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Abstract: Objective: To evaluate the clinical value of Lung CARE software in the diagnosis of benign or malignant
solitary pulmonary nodules (SPN). Methods: A total of 96 patients with SPN received treatment from January 2010
to December 2011 were selected. The patients were performed with CT scan and follow-up visits until diagnosis
confirmed. According to 96 patients’ measurement data, the diagnostic efficiencies of calculating doubling time
(DT) by measuring maximum diameters and by Lung CARE software were compared. Sixty-six of them were per-
formed with enhanced scan. They were selected as subjects to compare the diagnostic efficiency of measuring
enhancement values by cross-section method and Lung CARE software. Results: The sensitivity (96.0%), specificity
(91.3%) and accuracy (93.8%) of DT by Lung CARE software calculating volume were superior to those by maximum
diameter method (84.0%, 78.3%, 81.3%) and the P values were 0.012, 0.007, 0.008, respectively. The sensitivity
(85.7%) and accuracy (84.8%) of measuring enhancement values by Lung CARE software were superior to those by
cross-section method (81.0%, 81.8%), the P values were 0.033, 0.029 respectively. Conclusion: Using Lung CARE
software to measure volume and to calculate DT provides a better efficiency. Also, it is more convenient for measur-

ing enhancement values. Thus, the work efficiency of radiologists can be improved.
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Introduction

Solitary pulmonary nodule (SPN) can be seen in
lung film with circular or close to circular shad-
ows and the diameter is below 30 mm with high
density, and the patients didn’t attack by dis-
eases like mediastinal lesions or pulmonary
atelectasis [1]. The clinical symptoms of SPN
are not obvious. The smaller the nodules are,
the less typical manifestation of morphology in
image will be. So, at present, identifying the
nature of the nodules becomes a tough prob-
lem needed to be solved in clinic [2]. Doubling
time (DT) is a crucial attribute of nodules. If the
DT of nodules, especially small nodules, could
be calculated accurately by using software on
the basis of imaging detection, that would be
very important clinical value for the diagnosis
of benign or malignant nodules [3, 4]. Lung
Computer-Aided Reliability Estimation (Lung
CARE) is a kind of software that can be com-
bined with CT and analyze the shape and the

volume of pulmonary nodules, so that relatively
accurate DT can be obtained by calculating
three-dimensional angle and other data [5-9].
In this study, we evaluated the clinical values of
Lung CARE software in the diagnosis of SPN.

Materials and methods
General information

A total of 96 patients with SPN received by our
hospital from January 2010 to December 2011
were selected as subjects. A total of 96 patients
were selected as subjects to compare the diag-
nostic efficiencies of calculating DT by maxi-
mum diameter method and Lung CARE soft-
ware. Sixty-six of them were performed with
enhanced scan and were selected as subjects
to compare the diagnostic efficiency of measur-
ing enhancement values by cross-section
method. Patients with surgical histories and
suffered from other diseases were excluded.
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Table 1. The difference in DT calculated by differ-
ent methods (malignant tumors, n=24)

Methods DT (X *sd, days) t P
Maximum diameter

Lung CARE software  104.32+23.11

142.54+£39.42 9.844 0.017

Table 2. Comparison of diagnostic efficiencies
of measuring maximum diameter method and
software method in calculating DT to differenti-
ate malignant and benign SPN

Sensitivity Specificity Accuracy

Methods (%) %) (%)

Maximum diameter 84.0 78.3 81.3
Lung CARE software 96.0 91.3 93.8
P 0.012 0.007 0.008

Patients and their families were informed of
this study and participated in this study volun-
tarily. This study was in line with the require-
ments of the Ethics Committee of our hospital
and was approved by the Ethics Committee.

Inspection methods

Ninety-six patients were all performed with con-
ventional CT scan; their chests were scanned
with conventional mode, device model:
SIEMENS SOMATOM Sensation 16 CT machine.
Scanning parameters: 120 kV, preset 120
emAs, 0.5 s/circle, collimation 0.75 mm, collec-
tion 16*0.75 mm, pitch 1.15, matrix 512*512,
FOV around 350 mm*350 mm.

Enhanced scan: 80 ml iohexol was injected
through elbow vein with 3 ml/s. The scan
delayed 30 to 40 seconds.

Routine reconstruction: reconstruction thick-
ness was 8 mm, interval was 8 mm and convo-
lution values of lung and mediastinum were
B70f (sharp) and B40f (smooth) respectively.
Patients with SPN were reconstructed with
reconstruction interval of 0.70 mm, reconstruc-
tion thickness of 0.75 mm and convolution
value of B70f. To reduce the influence of recon-
struction algorithm on the measurement and
comparison of CT value, in patients performed
with enhanced scan, plain scan and enhanced
scan were all reconstructed using B70f. After
that, Lung CARE software was used for measur-
ing SPN, and the data were recorded. At last,
the conventional scanning images, thin layer
images (the thin layer images mentioned here
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and later all referred to images with interval
0.70 mm and thickness 0.75 mm) as well as
Lung CARE software measurement data and
images were imported into picture archiving
and communication system.

