
considered comparable to the real value (net enhancement)
of the extent of enhancement.2,3,5

To identify lung nodules using spectral CT images, several
studies have used multiple parameters, including iodine con-
centrations (IC), normalized iodine concentrations (NIC),
CT numbers of 40 or 70 keV monochromatic images
(CT40keV or CT70keV), and the slope of the spectral atten-
uation curve (λHU) to distinguish among inflammatory,
granuloma, benign nodules, and malignant tumors.5–11

These studies showed that spectral CT is one of the most
promising imaging techniques with potential clinical appli-
cations, although controversy and disagreement remain.
Thus, our aim was to prospectively evaluate the usefulness
of these parameters (IC, NIC, CT40keV, CT70keV, and
λHU) for differentiating malignant and benign SPNs mani-
festing as pure ground glass nodules (pGGNs), mixed
ground glass nodules (mGGNs), and solid nodules (SNs).

Methods

Patients

From January to August 2018, a total of 114 patients (54 men,
60 women, age range: 42–81 years, mean age 60.2 years �
8.1), were prospectively enrolled in the study. The Medical
Ethical Committee of Peking University Cancer Hospital and
Institute approved the research protocol and written informed
consent was obtained from all patients. Patients were selected
according to the following inclusion criteria: presence of a soli-
tary intrapulmonary nodule (pGGN, mGGN, or SN), an exist-
ing lesion ≥ 6 mm, and no contraindications to the
administration of iodinated contrast material. The exclusion
criteria were: patients with nodules of a maximum diameter
< 6 mm, patients aged under 18 years, pregnant patients, or
patients who declined to participate.

Computed tomography (CT) examinations

Computed tomography examinations were performed
using two-phase enhanced CT scanning using the spectral
imaging mode on a Revolution Xtream CT scanner

(GE Healthcare, Madison, WI, USA). Patients were
injected with 40/50 mL (≤ 70 kg body weight, 40 mL;
> 70 kg body weight, 50 mL) Iopromide (Ultravist 300;
Bayer Schering Pharma AG, Guangzhou, China) at a flow
rate of 5/6 mL/s (≤ 70 kg body weight, 5 mL/s; > 70 kg
body weight, 6 mL/s), followed by 30 mL saline solution at
the same injection rate. A GSI exam of the entire chest was
performed with scan delays of 30 and 90 seconds after the
start of contrast injection during the arterial (a) and portal
venous (v) phases, respectively. No serious injection com-
plications or issues occurred.
The acquisition parameters were: helical tube rotation

time 0.6 seconds, helical pitch 0.985, tube current of
600 mA, 512 × 512 pixel matrix, SFOV 500 mm and colli-
mation 40 mm, slice thickness of 5 mm, and slice gap of
5 mm. Contiguous axial images of 2.5 and 1.25 mm thick-
ness were generated with a soft tissue kernel (standard)
monochromatic with the GSI data file at default energy
levels of 40 and 70 KeV. The CT dose index volume
(CTDIvol) for GSI acquisition was 4.73 mGy.

Quantitative analysis of spectral CT images

All data were processed and analyzed using the GSI Volume
Viewer software package at AW4.7 workstation
(GE Healthcare). A radiologist with 10 years of experience in
chest CT diagnosis took the quantitative measurements to
analyze the monochromatic and material decomposition
images. During data analysis, the radiologist amplified the
display field of view by 15 or 20 cm to better select the region
of interest (ROI). The ROI was selected at the maximum
section of the lesion and carefully placed in an area that
avoided calcification, liquefaction, or necrosis, away from pul-
monary vessels and bronchi, and as large a region as possible
to reduce noise (0.50 pixels). All measurements were repeated
three times at the three contiguous imaging levels and average
values were calculated to ensure consistency.
Three types of images were reconstructed from the spec-

