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Objective: To investigate the value of application of low-dose and optimized length CT scan on puncture results,
complications and patients’ radiation dosage during CT-guided percutaneous biopsy of pulmonary nodules
(PTNB).
Methods: A total of 231 patients with PTNB under CT guidance were collected. Low dose scanning utilized tube
current of 20 mA as compared with 40 mA in conventional dosage. Optimized length in CT is defined as inten-
tionally narrowing the range of CT scanning just to cover 25 mm (5 layers) around the target layer during needle
adjustment. According to whether low-dose scans and optimized length scans techniques were utilized, patients
were divided into three groups: conventional group (conventional sequence þ no optimization), optimized length
group (conventional sequence þ optimized length), and low-dose optimized length group (low dose sequence þ
optimized length). The ED (effective dose), the DLP (dose length product), the average CTDIvol (Volume CT dose
index), total milliampere second between subgroups were compared.
Results: Compared with the conventional group, ED, intraoperative guidance DLP, total milliseconds and opera-
tion time in the optimized length group were reduced by 18.2% (P¼0.01), 37% (P¼0.003), 17.5% (P¼0.013) and
13.3% (P¼0.021) respectively. Compared with the optimized length group, the ED was reduced by 87%, pre-
operative positioning, intraoperative guidance and postoperative review DLP were also reduced by 88%, total
milliampere second was reduced by 79%, with an average CTDIvol was reduced by 86%, in the low-dose opti-
mized length group (P<0.001 for all).
Conclusion: Optimizing the length during CT scanning can effectively reduce the intraoperative radiation dose and
reduce the operation time compared with conventional plan; low-dose and optimized length CT scan can further
reduce the total radiation dose compared with optimized length group with no differences on intraoperative
complications, biopsy results and operation time.
1. Introduction

With the clinical demand for pathological results of lung tumors and
the application of genetic testing, the demand for lung tumor tissue
specimens is increasing.1–4 Among them, CT-guided percutaneous
transthoracic needle biopsy (PTNB) of pulmonary nodules has the ad-
vantages of safety, effectiveness, and convenience and is widely used in
clinical practice.4–6 Reportedly, 97.5% of PTNB procedures are guided by
CT.5 In the PTNB guidelines proposed by a consensus of Chinese experts,
CT has become the primary choice and the most common guidance
modality.7 Though the Chinese Expert Consensus Guidelines do not
mention the maximum allowable radiation dose for patients undergoing
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PTNB under CT guidance, the consensus statement and recommendations
of the Korean Thoracic Radiology Society point out that the radiation
dose of CT-guided PTNB should not exceed 2.7 mSv.8 The typical chest
scanning scheme used in an imaging examination would not comply with
the recommendation of the Korean expert consensus. Therefore, reducing
the radiation dose during CT in PTNB to optimize radiation protection
has become an important field of research.
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Table 1
Comparison of basic information of the three groups of patients.

basic
information

Conventional
group

optimized
length
group

Low-dose
optimized
length group

Con/
Opti

Opti/
Low

P P

Gender(M/
F)

49/25 42/30 50/35 0.326 0.950

Age(year) 58.54 � 12.24 59.18 �
10.97

57.31 �
11.67

0.609 0.245

Weight(kg) 61.77 � 9.88 60.91 �
10.09

59.08 �
10.20

0.507 0.159

Height (cm) 165.31 � 7.48 163.40 �
7.93

162.88 �
8.12

0.154 0.592

BMI (kg/
m2)

22.56 � 3.05 22.77 �
3.08

22.21 � 3.07 0.823 0.172

Table 2
Comparison of the information of the three groups of patients during puncture.

Intraoperative
condition

Conventional
group

optimized
length
group

Low-dose
optimized
length
group

Con/
Opti

Opti/
Low

P P

Biopsy needle
(BARD/BD/
ARGON)

34/32/8 35/27/10 35/26/24 0.729 0.093

Position
(supine/
prone)

34/40 38/34 52/33 0.409 0.289

Lesion location
(right upper/
middle/
lower/left
upper/lower)

19/8/22/10/
15

21/7/13/
13/18

24/5/14/
27/15

0.538 0.320

Lesion size(cm) 3.81 � 2.38 3.19 �
1.41

3.73 �
1.87

0.229 0.094

Puncture depth
(cm)

6.20 � 1.94 6.27 �
1.78

6.04 �
1.75

0.474 0.363

Distance across
lung (cm)

2.05 � 1.98 2.23 �
1.48

1.86 �
1.54

0.196 0.122

Number of
adjustments

2.89 � 1.79 2.72 �
1.53

2.59 �
1.54

0.800 0.467

Number of scans 6.18 � 2.48 5.78 �
1.87

5.53 �
1.74

0.684 0.345

Bleeding
(present vs
absent)