Diagnostic methods

Methods of confirming diagnosis: Methods for
confirming diagnosis included that pathology
confirmed by surgery or puncture; anti-inflam-
matory treatment was effective; the size of
nodules didn’t increase during the follow-up in
two years; malignant primary lesions were
proved by surgical pathology; SPN found in lung
significantly increased to metastatic tumor in
the follow-up period. All the included patients
were given follow-up visits until confirmed
diagnosis.

The diagnostic method of DT and enhancement
values: The methods included the appearance
of lobulated sign, spicule sign, inhomogeneous
density, irregular edge of lesions, vacuole sign,
pleural indentation sign and vessel conver-
gence sign of bronchus. According to the study
conducted by Yankelevitz et al., the pathologi-
cal nodules, with DT in 30-170 days, were
recorded as malignant [10]. The enhancement
value of malignant nodules was 20-60 HU.

Indexes

The DT was calculated by measuring maximum
diameter and Lung CARE software; the sensi-
tivity, specificity and accuracy of measuring
enhancement value were performed by cross-
section method and by Lung CARE software.
The indexes were used to analyze the clinical
significance of using Lung CARE for the diagno-
sis of SPN.

Statistical methods

The results were statistically analyzed by SPSS-
17.0 software. The measurement data were
expressed as mean + standard deviation (X £
sd), and the between-group comparison was
performed by t-test. The enumeration data we-
re expressed as percentage, and the between-
group comparison was performed by chi-square
test; the Youden index was calculated by three-
dimensional paired chi-square test for the com-
parison of diagnostic efficiencies. Statistical
results (differences) of P<0.05 were statistical-
ly significant.
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Table 3. The three-dimensional paired chi-square test of the 2 methods on calculating DT to diagnose

the benign and malignant nodules

True positive patients
Maximum diameter method

Three-dimensional paired chi-square test

True negative patients
Maximum diameter method

Positive Negative Total Positive Negative  Total
Lung CARE software method  Positive 41 7 48 1 3 4
Negative 1 1 2 9 33 42
Total 427 8 50 10# 36 46

Note: The Youden index of measuring maximum diameter method was 0.523 and the Youden index of Lung CARE software
method was 0.849. The maximum diameter method suggested that in true positive patients, when compare the positives with
negatives, "P<0.05; in true negative patients, when compare the positives with negatives, *P<0.05.

Table 4. Comparison of the difference in en-
hancement values between the two methods

Methods Enhancement values (HU)
Cross-section 47.59+9.28

Lung CARE software 58.47+11.43

P 0.023

Table 5. Comparison of diagnostic efficiencies
of cross-section and Lung CARE software in
measuring enhancement values to differentiate
malignant and benign SPN

Sensitivity Specificity Accuracy

Methods (%) %) (%)
Cross-section 81.0 83.3 81.8
Lung CARE software 85.7 83.3 84.8
P 0.033 0.681 0.029
Results

Basic information

In the 96 patients selected for the comparison
of diagnostic efficiencies of calculating DT
value by the maximum diameter and by Lung
CARE software, 53 were male and 43 were
female, aged 39-64 years, with mean age of
51.29+3.48 years; among them, there were 72
benign cases and 24 malignant cases. In the
66 patients performed with enhanced scan,
there were 37 males and 29 females, aged
41-67 years, with mean age of 52.31+4.12
years; among them, there were 49 benign
cases and 17 malignant cases.

Difference of DT calculated by different meth-
ods

The DT obtained by Lung CARE software mea-
suring volume was significantly smaller than
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that by measuring maximum diameter (t=9.844,
P=0.017). See Table 1.

The comparison of diagnostic efficacies of
differentiating malignant and benign SPN by
measuring maximum diameters and by soft-
ware calculating volumes to calculate DT

The sensitivity (96.0%), specificity (91.3%) and
accuracy (93.8%) of calculating DT by Lung
CARE software were all higher than those
by measuring maximum diameters method
(84.0%, 78.3%, 81.3%). Thus, the diagnostic
efficacy of Lung CARE software was better. The
P values were 0.012, 0.007, 0.008 respective-
ly, and the differences were statistically signifi-
cant. See Table 2.

Among true positive patients, measuring maxi-
mum diameters method suggested that the
difference of positive (42 cases) and negative
(8 cases) was statistically significant (P<0.05).
However, in true negative patients, there were
10 cases of positive, and 36 cases of negative
with significant difference (P<0.05). See Table
3.

