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Background: To retrospectively assess whether the low-voltage lung CT scan coupled with iterative
reconstruction algorithms can be an optimal scanning method for measuring the size and density of lung
nodules in cancer patients.

Methods: Eighty two cancer patients receiving both chest scan with low-voltage (80 kV) and abdomen
CT scan with standard voltage (120 kV) were enrolled in this study. Lung nodules were measured manually
and semi-automatically by two different computer-aided diagnosis (CAD) systems. The nodules were then
divided into large-, medium- and small-size groups based on their largest diameter. Additionally, the nodules
were categorized into three different groups according to their density: calcified, solid and partial-solid
nodules. The 3D volumes, average diameter and CT value of lung nodules were measured using the two
CAD semi-automated systems, and the CT values were compared with regards to the different tube voltages.
Furthermore, the accuracy and reliability of CAD systems were validated in the large nodules.

Results: The scores of subjective evaluation indicated that the quality of lung nodule images yielded
optimal clinical diagnostic value for both 80 kV (2.35+0.054) and 120 kV (2.51+0.053) scanning methods,
with a strong inter-observer consistency (Kappa =0.848 and 0.829, respectively). Intraclass correlation
coefficient (ICC) and Bland-Altman plot revealed that two CAD systems produced the consistent results.
Mean CT values of large nodules (n=18) were significantly different between 80 and 120 kV (-28.11+47.39
vs. =39.61+43.32 HU, P<0.05). Notably, the CT value of 80 kV was 33.96% higher than that of 120 kV.
Moreover, the volumes of 66 solid lung nodules demonstrated a statistically significant difference (1.68%)
between 80 kV group (740.89+156.97 mm’) and 120 kV group (753.48+157.92 mm’, P<0.05). Furthermore,
significant differences were observed in the CT values of large nodules between 80 and 120 kV groups
(25.64+12.67 vs. 13.89+9.78 HU, P<0.05), but not the maximum diameters (12.08+1.56 vs. 12.13+1.56 mm,
P>0.05).

Conclusions: Our study suggests that detection of lung nodules with ultra-low-dose CT can yield an
excellent image quality and optimal diagnostic values as compared to the standard dose CT. Therefore, CT
scan with low voltage of 80 kV CT scan can be leveraged to improve the diagnosis and surveillance of lung
nodules measured less than 30 mm in diameter. Further investigation with a larger sample size is warranted
to confirm our findings, particularly the increased CT values of large nodules and the greater volume of solid

nodules after exposure to low-dose CT scan.
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Introduction

Lung nodules are often discovered accidentally when chest
imaging is performed during routine screening or for some
other reason. The guidelines for management of lung
nodules have been reported elsewhere (1). For malignant
cancer patients with pulmonary nodules, CT follow-up is
necessary after initial treatment, in order to enable timely
diagnosis and effective management of lung nodules.
Conventional visual methods fail to differentiate malignant
from benign nodules in many cases (2). For example, if
an error of observation or measurement of the longest
diameter is made by the radiologist, an inappropriate
classification into “no further follow-up indicated” would
be rendered. Ultimately this could result in a failure
to diagnose a growing lung cancer (3). So in addition
to subjective observation, a computer-aided diagnosis
(CAD) system may play a crucial role in the evaluation of
pulmonary nodules (4).

However, the exposure to ionizing radiation from
multiple CT scans can induce the risk of secondary cancer
induction (5). International Commission on Radiological
Protection (ICRP) suggests that every 1 mSv increase of
radiation can induce the lifetime risk of cancer by 0.005% (5).
Therefore, it is desirable to establish a CT scanning
protocol with low-dose radiation for the surveillance of lung
nodules. The guidelines published in 2013 recommended
a consistent low-dose CT scan for patients who required
prolonged follow-up, especially in younger patients (6). The
concept of low-dose CT scan in lung was initially proposed
by Naidich and colleagues. As a consequence, they found
that the mortality rate of lung cancer was 20% lower in
low-dose radiation group as compared to standard dose
group (7).