67/7 62/10 71/14 0.404 0.429

Pneumothorax
(present vs
absent)

64/10 57/15 73/12 0.240 0.404

Puncture results
(positive/
suspicious/
negative)

59/6/9 58/3/11 75/1/9 0.554 0.315

Note: A positive in the puncture result indicates a confirmed malignant tumor, a
suspected malignant tumor is not excluded, and a negative result indicates a non-
malignant tumor.
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2. Materials and methods

2.1. General information

A total of 231 patients who underwent PTNB between June 2019 and
July 2020 in the CT1 Department of the Department of Minimally
Invasive Intervention, Cancer Center, Sun Yat-sen University were
retrospectively reviewed. Sun Yat-sen University Cancer Center Hospital
Ethics Committee approved this study. This was a retrospective analysis
of routine data and therefore we requested and were granted a waiver of
individual informed consent from the ethics committee. According to
different scan parameters and the length of optimization of the scan, the
cohort was divided into three subgroups: conventional group (conven-
tional sequence þ no optimization; n ¼ 74 cases), optimized-length
group (conventional sequence þ optimized-length; n ¼ 72 cases), and
low-dose optimized-length group (low-dose sequence þ optimized-
length; n ¼ 85 cases). The baseline information for each patient was
recorded. The CT-guided PTNB procedure was divided into the following
three stages from the time of needle insertion to the time of needle
retraction: preoperative localization, intraoperative guidance, and post-
operative review.
2.2. Definition of scanning techniques

All PTNBs of the three groups of patients were performed using the
Siemens SOMATOM Definition AS CT scanner. Written informed consent
was obtained from all patients. The scanning pitch for all three groups
was 1.2, the scanning layer thickness and layer spacing were 5 mm, and
automatic tube current modulation (CARE Dose 4D) and automatic tube
voltage selection (CARE kV) were adopted for all groups.

Conventional CT scanning is performed using a reference tube voltage
of 120 kV, a reference tube current of 140 mA, and standard image
reconstruction. In contrast, a low-dose optimized CT scan refers to CT
scanning performed using a reference tube voltage of 120 kV and a
reference tube current of 20 mA, with low-contrast image reconstruction.

The conventional length of CT scanning refers to scanning covering
more than 30 mm (6 layers) around the layer of the designated puncture
route during the procedure. Length optimization is defined as narrowing
the range of CT scanning to cover 25 mm (five layers) around the target
layer. In both the optimized-length group and low-dose optimized-length
group, the optimal length plan was used for intraoperative guidance.
2.3. Radiation dose parameters and definitions

Volume CT dose index (CTDIvol): The CT dose index represents the
dosage output of a single layer of radiation along the z-axis. Usually, a CT
scan consists of many layers. Owing to the diffusivity of X-rays, the actual
dose area covered in a single-slice scan will have a “tail area” at the edge
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of the layer in the z-axis. As the multi-layer scan has a dose superposition
in the “tail area,” scientists put forward the concept of CTDIvol (mea-
surement unit for both indices: mGy).

Dose-length product (DLP): DLP, measured in mGy*cm, is a measure
of CT tube radiation output/exposure. It is related to CTDIvol, but CTDIvol
represents the dose through a slice of an appropriate phantom, whereas
DLP accounts for the length of the radiation output along the z-axis (the
long axis of the patient). DLP ¼ (CTDIvol) � (scan length in cm) [units:
mGy � cm].

Effective dose (ED): The effective dose represents the average radia-
tion dose received by the whole body, as it considers the non-uniformity
of the radiation dose received by different parts of the body. It is obtained
based on the weighting factor (K) for different parts of the body. Ac-
cording to the European CT quality standard guidelines, K of the chest
has an average value of 0.014 mSv/mGy � cm. ED ¼ DLP � K [units:
mSv].

Milliampere-second (mAs): The mAs represents the number of X-rays.
An increase in mAs indicates an increase in the number of X-ray photons
reaching the detector.
2.4. Baseline information and intraoperative parameters

The baseline information collected for each patient included sex, age,
weight, height, body mass index (BMI), and intraoperative position. An
interventional doctor and a CT technician jointly analyzed and recorded
the intraoperative parameters, including the location and size of the
puncture lesion, puncture depth, distance across the lung, number of
adjustments, number of scans, bleeding, pneumothorax, and puncture



Fig. 1. A and C are pictures during CT guidance before and after puncture in the optimized length group, B and D are during CT guidance before and after puncture in
the low-dose optimization length group. Both groups of pictures can clearly show the puncture needle and the lesion. The relationship of normal lung structure can also
be clearly shown for postoperative review for identification of potential complications, such as needle bleeding.
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results.

