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Background: Computed tomography (CT) is currently the imaging modality of choice for guiding
pulmonary percutaneous procedures. The use of a tin filter allows low-energy photons to be absorbed which
contribute little to image quality but increases the radiation dose that a patient receives. Iterative metal
artefact reduction (iMAR) was developed to diminish metal artefacts. This study investigated the impact of
using tin filtration combined with an iMAR algorithm on dose reduction and image quality in CT-guided
lung biopsy.

Methods: Ninety-nine consecutive patients undergoing CT-guided lung biopsy were randomly assigned to
routine-dose CT protocols (groups A and B; without and with iMAR, respectively) or tin filter CT protocols
(groups C and Dj; without or with iMAR, respectively). Subjective image quality was analysed using a 5-point
Likert scale. Objective image quality was assessed, and the noise, contrast-to-noise ratio, and figure of merit
were compared among the four groups. Metal artefacts were quantified using CT number reduction and
metal diameter blurring. The radiation doses, diagnostic performance, and complication rates were also
estimated.

Results: The subjective image quality of the two scan types was compared. Images with iMAR
reconstruction were superior to those without iMAR reconstruction (group A: 3.49+0.65 vs. group B:
4.63+0.57; P<0.001, and group C: 3.88+0.66 vs. group D: 4.82+0.39; P<0.001). Images taken with a tin filter
were found to have a significantly higher figure-of-merit than those taken without a tin filter (group A:
14,041+7,230 vs. group C: 21,866x10,656; P=0.001, and group B: 13,836+6,849 vs. group D: 21,639+9,964;
P=0.001). In terms of metal artefact reduction, tin filtration combined with iMAR showed the lowest CT
number reduction (116.62+103.48 HU) and metal diameter blurring (0.85+0.30) among the protocols. The
effective radiation dose in the tin filter groups was 73.2% lower than that in the routine-dose groups. The
complication rate and diagnostic performance (sensitivity, specificity, and overall accuracy) did not differ
significantly between the tin filter and routine-dose groups (all P>0.05).
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Conclusions: Tin filtration combined with an iMAR algorithm may reduce the radiation dose compared

to the routine-dose CT protocol, while maintaining comparable diagnostic accuracy and image quality and

producing fewer metal artefacts.
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Introduction

Lung cancer has been responsible for more deaths in the
21% century than any other malignancy and has a high
incidence rate (1). Collecting histological samples is crucial
for pulmonary lesion diagnosis and therapy planning.
Owing to its high spatial and inherent contrast resolutions
of the lung parenchyma, computed tomography (CT)
is currently the imaging modality of choice for guiding
pulmonary percutaneous procedures (2). However, an
increase in the cumulative effective radiation dose may
significantly increase the risk of cancer, and metal artefacts
can dramatically obscure critical structures.

Unlike a standard CT protocol, CT-guided biopsy
requires repeated CT scans to localise the lesion, adjust the
needle tip, and review any biopsy-associated complications,
resulting in a significantly higher radiation dose than a
standard CT protocol. Based on the “as low as reasonably
achievable” (ALARA) principle, patients should receive the
lowest possible radiation dose in clinical procedures (3).
Various methods to minimise the exposure dose have been
adopted, including lowering the tube potential and/or
current, using automated exposure control, using selective
in-plane shielding, and using iterative image reconstruction
(4-8). However, lowering the tube potential may reduce ray
penetration and cause more metal artefacts, resulting in a
reduced signal-to-noise rate and lower image quality.

The development of CT hardware and software has
led to new clinical-use CT equipment with built-in tin
filters for spectral shaping. When placed in front of the
X-ray tube, the tin filter absorbs low-energy photons that
contribute little to image quality and increase the radiation
dose received by the patient (9). Previous studies on
third-generation dual-source CT with tin filtration have
evidenced that non-contrast chest CT can achieve high
image quality and a good view of anatomical structures
while decreasing the radiation dose by exploiting the
naturally high contrast of the lung (10,11).
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Metal artefacts include photon starvation artefacts and
beam hardening artefacts. Photon starvation artefacts
are caused by strong absorption and insufficient photon
transmission, whereas beam hardening artefacts result from
the additional absorption of low-energy photons. Using a
tin filter to reduce metal artefacts excludes the low-energy
photons that are primarily responsible for beam hardening
and photon starvation. This can improve the effective energy
and lead to a substantial decrease in artefact severity (12).
Recently, a new dedicated metal artefact reduction post-
processing algorithm—iterative metal artefact reduction
(iMAR)—was developed to further reduce metal artefacts,
thus improving the visualisation of the biopsy target.
iMAR is an efficient technique that can be used in many
situations, including for patients with hip prostheses (13),
spinal instrumentation (14), and CT-guided microwave
ablation (15).

Theoretically, radiation doses and metal artefacts can
be reduced using tin filtration combined with an iMAR
algorithm. iMAR can be adapted and applied to the data
acquired using tin filtration in the biopsy procedure. We
hypothesised that tin filtration combined with an iMAR
algorithm may reduce the radiation dose and increase the
image quality while maintaining good overall diagnostic
accuracy. Therefore, this study aimed to investigate the
impact of using tin filtration combined with an iMAR
algorithm on radiation dose reduction, image quality, and
biopsy outcomes in patients undergoing CT-guided biopsy
procedures.