Low-dose CT scan is typically achieved by fixing the tube
voltage, lowering the tube current or reducing scan length
(8-10). In addition, the automatic tube current modulation
is gaining much attention and has been reported to be an
effective auto-exposure control system by minimizing the
radiation exposure to patient while maintaining adequate
image quality (9,11). It is well known that the tube voltage
has an exponential relationship with radiation dose, and
thus, lowering the tube voltage can result in a significant
decrease in radiation dose (12,13). However, another study
focusing on the low dose and dual-energy CT has revealed
that lowering the scanning voltage may cause an apparent
increase in CT value of certain brain tissues (14). Other
studies (15,16) have reported that the average enhanced CT
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values of pulmonary trunk, segment and sub-segment blood
vessels were significantly higher in the low tube voltage
group (110 or 100 kV) than those in the standard voltage
group (130 or 120 kV).

In a previous study, lowing the tube voltage to 80 kV
can obtain a high quality and evaluable CT images, while
allowing a significant reduction of radiation dose by 32% to
60% (17). But it is still uncertain whether the lung nodule
images scanned with low tube voltage are of comparable
diagnostic accuracy as those scanned with standard
tube voltage. In this study, we investigated the imaging
characteristics of lung nodules with a range of 4 to 30 mm in
diameter among cancer patients receiving low (80 kV) and
standard voltage (120 kV) CT scans. Accordingly, this study
aimed to retrospectively assess whether low-voltage lung
CT scan coupled with iterative reconstruction algorithms
can be an optimal scanning method for measuring the size
and density of lung nodules in cancer patients.

Methods
Participants

We conducted a retrospective review of all CT images
obtained from 82 (43 males, 39 females; average age:
56.16x1.16 years old; BMI: 24.55+0.34 kg/m’) cancer
patients who were admitted to the Department of
Medical Oncology at the First Hospital of China Medical
University from March to November 2014. These patients
received both low-dose lung (80 kV) and standard-dose
abdominal (120 kV) CT scans for intra- or extra-lung
cancer. In addition, the ROI was retrieved by the same
scanning methods. The study protocol was approved by the
Institutional Review Board (IRB) of the same university and
local ethics committee A waiver of informed consent was
requested and approved by the IRB.

CT data acquisition

All CT scans were performed with a 256-section iCT
machine (Philips Healthcare, Cleveland, OH). The scan
parameters were as follows: (I) a low tube voltage of 80 kV
was used for the complete spiral chest CT scanning of the
lungs from apex to base; (II) a standard tube voltage of
120 kV was used for the abdominal scans and the scanning
range was from diaphragmatic dome to pubic symphysis.
Unless noted elsewhere, the following scan parameters were
used throughout the study: rotation speed of 0.5 s/r; slice
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resolution corresponds to 0-3 scores.

thickness of 1 mm, with 1 mm increment; a hybrid iterative
reconstruction iDose* algorithm with strength level of 2
(Philips Healthcare, Cleveland, OH) and implementation
of soft tissue and lung reconstruction algorithms. The lung
nodules that located in both lung and abdominal CT scans
were selected for this retrospective analysis.

Image quality assessment

Image visual evaluation

All images with lung window settings [WW, 1,500
Hounsfield units (HU); WL, -600 HU] were reviewed
by two senior radiologists in a double-blind mode. The
adjustments of window width and window level were
allowed during image quality evaluation. The subjective
4-point scale was adopted (18), with a slight modification
(Figure 1): 0= fuzzy (poor) image with strong noise and
substantial artifacts, which is not useful for diagnosis; 1=
fair image with partially obscured contour, moderate noise
and artifacts, but with acceptable diagnostic value; 2=
good image with little noise or artifacts and clear contours
providing sufficient diagnostic information; and 3= excellent
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Figure 1 A subjective 4-point scale was adopted for a quantitative image assessment with slightly modification: (A,B,C,D) four image

image with minimal noise and artifacts, and smooth
contours, which is extremely useful for diagnostic purposes.