tral CT acquisition for analysis: spectral curve image,
iodine-based material decomposition images, and mono-
chromatic image obtained at energies ranging from 40 to
140 keV (Fig 1). Net CT numbers at energy levels of
40 and 70 keV were chosen at both a and v phases
(CT40keVa, CT70keVa and CT40keVv, CT70keVv) to
measure. In the iodine density image derived from the
iodine/water based material decomposition image, the IC
of lesions (ICLa/ ICLv) in double-phase enhanced scans
were measured. In the same slice, the IC in the aorta des-
cendens or subclavian artery (ICA) was also measured. The
normalized IC (NICa and NICv), which is the IC ratio in
the lesion and aorta descendens (NIC = ICL/ICA), was cal-
culated. These IC parameters, ICLa, ICLv, ICAa, ICAv,
NICa and NICv, are calculated in the a and v phases,
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respectively. The slope of the spectral HU curve (λHU)
was assessed at the 40–70 keV region using the equation
λHU = (40—70 keV) HU/70–40, based on previous stud-
ies. λHUa = (40—70 keVa) HU/70–40 and λHUv = (40—
70 keVv) HU/70–40 were calculated. In total 12 variables
were analyzed, as shown in Tables 1 and 2.

Statistical analysis

Data were transformed using a Box-Cox power transfor-
mation by Statistica 12 (Dell Inc., Round Rock, TX,
USA) to minimize the influence of extreme values or
non-normal distribution. Parameters were expressed as

Figure 1 A mixed ground glass
nodule in (a) the right upper lobe,
(b) the spectral curve, (c) the mono-
chromatic computed tomography
(CT) number obtained at 40 keV
and (d) 70 keV energy levels on
transverse monochromatic CT
image, and (e) iodine concentra-
tions of the lesion and the left sub-
clavian artery on iodine-based
material decomposition images,
obtained from single spectral CT
acquisition (section thickness
1.25 mm) in the arterial phase. (f)
Lepidic predominant adenocarci-
noma in a 54-year-old man was
confirmed by postoperative
pathology.
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mean � standard deviation and were tested for normal
distribution using the Kolmogorov–Smirnov test. If
parameters did not obey normal distribution, the Mann–
Whitney U test was performed to compare the parame-
ters between the benign and malignant groups, with a
Bonferroni adjustment for multiple comparisons. A
P value of < 0.05 indicated statistical significance. SPSS
version 18 was used to perform statistical analysis (SPSS
Inc., Chicago, IL, USA).

Results

We analyzed 114 nodules (78 malignant; 36 benign) from
114 patients. The lesion characteristics are shown in Table 3.
Lesion size varied considerably: the mean diameter was 21 mm
(range: 6–51 mm). Benign or malignant status was verified by
tissue sampling, surgery (50.9%), biopsy (39.5%), and diagnos-
tic treatment follow-up (9.6%). There were 53 SNs and
61 GGNs. The malignant nodules consisted of: lung adenocar-
cinoma (54.4%), squamous cell carcinoma (3.5%), small cell
carcinoma (4.4%), and metastases (2.6%). The benign nodules
consisted of: inflammatory (19.3%) and granuloma (11.4%).
The inflammatory nodules consisted of: 16 pneumonitis, 3 lung
abscess, and 3 focal-organizing pneumonia (Table 3).

Table 3 Review of baseline population and lesion characteristics in the
general, SN, and GGN cohorts

Variable
Total

(n = 114)
SNs

(n = 53)
GGNs
(n = 61)

Age (years) 60.2 � 8.1 58.70 � 10.36 53.6 � 7. 6
Gender
Male 54 (47.4%) 25 (47.2%) 29 (47.5%)
Female 60 (52.6%) 28 (52.8%) 32 (52.5%)
Diameter (mm) 2.1 � 1.25 2.6 � 1.5 1.9 � 1.1

Diagnostic technique
Biopsy 45 (39.5%) 25 (47.2%) 20 (32.8%)
Surgery 58 (50.9%) 23 (43.4%) 35 (57.4%)
Follow-up 11 (9.6%) 5 (9.4%) 6 (9.8%)

Location
Central 21 (18.4%) 18 (34.0%) 3 (4.9%)
Peripheral 93 (81.6%) 35 (66.0%) 58 (95.1%)