Comparison of diagnostic efficiencies of differ-
entiating malignant and benign SPN by cross-
section method and Lung CARE software to
measure enhancement values

The enhancement values measuring by Lung
CARE software were significantly higher than
those by cross-section method (P=0.023). The
sensitivity (85.7%) and accuracy (84.8%) of
measuring enhancement values by Lung CARE
were higher than those by cross-section meth-
od (81.0%, 81.8%). Thus, the diagnostic effi-
ciency of Lung CARE software was better. The P
values were 0.033, 0.029 respectively, and the
differences were statistically significant. But
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Table 6. The three-dimensional paired chi-square test of the 2 methods on calculating enhancement
values to diagnose the benign and malignant nodules

True positive patients
Cross-section method

True negative patients

Three-dimensional paired chi-square test Cross-section method

Positive Negative Total Positive  Negative  Total
Lung CARE software method  Positive 33 3 36 1 3 4
Negative 1 5 6 3 17 20
Total 34" 8 42 4 20# 24

Note: The Youden index of the cross-section method was 0.519 and the Youden index of Lung CARE software was 0.658.
Cross-section method showed that in true positive patients, when compare the positives with negatives, *P<0.05; in true nega-
tive patients, when compare the positives with negatives, *P<0.05.

the difference of the specificity between the
two methods was not remarkable; see Tables 4
and 5. The difference of cross-section of posi-
tive and negative ratio was statistically signifi-
cant. See Table 6.

Discussion

Radiograph reading of traditional CT diagnosis
mainly depends on people. The results were
judged by doctors’ subjective sense leading to
comparatively large deviation. The combination
of CT and Lung CARE software can transform
that into quantitative measurement data to
obtain accurate and objective diagnostic crite-
ria [11]. Study found that the accuracy of the
detection can be improved by using computer
analysis techniques to calculate the data mea-
sured by CT [12]. And the deviation can be nar-
rowed down to sub-cubic millimeter; therefore,
the advantages of radiograph reading by Lung
CARE were more obvious than by people [13].

The results of this study showed that through
Lung CARE calculating volume to calculating DT
for the diagnosis of nodules’ nature, the sensi-
tivity (96.0%), specificity (91.3%) and accuracy
(93.8%) were higher than those data calculated
by measuring maximum diameter method
(84.0%, 78.3%, 81.3%), with significant differ-
ences (all P<0.05). And through Lung CARE cal-
culating enhancement values for the diagnosis
of nodules’ nature, the sensitivity (85.7%) and
accuracy (84.8%) were higher than those data
calculated by cross-section method (81.0%,
81.8%), with significant difference (both P<
0.05), but the difference of specificity of the
two methods was not obvious. In the aspect of
measuring volume, the analysis method Lung
CARE was to measure nodules’ volume by
three-dimensional analysis method and calcu-
late DT values according to the volume calcula-
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tion formula of DT value, DT=(At * In2)/In (V,/
V,). Compared with the results of surgical path-
ological diagnosis, Lung CARE had better accu-
racy of diagnosis in calculating both DT and
enhancement values [14-16].

The traditional method of calculation was to
diagnose the pulmonary nodules’ shape and
volume by simulation. Some scholars held the
idea that the structure of pulmonary is complex
and it is controversial that whether this method
could accurately define the scope of nodules or
not [17-21]. The results of this study showed
that the accuracy and sensitivity of Lung CARE
method were superior to traditional calculation
method.

At present, the study of SPN is very important in
clinic. The results of this study showed that
Lung CARE also had an advantage of accuracy
in measuring enhancement values. In theory,
the internal blood flow of SPN is not even. Many
scholars were only researching blood flow
model in a certain level without considering the
factor of blood flow in other ways. Hence, big
errors were existed. Besides, in the choice of
measurement level, there will be some difficul-
ties and divergences in selecting a uniform and
accurate level, and it takes a comparatively
long time, which is not beneficial to clinical
repeated examinations. There were scholars
carrying out preliminary researches on nod-
ules’ volume enhancement perfusion imaging
by using multi-dimension scan and Lung CARE
software. Therefore, the volume enhancement
study of structures, which have no obvious den-
sity unevenness, necrosis, calcification in plain
scan, are theoretically feasible and valuable,
and Lung CARE pulmonary nodule processing
software provides corresponding tool for the
study of nodular volume enhancement in this
aspect. While the size of samples included in
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this study was small, it might impact on the
results. So, bigger sample size and deeper
research are recommended for future studies.

In summary, Lung CARE software can provide
comparatively accurate results of nodules’ vol-
ume and the DT of nodules, and provide an
effective clinical basis for the diagnosis of nod-
ule’s nature.
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