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Abstract

Aims: The present study is to investigate the value of multi-slice spiral computed tomography (MSCT)
in the differentiation of benign and malignant solitary pulmonary nodule (SPN).

Methods: A total of 21 patients with benign SPN and 21 patients with malignant SPN were included in
the present study. MSTC perfusion imaging characteristics and parameters were analyzed. For imaging
analysis, shapes, locations, borders, density and enhancement of lesions were investigated. After
choosing the region of interest on the images, perfusion parameters, time-density curve and
hemodynamic parameters such as blood flow, blood volume, mean transit time, and permeability of
surface were evaluated.

Results: Patients with malignant SPN had greater blood flow, blood volume, mean transit time, and
permeability of surface than those with benign SPN. CT manifestations of malignant SPN were distinct
from those of benign SPN. Patients with malignant SPN had even enhancement but those with benign
SPN had thin wall ring enhancement or no enhancement. Malignant SPN had distinct perfusion
parameters and time-density curve compared with benign SPN. Peak height and mass/aorta peak ratio
were efficient in differentiating benign and malignant SPN.

Conclusions: The present study demonstrates that MSCT perfusion imaging technology provides the
imaging information of SPN. More importantly, hemodynamics and time-density curves of SPN are
effective in the differentiation of benign and malignant SPN. MSCT is helpful in the early treatment of

SPN, promoting the survival rate and improving the prognosis of SPN patients.
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Introduction

Solitary pulmonary nodule (SPN) is a mass smaller than 3
centimeters in diameter and it is commonly observed in
thoracic diseases [1]. SPN is presented as a solitary, nearly
round dense shadow that is completely surrounded by the lungs
in chest radiological examination, and the shadow has a well-
defined or unclear border [2]. However, atelectasis, pulmonary
hilar enlargement, pleural effusion or mediastinal lymph node
enlargement is not observed in SPN. According to a previous
study [3], patients with SPN account for 0.09-0.20% in all
subjects who undergo pulmonary imaging examination. Most
SPN cases are benign, and malignant SPN cases only account
for 5-40%. Of note, most malignant SPN patients have
bronchiogenic cancer. The 5-year survival rate of patients with
advanced lung cancer is lower than 5%, but that of patients
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with early stage lung cancer is higher than 90%. Therefore,
early and accurate diagnosis of the malignancy of SPN has a
great clinical significance for therapeutic regimen and
prognosis of lung cancer [4,5].

In recent years, the differentiation of benign and malignant
lung SPN has become a hot research topic. As the development
of imaging examination technology, multi-slice spiral
computed tomography (MSCT) perfusion imaging has been
widely used in clinical practice [6]. MSCT has a high
resolution and can be used for the accurate evaluation of tumor
vascular function. In the present study, we investigate the
hemodynamics of pulmonary lesions by MSCT, and try to use
relevant imaging manifestations and parameter indexes to
differentiate benign tumors from malignant tumors.
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Materials and Methods

Patients

A total of 42 patients who received MSCT examinations at our
hospital between August 2013 and August 2015 were included
in the present study. All patients were confirmed to have
pulmonary nodules by MSCT. According to percutaneous lung
biopsy and bronchoscopic biopsy, 21 patients were confirmed
to have malignant nodules, while the other 21 patients were
confirmed to have benign nodules. Among the 21 patients with
malignant nodules, 14 were male and 7 were female, with an
average age of 61.32 + 10.51 years and an age range of 26-76
years. Among the 21 patients with benign nodules, 11 were
male and 10 were female, with an average age of 57.74 + 9.67
years and an age range of 31-72 years. Clinical information
such as gender, age, clinical symptoms, calcification and
enhancement was compared between the two groups (Table 1).
All procedures were approved by the Ethics Committee of
Qingdao University. Written informed consents were obtained
from all patients or their families.

Table 1. Clinical information of patients.

Benign SPN Malignant SPN P value
Gender
Male/female 7114 12/9 ns
Age (years)
36-76 61.32 +10.51 57.74 £+ 9.67 >0.05
Symptoms
Cough 33.3% 52.3% >0.05
Pectoralgia 23.8% 28.5% >0.05
Expectoration 33.3% 42.8% >0.05
Hemoptysis 4.7% 38.0% <0.05"

Table 2. Hemodynamic parameters.

Wang/Zhou/Zhao/Xu/Zhang/Jiang/Tang/Yu

Chest tightness 14.2% 23.8% >0.05
No symptom 66.6% 19.0% >0.05
Calcification

Yes/No 7114 2/19 >0.05
Enhancement

Yes/No 11/10 18/3 <0.05"

Note: "P<0.05 between groups.