Final diagnosis
Benign 36 (31.6%) 25 (47.2%) 11 (18.0%)
Malignant 78 (68.4%) 28 (52.8%) 50 (82.0%)

Malignant lesions
Adenocarcinoma 62 (54.4%) 16 (30.2%) 46 (75.4%)
Squamous cell

carcinoma
4 (3.5%) 4 (7.5%) 0

Small cell
carcinoma

5 (4.4%) 5 (9.4%) 0

Mucous
adenocarcinoma

1 (0.9%) 1 (1.9%) 0

Large cell
carcinoma

1 (0.9%) 1 (1.9%) 0

Sarcomatoid
carcinoma

1 (0.9%) 1 (1.9%) 0

Carcinoid 0
Metastatic

carcinoma
1 (0.9%) 1 (1.9%) 0

Benign lesions 3 (2.6%) 3 (5.7%) 0
Inflammatory 22 (19.3%) 11 (20.8%) 11 (18.0%)
Granuloma 13 (11.4%) 9 (17.0%) 4 (6.6%)

Sclerosing
pulmonary cell
tumor

1 (0.9%) 1 (1.9%) 0

GGN, ground glass nodule; SN, solid nodule.

Table 1 Raw variables for differentiating general benign from malig-
nant SPNs

Parameters Benign (n = 36) Malignant (n = 78) P

CT40keVa 102.23 � 156.24 −16.56 � 248.21 0.021
CT70keVa 2.65 � 135.46 −69.03 � 355.22 0.162
ICLa 16.96 � 8.77 14.33 � 6.41 0.057
ICAa 53.89 � 30.77 46.89 � 29.33 0.228
NICa 0.45 � 0.36 0.40 � 0.25 0.923
λHUa 99.57 � 48.50 78.97 � 34.56 0.015
CT40keVv 102.07 � 152.64 −15.09 � 239.58 0.009
CT70kevv −0.96 � 133.79 −96.27 � 229.42 0.163
ICLv 18.22 � 8.65 13.58 � 4.37 0.002
ICAv 25.11 � 5.38 25.84 � 5.74 0.472
NICv 0.72 � 0.36 0.64 � 0.40 0.120
λHUv 103.03 � 48.84 81.18 � 32.20 0.006

CT40keVa and CT70keVa, monochromatic computed tomography
number enhancement on 40 and 70 keV images in the arterial
(a) phase, respectively; CT40keVv and CT70kevv, monochromatic com-
puted tomography number enhancement on 40 and 70 keV images in
the venous (v) phase, respectively; HU, Hounsfield unit; IC, iodine con-
centration; NIC, normalized IC; SPNs, solitary pulmonary nodules.

Table 2 Raw variables for differentiating general benign from
malignant SNs

Parameters Benign (n = 16) Malignant (n = 37) P

CT40keVa 139.61 � 49.14 138.70 � 43.36 0.713
CT70keVa 49.65 � 18.82 116.40 � 362.79 0.121
ICLa 15.84 � 5.83 14.68 � 6.15 0.450
ICAa 59.87 � 31.61 48.02 � 29.87 0.181
NICa 0.35 � 0.25 0.38 � 0.20 0.237
λHUa 89.96 � 31.94 78.16 � 33.84 0.222
CT40keVv 143.40 � 41.67 135.88 � 36.73 0.535
CT70keVv 51.70 � 16.93 53.83 � 10.28 0.771
ICLv 15.77 � 4.99 13.93 � 4.36 0.245
ICAv 25.72 � 5.77 24.81 � 5.42 0.656
NICv 0.62 � 0.18 0.62 � 0.18 0.846
λHUv 91.70 � 29.56 82.05 � 29.77 0.222