Lung nodules measurement and inclusion criteria

Single or multiple lung nodules showing clear boundaries
and largest cross-sectional diameter <30 mm were included.
Additionally, the lung nodules were surrounded by aerated
lung tissue, but not associated with atelectasis, hilar
enlargement or pleural effusion as described previously (12).

Images derived from standard 120 kV scan were first
assessed through a computer to automatically measure
the maximum diameter of lung nodules. Subsequently, all
the images were transferred to the workstations (Aquarius
iNtuition Edition ver. 4.4.6.80) with SAT-lung module and
Lung Nodules Assessment, for the automatic measurement
of lung nodule segmentation.

The inclusion criteria for lung nodule were as follows:
(I) nodules measured between 4 and 30 mm; and (II)
recognized by the aforementioned automatic pulmonary
nodule segmentation systems. Lung nodules that met the
pre-established criteria were further analyzed with a semi-
automated approach for their average diameter, volume and
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CT value. In addition, the same images were examined by
different computer-aided diagnostic (CAD) systems.

Classification of lung nodules
The lung nodules were classified according to:

(I)  Size: lung nodules detected by both 80 and 120 kV/
CT scans were classified into three groups based
on their maximal diameter. For 120 kV, the nodules
measured between 4 and 8 mm in diameter were
classified as A, o~1; the nodules measured between
8 and 15 mm as A,,(~2; while the nodules measured
between 15 and 30 mm as A ,qy-3. Similarly, the
nodules detected with 80 kV were classified as
Agov-1, Agov-2 and Agy-3 for the nodules measured
between 4 and 8, 8 and 15, and 15 and 30 mm in
diameter, respectively.

(II) Density: lung nodules identified with 80 kV and
120 kV were visually assessed by two radiologists
and divided into three groups based on their
density. For 120 kV, A*},y-1: partial-solid nodules;
A*,ov-2: solid nodules and A* 5o ~3: calcified
nodules. Likewise, for 80 kV, all the three nodule
groups were denoted as A*gg-1, A*gv-3 and
A*g0-3, respectively. In this study, the partial-solid
nodules involved the pure ground-glass opacity
(GGO) nodules that can be reconstructed with
1 mm of thickness and mixed GGO nodules (i.e.,
partially solid nodule). Calcified nodules were
consisted of calcified components with a diffused
or centralized, thin or popcorn-like calcification
form within the lung CT scan (19). Solid nodules
appeared as an attenuating mass between partial
solid and calcified nodules.

The diameter, volume and CT value of each lung nodule
were obtained from the average measurement of the two
CAD systems (CADs), except for the agreement between
them. In order to validate the accuracy and reliability of
CADs measurements, the maximum diameter and CT value
of large nodules were measured independently, and the
results were compared to those measured with CADs under
the two different voltages.

Statistical analysis

Cohen’s Kappa statistic was used to evaluate the inter-rater
reliability between the scores of two radiologists regarding
the image quality obtained from both low and standard
voltage protocols. Kappa value (K) was considered highly
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reliable if K>0.80, fairly reliable (0.61-0.80), moderately
(0.41-0.60), poorly reliable (0.21-0.40) and unreliable (<0.20).