2.5. Statistical analysis

Statistical analyses were performed using SPSS Statistics 23.0. The
clinicopathological characteristics of the three groups were compared
using the Mann–Whitney U test (continuous variables) or chi-square test
(categorical variables). The CT parameters of the three groups were
compared using an independent-samples t-test. Univariate and multi-
variate analyses were performed using logistic regression analyses. All
variables with p < 0.05 in the univariate analysis were subsequently
included in the multivariable logistic regression model. Statistical sig-
nificance was set at p < 0.05.

3. Results

3.1. General assessment

A total of 231 patients were enrolled: 141 men and 90 women, aged
18–85 years, with a median age of 59 years. The sex, age, weight, height,
and BMI characteristics of the three groups of patients were added up
separately for each group. There were no significant differences between
the three groups (p > 0.05) (Table 1).
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3.2. Comparison of intraoperative parameters between groups

The intraoperative parameters of the three groups included the pa-
tient's position, location of lesion and its diameter, puncture depth, dis-
tance across lung, number of needle adjustments, number of scans,
bleeding, pneumothorax, and puncture results. There were no significant
differences between the three groups (p > 0.05) (Table 2). The quality of
CT images of the three groups met the need for puncture operations
(Fig. 1, Fig. 2).
3.3. Radiation dose

The DLP distributions of the three groups during preoperative posi-
tioning, intraoperative guidance, and postoperative review are shown in
Fig. 3. On comparison of the optimized-length group with the conven-
tional group, we found that the intraoperative guidance DLP of the
optimized-length group was reduced by 37% (p ¼ 0.003); the ED and
total mAs of the optimized-length group were reduced by 18.2% (p ¼
0.01) and 17.5% (p ¼ 0.013), respectively; and the operation time was
reduced by 13.3% (p ¼ 0.021). The differences between the other items
were not significant (p > 0.05).

On comparison of the low-dose optimized-length group with the
optimized-length group, we found no significant difference in the



Fig. 2. A-D showed that the quality of CT pictures in low-dose optimization length group meet the demand of biopsy for lung lesions in different lobes and patients in
different position.
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operation time (p > 0.05); however, in the low-dose optimized-length
group, the patient's total mAs was reduced by 79%; CTDIvol by 86% on
average; ED by 87%; and preoperative positioning, intraoperative guid-
ance, and postoperative review DLPs by 88% (p < 0.001) (Table 3).

3.4. Factors affecting radiation dose

The ED results of 85 patients in the low-dose optimized-length group
were divided into high and low groups based on the average value. Their
baseline information and intraoperative parameters were analyzed using
single factor analysis. The single factor analysis results for significant
factors—weight, BMI, puncture depth, number of needle adjustments,
pneumothorax, and total scan length—were subjected to a multivariate
binary logistic regression analysis. Multivariate analysis showed that BMI
and total scan length were independent factors affecting the radiation
dose (Table 4).

To analyze the factors that affect the scan range of patients in the low-
dose optimized-length group, we divided the overall scan lengths during
single procedure sessions of all patients in the low-dose optimized-length
group into two groups based on themean value. The single factor analysis
results for significant factors, including lesion diameter, puncture depth,
distance across lung, bleeding, and pneumothorax, were subjected to a
multivariate binary logistic regression analysis. Multivariate analysis
showed that distance across the lung, bleeding, and pneumothorax were
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independent factors affecting overall scan lengths during a single pro-
cedure session (Table 5).

4. Discussion

Low-dose scanning is widely used during chest imaging examinations.
Though the overall image quality is poor owing to the high natural
contrast of the lungs, low-dose scanning does not affect the display of
lung lesions and surrounding vicinity structures.9–12 As most patients
who undergo PTNB also have preoperative imaging data, this informa-
tion is commonly sufficient for doctors to perform PTNB. Many re-
searchers, who studied the use of the low-dose scanning scheme in PTNB,
found that the most common method followed in clinical practice was to
change the electrical parameters of the CT, such as reducing the tube
current from 60 to 10 mAs or reducing the tube voltage from 120 to 100
kV.13–15 This study not only investigated the impact of low-dose scans on
the radiation dose received by patients undergoing PTNB but also eval-
uated the impact of optimizing the scan length on the radiation dose
received. The radiation dose received by PTNB patients was optimized by
combining these two techniques to optimize patient radiation protection.