CT40keVa and CT70keVa, monochromatic computed tomography
number enhancement on 40 and 70 keV images in the arterial
(a) phase, respectively; CT40keVv and CT70kevv, monochromatic com-
puted tomography number enhancement on 40 and 70 keV images in
the venous (v) phase, respectively; HU, Hounsfield unit; IC, iodine con-
centration; NIC, normalized IC; SNs, solitary nodules.
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Figure 2 The graphs show box-whisker plots for comparisons between benign and malignant solitary pulmonary nodules (SPNs): (a) monochromatic
computed tomography (CT) number enhancement on 40 and keV images in CT40keVa and (b) CT40keVv, and Hounsfield unit (HU) curves (c) λHUa
and (d) λHUv in the arterial (a) and venous (v) phases, respectively; and (e) the iodine concentration in the v phase (ICLv). Box-whisker plots are shown,
in which the lower box boundary indicates the 25th percentile, the line within the box marks the median, and the top box boundary indicates the
75th percentile. Error bars below and above the boxes indicate the 10th and 90th percentiles, respectively. Other data are represented as individual
dots. The CT40keVa, CT40keVv, λHUa, λHUv and ICLv of malignant SPNs were significantly lower than those of benign SPNs (all P < 0.05).
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Comparison of IC, NIC, and λHU between benign and
malignant SPNs in the general cohort was conducted. In malig-
nant SPNs, the CT40keVa, CT40keVv, λHUa, λHUv, and ICLv
were significantly lower than in benign SPNs (all P < 0.05)
(Table 1, Fig 2). The CT40keVa, λHUa, CT40keVv, λHUv, and
ICLv in benign and malignant nodules were: 102.23HU
� 156.24 versus −16.56HU � 248.2, 99.57 � 48.50 versus
78.97 � 34.56, 102.07HU � 152.64 versus −15.09HU
� 239.58, 18.22mg/mL � 8.65 versus 13.58mg/mL � 4.37,
and 103.03 � 48.84 versus 81.18 � 32.20, respectively.
In the SN subgroup, 53 nodules (28 malignant,

25 benign) were assessed. Malignant SNs included: adeno-
carcinoma (30.2%), squamous cell carcinoma (7.5%), small
cell carcinoma (9.4%), and metastases (5.7%). There were
no statistically significant differences in the IC, NIC, and
λHU of malignant SPNs in both a and v phases compared
to those of benign SPNs. (Table 2).
In the GGN (pGGN and mGGN) subgroup, 61 nodules

(28 malignant, 25 benign) were assessed (Table 3). The malig-
nant nodules included were mainly adenocarcinomas (75.4%).
The raw variables for differentiating benign from malignant
GGNs are shown in Table 4. There were statistically signifi-
cant differences between the IC, NIC, and λHU of malignant
SPNs compared to benign SPNs. The CT40keVa, CT40keVv,
CT70keVa, CT70keVv, λHUa, λHUv, and ICLv of malignant
nodules were all lower than those of benign nodules (Fig 3).
The CT40keVa, CT40keVv, CT70keVa, CT70keVv, λHUa,
λHUv, and ICLv in benign and malignant nodules were:
67.04HU � 210.23 versus −142.14HU � 259.84; 63.17HU
� 204.09 versus −136.21HU � 247.64; −41.58HU � 179.11
versus −223.28HU � 241.60; −50.52HU � 173.63 versus

−216.19 � 235.50; 108.62 � 59.75 versus 81.14 � 34.82;
113.69 � 60.85 versus 81.98 � 33.46, and 20.53 mg/mL
� 10.71 versus 13.55 mg/mL � 4.08, respectively.

Discussion

It is well known that conventional CT imaging plays an
important role in the diagnostic differentiation of lung
nodules. Spectral CT imaging has the potential to provide
multiple parameters, such as monochromatic and mate-
rial decomposition imaging, to differentiate between
benign and malignant SPNs. Some studies have reported
that the iodine-related parameters (IC) of malignant SPNs
are significantly higher than those of benign SPNs,8,9

while others have reported that the IC and λHU in a
pneumonia group were higher than in a malignant tumor
group.5 However, our research results indicated that spec-
tral CT images with iodine quantification have a different
value for distinguishing SNs and GGNs, and may be more
useful for differentiating benign and malignant GGNs
than SNs.
In previous studies, net CT value increases in