Meanwhile, the agreement between the CADs
measurements was determined by intraclass correlation
coefficient (ICC) and Bland-Altman plot. Paired sample
t-test was used to evaluate if there was a significant
difference in the CT value between low and standard
voltage groups. The maximum diameter, maximum volume
and the difference between CT value and maximum
diameter were measured manually. All statistical analyses
were performed with SPSS statistical software (SPSS
Version 16.0, Chicago, IL). Data were expressed as mean =
SEM. P values of less than 0.05 were considered statistically
significant. The actual value for the percentage difference
can be calculated from the formula below:

) | 80 kV group —120 kV group |
The percentage difference =
(80kV group+120kV group)/2

Results
Image quality assessment

Images acquired with 80 and 120 kV scan protocols

CT scan images acquired from 80 and 120 kV exhibited a
clean margin that facilitates an accurate detection of lung
nodule. Moreover, no obvious differences were observed
for the images obtained from the two different voltage
protocols following algorithm analysis. However, a few
beam hardening artifacts were found in some images

acquired with 80 kV (Figure 2).

Subjective image assessment

The images obtained from 82 patients were assessed and
scored by two radiologists. The results are summarized
in Table 1. All images received 2 points or higher, except
for two cases who received 1 point for their relative poor
image quality, indicating that the scanned images are of
high quality and optimal diagnostic values. Moreover, a
fairly reliable agreement was reached between two inter-
observers, as demonstrated by strong K values of 0.848
and 0.829. The mean score of the images obtained with
120 kV was 2.51+0.053; while 2.35x0.054 for 80 kV scans.
However, there was no significant difference in the mean
score between the two voltage protocols (P>0.05).

Detection rate of lung nodules

Under the tube voltage of 120 kV, a total of 112 nodules
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Figure 2 Images were acquired from a 55-year-old patient with carcinoma of the rectum. Sporadic beam hardening artifacts were visible in

the same images acquired with 80 kV (A) but not with 120 kV (B).

Table 1 Summary of the subjective image assessment under 80 and 120 kV scanning

120 kV 80 kV
Observers
Point 1 Point 2 Point 3 Total Point 1 Point 2 Point 3 Total
Observer 1 - 41 41 205 1 53 28 190
Observer 2 - 40 42 206 1 49 32 195
601 protocols did not differ significantly (t=0.716, P>0.05).
I 30 kV
I 120 kV

40

20

Number of nodules

<8 8-15 >15

Nodules diameter (mm)

Figure 3 Distributions of lung nodules with the different maximum
diameter detected with low and standard voltage protocols. Nodules
with a diameter lager than 15 mm were readily detected with both

tube voltages.

were identified from 63 of 82 patients, with a detection
rate of 76.83%. When a low tube voltage of 80 kV was
applied, the nodule detection rate was 74.39% (108 nodules
from 61/82 patients), which was almost identical with the
standard tube voltage of 120 kV. However, y* test revealed
that the observed frequency distribution for the two voltage

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Measurements of lung nodule diameter with CAD systems

Through visual inspections, our results suggest that the
detection rate of lung nodules is identical between the two
voltages (Figure 3). We further evaluated the measurements
of maximum diameter of 96 lung nodules (small, n=52;
medium, n=26; and large, n=18 nodules) using two
commercial CAD software packages (SAT-lung of Aquarius
iNtuition Edition (ver. 4.4.6.80, Premier Farnell) and Lung
Nodule Assessment, Philips). The mean diameters of lung
nodules analyzed by SAT-lung were (120 kV: 9.71£0.654 mm
and 80 kV: 9.64+0.677 mm), while the mean diameters
were 9.44+0.689 mm (120 kV) and 9.51+0.647 mm (80 kV)
for Lung Nodules Assessment. However, no significant
differences were observed for the mean diameters of lung
nodules assessed by the two CAD systems under the same
voltage scan. Furthermore, the degree of agreement was
determined by calculating the ICC values, in order to
compare the results between SAT-lung and Lung Nodules
Assessment (Figure 4). The obtained ICC values for 120
and 80 kV were 0.957 and 0.90, respectively. In addition,
Bland-Altman plots suggest that only 4 out of 96 nodules
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Figure 4 Images of lung nodules were analyzed with Lung Nodules Assessment of Philip Computer-Aided Diagnosis Systems (A,B) and