MSCT

The patients were in supine position and inspiratory scanning
was performed on a 64-slice spiral CT instrument (GE
Healthcare, Little Chalfont, UK). The scanning range was from
apex to bottom of the lungs, and from chest wall to armpit. The
scanning parameters were: tube voltage, 120 kV; tube current,
50 mA; slice thickness, 0.3-1 mm; high resolution algorithm
reconstruction. Pulmonary window and mediastinal window
were observed (lung window, +700 to -700 Hu; mediastinal
window, 50-300 Hu). After plain scanning of enhanced
patients, nonionic iodine contrast agent iohexol (350 mg I/ml;
dose, 1.0-1.5 ml/kg) was injected at a flow rate of 3-4 ml/s. At
35 s and 65 s after injection of nonionic iodine contrast agent,
scanning was performed.

Post-processing of images

CT perfusion 4.0 software of AW4.4 workstation (GE
Healthcare, Little Chalfont, UK) was used for post-processing
of images. First, perfusion CT value range was set, using large
blood vessels (descending aorta, thoracic aorta or aortic arch)
in the same level with pulmonary nodules as afferent artery.
Region of interest (ROI) was selected on the largest cross
section of the pulmonary nodule, and perfusion parameters in
perfusion status were calculated, including peak height (PH),
time to peak (TP), and mass peak and aorta peak ratio (M/A).

Blood flow (ml/min/100 g)

Blood volume (ml/100 g)

Mean transit time (s) Permeability of surface

(ml/min/100 g)

Malignant SPN 85.25+6.35 16.25 + 5.36 21.56 + 10.69 28.26 +4.26
Benign SPN 48.36 + 1.36 3.63 £0.93 12.63 £+ 1.96 15.36 + 3.63
Normal subjects 46.63 +3.76 3.23+0.77 10.94 + 1.56 14.46 +3.23
P value 0.004 0.016 0.037 0.040

Image analysis

After choosing ROI on the images, perfusion parameters, time-
density curve (TDC) and hemodynamic parameters such as
blood flow (BF), blood volume (BV), mean transit time
(MTT), and permeability of surface (PS) were obtained. The
images were examined independently by two experienced
chest imaging diagnostic physicians, and locations, sizes,
shapes, smoothness, lobulation, density, enhancement pattern
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and levels were recorded. CT manifestations were compared
with the results from pathological examinations.

Statistical analysis

The results were analyzed using SPSS 17.0 statistical software
(IBM, Armonk, NY, USA). Quantitative measurement data
were nearly normally distributed and expressed as means =+
standard deviations. Differences were compared using t-test.
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Receiver operating characteristic (ROC) curves were used to
analyze the area under curve (AUC), sensitivity and specificity.
The patient's clinical symptoms and imaging results were first
evaluated. Using SPSS software, PH, M/A and TP values were
compared with previous clinical data and ROC was plotted.
P<0.05 was considered statistically significant.

Results

Patients with malignant SPN have greater blood flow,
blood volume, mean transit time, and permeability of
surface than those with benign SPN

To compare the hemodynamic parameters between benign and
malignant SPN, perfusion parameters were analyzed using
statistical methods. The data showed that BF, BV, MTT, and PS
values in malignant SPN group (85.25 + 6.35, 16.25 + 5.36,
21.56 + 10.69, and 28.26 =+ 4.26, respectively) were
significantly higher than those in benign SPN patients (48.36 +
1.36,3.63 £0.93, 12.63 + 1.96, and 15.36 + 3.63, respectively)
(P<0.05) or normal subjects (46.63 +3.76, 3.23 £ 0.77, 10.94 +
1.56, and 14.46 + 3.23, respectively) (P<0.05) (Table 2). The
result suggests that patients with malignant SPN have greater
blood flow, blood volume, mean transit time, and permeability
of surface than those with benign SPN.

CT manifestations of malignant SPN are distinct from
those of benign SPN

To compare CT manifestations between the two groups, MSCT
was performed. The data showed that lobulation sign, edge
smoothness, burr spike, pleural retraction sign, air crescent
sign, welt vessel sign, and tail sign in malignant SPN were
significantly higher than those in benign SPN (P<0.05). Of
note, the calcified area was not significantly different between
the two groups (P>0.05). The results indicate that CT
manifestations of malignant SPN are distinct from those of
benign SPN.

Patients with malignant SPN usually have even
enhancement but those with benign SPN usually have
thin wall ring enhancement or no enhancement

To investigate enhancement degrees between the two groups,
MSCT images were analyzed. Among the 21 malignant SPN
patients, 11 cases showed even enhancement, 4 cases showed
irregular enhancement around the nodules, and 6 cases had
uneven enhancement. By contrast, 14 benign SPN patients had
ring enhancement and the other 7 cases showed no obvious
enhancement (Figure 1). The result suggests that patients with
malignant SPN usually have even enhancement but those with
benign SPN usually have thin wall ring enhancement or no
enhancement.
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Lung window Mediastinal window Arterial phase

Figure 1. MSCT manifestation of (A) benign SPN and (B) malignant
SPN. (A4) Inferior lobe of left lung showed the shadow of a round
lump with even density and clear border. Enhanced scan showed even
and medium-level enhancement. (B) Inferior lobe of right lung
showed even nodule shadow surrounded by burr spikes. Enhanced
scan showed uneven enhancement, and adenocarcinoma was
diagnosed by pathological examinations. Scanning parameters: tube
voltage, 120 kV; tube current, 50 mA, slice thickness, 1 mm.