contrast-enhanced scans have been used to differentiate
benign and malignant characteristics of SPNs, with a
cutoff value of 15 or 20 HU.1 Lung tumors often show
rapid and strong contrast enhancement because of the
high vascularity in tumors and the interstitial accumula-
tion of contrast material by means of the increased per-
meability of tumor capillaries.12 CT numbers on the
iodine-enhanced image and the degree of enhancement
show good agreement (intra-class correlation coeffi-
cients: 0.83 and 0.91, respectively) with CT numbers on
virtual non-enhanced and non-enhanced weighted aver-
age images.3 In a spectral CT imaging study, the net CT
number increases of malignant SPNs in the monochro-
matic energy level images after contrast enhancement
were higher than those of benign SPNs.6,8,9,13 Some
studies concluded that net CT number of 70keV mono-
chromatic images in a (CT70keVa) and v (CT70keVv)
phases indicated suitable enhancement in tumors,8 while
others suggested that the net CT number of 40 keV
(CT40keV) was a good choice, although the scan times
were different in the a and v phases after injection of the
contrast medium. Therefore, our study included two
parameters in the double phase, CT40keV and CT70keV,
to differentiate benign and malignant SPNs. In all nod-
ules, CT40keVa and CT40keVv were higher in benign
than malignant nodules (Fig 2a,b), which is a more apt
differentiation of the nature of the nodules. Similarly for
GGNs, CT40keV was used to perform differential diag-
nosis of benign and malignant nodules (Fig 3a,b). The
variation in CT70keV between benign and malignant
GGNs was statistically significant, while CT70keVa and

Table 4 Raw variables for differentiating general benign from malig-
nant GGNs

Parameters Benign (n = 20) Malignant (n = 41) P

CT40keVa 67.04 � 210.23 −142.14 � 259.84 0.004
CT70keVa −41.58 � 179.11 −223.28 � 241.60 0.004
ICLa 18.02 � 10.92 14.29 � 6.54 0.097
ICAa 48.26 � 28.96 46.24 � 30.62 0.834
NICa 0.53 � 0.42 0.42 � 0.29 0.530
λHUa 108.62 � 59.75 81.14 � 34.82 0.038
CT40keVv 63.17 � 204.09 −136.21 � 247.64 0.004
CT70keVv −50.52 � 173.63 −216.19 � 235.50 0.012
ICLv 20.53 � 10.71 13.55 � 4.08 0.002
ICAv 24.53 � 5.09 26.96 � 5.87 0.123
NICv 0.81 � 0.45 0.68 � 0.52 0.075
λHUv 113.69 � 60.85 81.98 � 33.46 0.009

CT40keVa and CT70keVa, monochromatic computed tomography
number enhancement on 40 and 70 keV images in the arterial
(a) phase, respectively; CT40keVv and CT70kevv, monochromatic
computed tomography number enhancement on 40 and 70 keV
images in the venous (v) phase, respectively; GGNs, ground-glass
nodules; HU, Hounsfield unit; IC, iodine concentration; NIC,
normalized IC.
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Figure 3 The graphs show box-whisker plots for comparisons between benign and malignant pure and mixed ground glass nodules (GGNs): monochro-
matic CT number enhancement on 40 and 70 keV images in (a) CT40keVa, (b) CT40keVv, (c) CT70keVa, (d) CT70keVv, and Hounsfield unit (HU) curves
(e) λHUa and (f) λHUv, in the arterial (a) and venous (v) phases, respectively; and (g) the iodine concentration in the v phase (ICLv). Box-whisker plots are
shown, in which the lower box boundary indicates the 25th percentile, the line within the box marks the median, and the top box boundary indicates the
75th percentile. Error bars below and above the boxes indicate the 10th and 90th percentiles, respectively. Other data are represented as individual dots.
The CT40keVa, CT40keVv, CT70keVa, CT70keVv, λHUa, λHUv, and ICLv of malignant GGNs were all lower than those of benign GGNs (all P < 0.05).
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CT70keVv were higher in benign compared to the
malignant nodules (Fig 3c,d).
Thus, we used the 40–70 keV region to define λHU and