SAT-lung of Tera Aquarius iNtuition Edition software (ver.4.4.6.80) (C,D). Images were obtained from a 57-year-old patient with rectal

cancer. Left: image was acquired with 80 kV tube voltage. Right: the same image with 120 kV. Lung algorithm analysis did not reveal a

significant difference in image quality (z=-0.688, P=0.492, P>0.05). The CT values of lung nodules in (A,B,C,D) images were respectively
-76.3+12.409, -105£12.649, -45+13.204 and -56+9.866 HU. The volumes were respectively 0.679+0.042 cm’, 0.711x0.026 cm’,

719.5+8.678 mm’ and 714.5+8.643 mm’.

(80 kV) and 6 out of 96 (120 kV) lie beyond the 95%
confidence intervals (Figure 5), indicating that a fairly good
agreement is existed between the two CAD systems, for the
measurement of nodule diameters.

Comparison of maximum diameter, volume and CT value
in lung nodules with different size

As shown in Table 2, a total of 96 lung nodules were
analyzed for their maximum diameter, volume and CT value
at different voltage scan. These results indicated that there
were no significant differences in the maximum diameter
and volume of lung nodules among the small-, medium-
and large- size groups (P>0.05). Interestingly, a significant
difference (P<0.05) was observed for the CT value of lung
nodules in large size group, but not small and medium

size groups (P>0.05). On average, CT value at 80 kV was
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33.96% higher than that at 120 kV.

Comparison of maximum diameter, volume and CT value
in lung nodules with different density

The maximum diameter, volume and CT value of
lung nodules with different density at different voltage
scan are listed in Table 3. No significant differences
were found among the partial-solid density, solid
density and calcified nodules groups with regards
to their maximum diameter and CT value (P>0.05).
There was a significant difference in the volume
of solid density nodules between 80 and 120 kV
(740.89£156.97 vs. 753.48+157.92 mm’, respectively;
P<0.05), but not partially solid density and calcified
nodules. The average volume at 80 kV appeared to be
1.68% lower than that at 120 kV.
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Figure 5 Bland-Altman plots of the pooled lung nodule assessment indicated a good agreement between two quantitative measurements

performed with two CAD systems for low (A) and standard (B) voltage. CAD, computer-aided diagnosis.

Table 2 Summary of the maximum diameter, volume and CT value of the small-, medium- and large-size nodules

Parameters Numbers Maximum diameter (mm) Volume (mm®) CT value (HU)
The small-size nodules (4< D <8 mm)
A1 52 5.99+0.153 61.35+3.855 -345.48+235.44
Bgow~1 6.07+0.289 58.37+4.593 -329.90+265.00
T value -0.36 1.075 -1.129
P value 0.72 0.288 0.264
The medium-size nodules (8< D <15 mm)
Azow2 26 10.17+0.516 337.61+53.936 —-245.38+226.91
Baow-2 10.95+0.472 332.56+50.339 -230.23+266.40
T value -1.923 0.544 -0.782
P value 0.066 0.592 0.442
The large-size nodules (15< D <30 mm)
Azo-3 18 21.44+0.958 2,330.64+377.01 -39.61+43.32
Bgow-3 20.70+1.246 2,307.76+375.69 -28.11+47.39
T value 1.405 1.464 -4.167
P value 0.178 0.161 0.001

The results show that the lung nodules in small, medium and large groups detected with 80 and 120 kV scanning voltages did not differ
in their maximum diameter or volume (P>0.05). The large-size nodules have no significant difference in maximum pulmonary nodule
diameter, volume or CT value (P>0.05). However, there is significant difference between A, -3 and Bg, -3 in their CT value (t=-4.167,

P=0.001, P<0.05).