Apart from the impact related to the settings of the electrical pa-
rameters applied during CT, the length of the CT scan also has an impact
on the radiation dose received by the patient.15–17 The results of the
optimized-length group, whose scan length was optimized during the



Fig. 3. Comparison of the distribution of DLP among the three groups in terms of preoperative positioning, intraoperative guidance and postoperative review.

Table 3
Comparison of radiation dose and operation time among the three groups.

Dose parameters Conventional group optimized length group Low-dose optimized length group Con/ Opti Opti/Low

P P

positioning DLP(mGy⋅cm) 312.4 � 143.9 287.5 � 130.1 33.87 � 11.99 0.274 <0.001
guided DLP(mGy⋅cm) 294.3 � 259.4 185.3 � 157.4 21.34 � 15.10 0.003 <0.001
review DLP(mGy⋅cm) 241.7 � 197.2 220.2 � 141.3 27.10 � 14.55 0.451 <0.001
Total mAs 6211 � 3043 5122 � 2111 1070.6 � 306.7 0.013 <0.001
Average CTDIvol(mGy) 9.79 � 3.75 9.44 � 3.04 1.33 � 0.38 0.531 <0.001
ED(mSv) 11.95 � 5.86 9.77 � 4.07 1.23 � 0.41 0.010 <0.001
Operation duration(min) 25.85 � 8.95 22.40 � 7.45 21.42 � 7.91 0.021 0.214

Table 4
binary logistic regression analysis of influencing factors of radiation dose in low
dose optimized length group.

Variable
parameter

Standard
error

Wald P Exp(B) 95% CI of
EXP(B)

Lower Upper

Univariate
analysis

Weight(kg) 0.029 11.451 0.001 1.103 1.042 1.167
BMI (kg/m2) 0.093 11.076 0.001 1.365 1.136 1.639
Puncture depth
(cm)

0.154 10.507 0.001 1.647 1.218 2.226

Number of
needle
adjustment

0.179 10.769 0.001 1.802 1.268 2.561

Pneumothorax
(present vs
absent)

0.812 7.346 0.007 9.038 1.840 44.41

Total scan
length(cm)

0.023 18.023 <0.001 1.104 1.054 1.155

multi-factor
analysis

BMI (kg/m2) 0.184 13.647 <0.001 1.973 1.376 2.829
Total scan
length(cm)

0.045 16.346 <0.001 1.199 1.098 1.309
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intraoperatively guided needle insertion stage, demonstrated a reduced
effective radiation dose (p < 0.05). Not only was the scan length opti-
mized in the low-dose optimized-length group but ultra-low tube current
(reference value 20 mA) was also applied combined with automatic tube
current and tube voltage technology to ensure image quality, thereby
significantly reducing the effective radiation dose when compared with
the other two groups.

Several factors affect the radiation dose received by the patient during
CT-guided PTNB. It has been pointed out in a previously published
report18 that the patient's body weight and the size of the lesion have an
impact on the radiation dose in CT-guided percutaneous liver biopsy. The
influence of body weight on radiation dose is mainly manifested in the
automatic adjustment of CT scanning parameters. At present, the tech-
niques of automatic tube current and tube voltage in CT scanning are
very mature19 and can automatically adjust corresponding parameters
based on the size and density of the scanned body. The results of the
independent factors affecting the total radiation dose in our study were in
line with those of previous studies.

In summary, the optimized-length scan can effectively reduce the DLP
produced during PTNB and thereby reduce the effective radiation dose
received by the patient. When combined with low-dose scanning, the
effective radiation dose received by the patient can be further reduced,
with no increase in intraoperative complications and no changes in



Table 5
Single factor binary logistic regression analysis of the total scan length of the low-dose optimization group.

Variable parameter Standard error Wald P Exp(B) 95% CI of EXP(B)

Lower Upper

Univariate analysis
Lesion diameter (cm) 0.164 9.961 0.002 0.596 0.433 0.822
Puncture depth (cm) 0.150 9.260 0.002 1.578 1.176 2.116
Distance across lung (cm) 0.216 14.241 <0.001 2.255 1.478 3.441
Bleeding (present vs absent) 0.698 7.977 0.005 7.181 1.828 28.202
Pneumothorax (present vs absent) 1.074 8.398 0.004 22.458 2.738 184.235
multi-factor analysis
Distance across lung (cm) 0.228 7.282 0.007 1.852 1.184 2.899
Bleeding (present vs absent) 0.765 8.086 0.004 8.810 1.966 39.475
Pneumothorax (present vs absent) 1.116 9.155 0.002 29.250 3.284 260.513
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puncture results. Therefore, the low-dose scanning scheme combined
with the optimized-length scanning scheme is worthy of promotion in
CT-guided PTNB.
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