assess the slope of the energy attenuation curve of an X-
ray beam passing through the nodules,14,15 while previous
studies used 40–100 keV, 70–100 keV or 100–140 keV
regions.5,9,13 The use of λHU, including λHUa and λHUv,
in this investigation was specific to spectral CT imaging
and thus was a feasible method to distinguish between gen-
eral malignant and benign nodules (Fig. 2c,d). Using the
λHUa and λHUv to distinguish benign from malignant
GGNs in the lungs, benign GGNs showed statistically sig-
nificantly higher λHUs (Fig 3e,f ).
The nodule IC directly reflects the blood supply situa-

tion in the lesion. Several studies have compared the CT
number of pulmonary nodules on iodine-enhanced images
with those on enhanced weighted average images. The CT
number on iodine-enhanced images revealed that malig-
nant nodules have significantly higher enhancement than
benign nodules (P < 0.05), with higher diagnostic sensitiv-
ity and accuracy.8,9,16–18 Our results revealed that for these
general nodules, the ICLv was higher in the benign than in
the malignant group (Fig 2e). For GGNs, the ICLv
decreased in malignant nodules at the same rate it
increased in benign nodules (Fig 3g).
Our results were inconsistent with previous research in

that the two parameters, λHU and IC, in benign nodules
were lower than in malignant nodules.5,9,13 There are sev-
eral reasons to explain this paradoxical condition. A
major reason may be the different sample populations
used, as previous studies focused on SNs, while our study
analyzed SNs (46.5%) and GGNs (53.5%). GGNs and
SNs were also investigated using spectral CT imaging to
determine benignity or malignancy. Kawai et al.
addressed the feasibility of using spectral CT imaging to
differentiate GGNs, by performing a phantom study with
artificial GGNs to analyze differences in calcium and
iodine concentrations, and then applying the spectral CT
technique to clinical cases with lung lesions.19 Our results
emphasize that spectral CT parameters CT40keV,
CT70keV, and λHU in the double phase and IC in the v
phase were advantageous for separating malignant and
benign GGNs, as these parameters were significantly ele-
vated in benign compared to malignant GGNs. Another
related condition, benign nodules were principally
inflammatory (61.1%). The IC was highest in the active
inflammatory group, followed by the malignant group,
which has been confirmed by previous studies.5,18,20 The
active inflammatory nodule is stimulated by inflamma-
tory agents, which leads to the arteriole and blood capil-
lary becoming more obviously dilated and the vascular
permeability increased. Inflammatory edema tissues com-
press the drainage vein and increase the hydrostatic

pressure of the tissues, and block the blood reflux more
obviously in benign than in malignant nodules. There-
fore, the active inflammatory nodule shows earlier and
more obvious reinforcement.21,22 The IC is not only
closely related to the blood supply, but also influenced by
various factors, including the total dose of contrast
medium, flow rate of injection, delayed scan time, and
individual differences in circulation. In this investigation,
the total dose of contrast medium (40/50 mL) was lower
and the flow rate of injection (5/6 mL/s) was faster than
in previous studies, which may be a third factor to
explain the differences in our results. These factors may
explain why our spectral CT variables did not meet sta-
tistical significance for differentiating benign and malig-
nant SNs. Further studies should be conducted to
confirm our results.
This study has several limitations. Firstly, this was a sin-

gle center study.23 Secondly, the relatively small study pop-
ulation limited our subgroup results; thus further studies
using larger sample sizes need to be performed. Thirdly,
the parameters were calculated from the GGN with a skip
attenuation range between −800 and −50 HU; however,
the reliability of this method for GGNs with higher attenu-
ation has not yet been clarified and should be investigated
further. Finally, we used different total doses of contrast
medium and flow rates of injection than previous studies;
therefore, non-normalization should be applied to raw
measurements.
In conclusion, spectral CT imaging is useful to acquire

multiple quantitative parameters for distinguishing malig-
nant solitary pulmonary nodules from benign. These
parameters are highly practicable for the clinical diagnosis
of benign and malignant GGNs.
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