Validation of diameter measurements of the large nodules

by CADs

The diameters and CT values of 18 nodules from large-size

group were measured and compared to estimate the degree

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

of agreement between manual measurement and automatic
CADs measurement. The results are shown in Table 4,
indicating that the accuracy and reliability of measurements

for lung nodule diameter can be achieved with automated
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Table 3 Summary of the maximum diameter, volume and CT value of the nodules with the different density

Parameters Number Maximum diameter (mm) volume (mm3) CT value (HU)
The partial-solid density nodules
A g1 10 6.75+0.779 99.80+23.979 -636.3+30.02
B*gov-1 6.83+0.674 99.03+22.851 -654.9+16.97
T value -0.301 0.07 0.764
P value 0.77 0.946 0.464
The solid density nodules
A o2 66 11.08+0.87 753.48+157.92 -263.06+26.92
B*soiv-2 10.95+0.88 740.89+156.97 —-265.47+27.57
T value 0.959 2.47 0.273
P value 0.341 0.016 (P<0.05) 0.786
The calcified nodules
A% o003 20 6.02+0.62 51.70+£9.94 -184.20+59.09
B*sorv-3 6.43+0.66 53.48+9.13 -137.20+68.56
T value -0.592 -0.269 -1.301
P value 0.561 0.791 0.209

No significant differences among the partial-solid density, solid density or calcified nodules were found for their respective maximum
diameter or CT value (P>0.05). However, there is significant difference in the volume of the solid density nodules, but not partially solid
density or calcified nodules, between 80 and 120 kV. The average volume appears to be 1.68% lower in 80 kV than that in 120 kV.

Table 4 Manual measurements of maximum diameter and the CT value of large nodules

Parameters Number Maximum diameter (mm) CT value (HU)
Aszo0-3 18 12.13+1.56 13.89+9.78
Bsow-3 - 12.08+1.56 25.64+12.67
T value - 1.017 —2.689

P value - 0.323 0.016 (P<0.05)

The results show that there is no significant difference in maximum diameter between two voltage groups. However, there is significant
difference between two voltage groups in their respective CT value. These results are consistent with those of measurements performed

with CAD. CAD, computer-aided diagnosis.

CAD systems. Notably, the performance of manual
measurement is considerably lower than of CAD systems.

Discussion

"To date, with the increasing frequency of CT examination
in routine clinical practice and in accordance to the as-
low-as-reasonably-achievable principle, much progress has
been made in the reduction of radiation dose (7,9,20,21).
Moreover, in patients with primary extra pulmonary

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

tumors, long-term CT=-scan follow-up are often required to
detect and monitor metastatic lung cancer. Except for those
lung nodules measuring greater than 30 mm in diameter,
the nodules with diameters between 4 and 30 mm should
be monitored by multiple CT scans (22,23). However, CT
follow-up is not necessary for low risk cancer patients with
nodule diameter of less than 4 mm, as recommended by
Fleischner Society (6,24,25). Hence, our study focused on
the intra- or extra-pulmonary lung cancer patients with
nodules of less than 30 mm in diameter. By taking advantage
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of the fact that the lung nodules have been scanned at both
low and standard voltages, we retrospectively assessed the
scan images to determine whether the images acquired with
low voltage scan can demonstrate an adequate quality for
clinical diagnostic purposes.

Our findings strongly support the low dose 80 kV CT
scan as an essential diagnostic imaging tool for a continually
increasing variety of clinical applications. Additionally,
the feasibility and safety of such low voltage protocol are
subjected to a continuous surveillance of patients with
lung nodules. The results of indicated a reliable inter-
observer agreement for the quality of images scored at
different voltages scan. Moreover, CT images acquired
at low voltage were sufficient to assess the lung nodules
without compromise diagnostic confidence. Furthermore,
the lung nodule images with low voltage scan can exhibit an
identical detection rate as compared to those with standard
voltage scan, suggesting that 80 kV scan protocol can be
used for multiple CT scans as long as the size of the nodule
is concerned. These results were consistent with previous
findings of low-dose CT scan. For instance, Adrian et a/.
evaluated an ultra-low dose CT scan for lung disorders,
and their results showed that the low-dose of 80 kV CT is
clinically useful for lung cancer screening as compared to
the conventional dose of 100 kV (26).