Malignant SPN has distinct perfusion parameters and
TDC compared with benign SPN

To further investigate the CT characteristic parameters between
the two groups, perfusion parameters and TDC were analyzed.
The data showed that TP, M/A, and PH in malignant SPN
group were significantly higher than those in benign SPN
group (P<0.05). The TDC of malignant SPN group showed a
plateau after reaching the peak value, but the TDC of benign
SPN group had little change and showed no obvious upward
branch (Figure 2). These results indicate that malignant SPN
has distinct perfusion parameters and TDC compared with
benign SPN.
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Figure 2. Time-density curves (TDC) of (4) malignant SPN and (B)
benign SPN. Red curve is the TDC of pulmonary artery, blue curve is
the TDC of aorta, and brown curve is the TDC of the lesion.

Peak height and mass/aorta peak ratio can be used to
differentiate benign and malignant SPN

To test the diagnostic value of perfusion parameters, ROC
curves were plotted. The AUCs of the ROC curves of PH, M/A
and TP were 0.841, 0.763 and 0.609, respectively. PH and M/A
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showed statistically significant differences between benign and
malignant SPN groups (P=0.005), but TP showed no
significant difference between the two groups (P=0.087). The
Youden indexes for PH and M/A were 32.25 and 0.11,
respectively. When using PH>32.25 and M/A>0.11 for the
diagnosis of malignant SPN, the sensitivity were 87.5% and
81.3%, and the specificity were 85.3% and 79.3%, respectively
(Figure 3). These results suggest that peak height and mass/
aorta peak ratio can be used to differentiate benign and
malignant SPN.
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Figure 3. Receiver operating characteristic curves of peak height
(PH), mass peak and aorta peak ratio (M/A) and time to peak (TP)
for the differentiation of benign and malignant SPN.

Discussion

The diagnosis and differential diagnosis of SPN have always
been difficult in imaging diagnosis. Because of the clinical
symptoms and imaging manifestations of SPN are not specific,
the diagnosis of SPN is difficult and misdiagnosis usually
occurs. Perfusion imaging technology helps with the etiologic
diagnosis of SPN on the basis of morphological changes, CT
enhancement changes, multiplanar reformation, and three-
dimensional reconstruction. Early diagnosis of SPN improves
the survival rate and the prognosis of patients [7]. Perfusion
parameters that are used in the qualitative diagnosis of benign
and malignant SPN are mainly BF, BV, PS, and MTT [8-12]. In
the present study, SPN mostly occurs in the right lung, and its
incidence in upper lobe is higher than that in middle or low
lobe. Generally, larger nodules correspond to higher degrees of
malignancy, and more than 60% of nodules larger than 2 cm in
diameter are malignant [13]. Similarly, smaller nodules usually
have less chance of malignancy [14]. Smooth shapes and clear
borders usually indicate benign lesions. About 20% malignant
nodules have smooth borders. In general, deep lobulation and
short and dense burr usually indicate malignant nodules. The
result of the present study also confirms that benign and
malignant nodules have different morphology.

Scanning of SPN includes conventional enhanced scanning and
perfusion enhanced scanning. Changes in the density of SPN at
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different time points are used to evaluate the property of SPN
[15]. Because benign and malignant nodules have different
degrees of blood supply, the degree of contrast agent diffusion
into the interstitial tissue is not the same. The results of the
present study show that benign and malignant nodules are
distinct in BF, BV, MTT, PS, TP, M/A and PH values. In the
meantime, the AUC of TP, M/A and PH curves shows that PH
and M/A have higher diagnostic values than TP. This result is
correlated with tissue type and blood supply of the lesions. The
highest and lowest pathological types of malignant SPN are
adenocarcinoma and small cell lung cancer, respectively, which
have abundant microvessels. Damages of microvessels in
malignant SPN cause vessel expansion, tortuosity and uneven
distribution, leading to relatively high PH and M/A values and
parabolic TDC shape in CT perfusion imaging. By contrast,
benign SPN has intact vessels, and shows no blood supply or a
little blood supply in CT perfusion imaging. Therefore, benign
SPN has smaller CT enhancement value, lower PH and M/A
values and stable, flat TDC [7] in contrast to malignant SPN.
In conclusion, perfusion parameters and TDC in MSCT
perfusion imaging have clinical value in differentiating benign
SPN from malignant SPN. MSCT has important significance in
the early treatment and prognosis of malignant SPN.
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