In theory, the diameter of nodule may increase by
26% when the volume is doubled. Thus, the volume
measurement appears to be more sensitive than the changes
in nodule’s diameter, especially for small nodules. Our
results showed that there was no difference in the diameter
of nodules scanned at low and high tube voltage. However,
the volume of the solid nodules was significantly different
between the two voltages group. The volume of lung
nodules measured in 80 kV is smaller than that in 120 kV
group, with a slight difference of 1.68%. These results,
however, were contrary to what we anticipated. Such
discrepancy may be attributed to the asymmetrical growth
of pulmonary nodules (27,28) and the altered density by
different tissue textures surrounding lung nodules. For
example, the calcified nodules appear to be larger in high
tube voltage than in low tube voltage. Furthermore, the
volume measurement of lung nodules was carried out by
using semi-automated CAD systems, in order to eliminate
inter-observer variability (23,29). Indeed, the two types of
3D volume measurement methods with different algorithms
are able to enhance the diameter measurement of lung
nodules, which, in accordance with the results from other

studies (30,31).
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It is important to note that slight more streak artifacts
appear to be visible in the images acquired with 80 kV than
those with 120 kV. Notably, CT value tends to be a little
higher in the images acquired at 80 kV than 120 kV. Some
of the CT values were negative, particularly in small nodule
groups. Typically, the entire area of a small nodule was
chosen for measurements, instead of targeting the region of
interest (ROI) of a well-defined nodule. Such approach can
be problematic for analyzing small nodules, especially when
a manual measurement is attempted. Although the average
CT value of lung nodules with low density background
can be attenuated by CAD algorithm, the objectivity of
measurements may be adequately maintained with CAD due
to the preservation of selected axial section for maximum
area. On the other hand, the results obtained from the
large nodules further confirmed that the measurements
performed either manually or by CAD are in a good
agreement, implicating the accuracy and reliability of CAD
measurement. Besides, the noises generated from low
voltage scan can be improved with iterative reconstruction
algorithms (20,26). Furthermore, the mean difference of
CT value was 33.96% for CAD measurement and 59.82%
for manual measurement. Indeed, lowering the tube voltage
may result in the increase of CT value for nodules with
diameter of >15 mm, due to the size of nodules, partial
volume effects and edge effects (32).

In the present study, the nodule surrounded by air-filled
tissues can interfere with the accuracy of measurements,
which lead to the deviation of CT value. Thus, these
findings should be interpreted with caution prior to clinical
application. Another limitation of the current study is that
the latest commercial model based IR algorithm (IMR)
was not implemented for imaging analysis, due to its
unavailability. IMR is considered to be superior than both
Filtered Back Projection (FBP) and iDose" in terms of image
noise reduction, contrast-to-noise ratio (CNR) and signal-
to-noise ratio (SNR) at different radiation dose settings (32).
Hence, it is anticipated that IMR technique can minimize
radiation dose while maintaining diagnostic image quality.

Conclusions

In conclusion, our findings strongly suggest that the CT
scan with low voltage allows a safe and accurate assessment
of lung nodules in cancer patients. Low voltage CT
scan coupled with the powerful iterative reconstruction
algorithm analysis represents a novel method for evaluation
of lung nodules with different size or density. Additionally,
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this newly developed method is suitable for patient who
requires prolonged follow-up on chest CT. Automated
Image analysis of lung nodules using two commercial
software systems yielded substantially the same results as
those obtained manually. However, the differences in the
CT value of large nodules and the volume of solid nodules
should be interpreted with caution due to the relatively
small sample size. Therefore, future investigation with a
larger sample size is warranted to determine the possible
causes of the unanticipated or unexpected findings.
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