The following article is presented in accordance with
the STARD reporting checklist (available at https://dx.doi.
org/10.21037/qims-21-555).

Methods
Study population

Between April 2019 and July 2020, all consecutive patients

Quant Imaging Med Surg 2022;12(2):1359-1371 | https://dx.doi.org/10.21037/qims-21-555


https://dx.doi.org/10.21037/qims-21-555
https://dx.doi.org/10.21037/qims-21-555

Quantitative Imaging in Medicine and Surgery, Vol 12, No 2 February 2022 1361

2019.4-2020.7 all constructive patients with potential lung
malignancies referred to our department for lung biopsy were
initially enrolled (n=106)

Exclusion (n=7)
(@) Previously biopsied lesions; (n=3)

(b) Patients with serious diseases and can’t
tolerate the biopsy procedures; (n=4)

Study population (n=99)

Tin-filter protocol (n=50)

Routine dose protocol (n=49)

Reconstruction Reconstruction
without IMAR with iIMAR
(n=50) (n=50)

Reconstruction Reconstruction
without iIMAR with iIMAR
(n=49) (n=49)

Figure 1 Flowchart for the enrolment of study participants. SAFIRE, sinogram-affirmed iterative reconstruction; iMAR, iterative metal

artefact reduction.

Table 1 Acquisition parameters

Parameters Routine-dose Tin filter
protocol protocol
kv 130 Sn130
Ref mAs 56 mAs 56 mAs
Rotation time (s) 0.5 0.5
Increment collimation (mm) 16x0.75 16x0.75
Pitch 1.5 1.5
Section thickness (mm) 15 15
Increment (mm) 1.2 1.2
Field of view (mm?) 400x400 400x400
Matrix 512x512 512x512

with potential lung malignancies who were referred to
Radiology department in Chongqing University Cancer
Hospital for lung biopsy were prospectively selected for
the study. Initially, 106 patients were found to be eligible.
The study exclusion criteria were as follows: (I) patients
with previously biopsied lesions (n=3), and (II) patients
with serious diseases of the heart, lungs, or kidneys, or
coagulation disorders (n=4). After the initial screening,
99 patients were enrolled in our study and were randomly
assigned to either a tin filter protocol or a routine-dose
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protocol (Figure I). No biopsy had to be repeated in any of
the patients.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the ethics committee of Chongqing University
Cancer Hospital (approval No. CZLS2021182-A), and all
the participants provided written informed consent after
receiving a detailed explanation of the procedure.

CT acquisition

A common clinical-use CT scanner (SOMATOM go.Up,
Siemens Healthcare, Erlangen, Germany) was employed in
this study. The scan parameters for the tin filter protocol were
as follows: tube voltage = Sn130 kV, tube current =56 mA/s,
increment collimation = 16x 0.75 mm, pitch =1.5, rotation
time =0.5 s. The scan parameters for the routine-dose
protocol were as follows: tube voltage =130 kV, tube current
=56 mA/s, increment collimation = 16x 0.75 mm, pitch
=1.5, rotation time =0.5 s (Table I).

Image reconstruction

The images were reconstructed using sinogram-affirmed
iterative reconstruction (SAFIRE) with and without iMAR
for each scan during the biopsy procedure. Additionally, all
the images were reconstructed using SAFIRE at a strength
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Figure 2 CT-guided biopsy of small pulmonary nodules near the diaphragm. Images were reconstructed without (A,C) and with (B,D)

iMAR. The needle tip entered the diaphragm in the wrong direction initially (A,B), and then the needle was inserted into the target lesion

after several adjustments (C,D). The needle tip is visualised more precisely on images with iMAR (B,D) than that without iMAR (A,C).

The mean CT attenuation values (HU) and image noise (standard deviation (SD) of measured HU values) were determined using equal

(1.0 cm’) similar ROIs for all patients, placed within the thoracic aorta and air space outside of the anterior chest wall (E). iMAR, iterative

metal artefact reduction.

level of 3, with a slice thickness of 1.5 mm and an increment
of 1.2 mm. Reconstructions using a dedicated soft-tissue
convolution kernel (Br40) and a lung convolution kernel
(B60) were generated. The reconstructed field of view was
400 mm x 400 mm, and the image matrix was 512x512
pixels. The reconstruction orientation was axial with an
identical field of view (Table 1).

Four image types were generated. Images obtained
using the routine-dose protocol and reconstructed
without and with iMAR were assigned to groups A and B,
respectively. Images obtained using the tin filter protocol
and reconstructed without and with iMAR were assigned to
groups C and D, respectively.

CT-guided biopsy procedures

Depending on the location of the lesions, the patient was

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

placed in the supine, prone, or lateral decubitus position.
Needle pathways were selected based on a pre-procedural
CT scan to avoid any necrotic regions. The scan area was
limited to the lesion area, and the free-breathing mode was
employed to decrease the psychological burden on patients.
After each needle adjustment step, the needle position was
determined by scanning the lesion area using the pre-set CT
scan protocols (Figure 2). Once the tip of the needle entered
the lesion, samples were obtained. To assess post-procedural
complications, after the removal of the needle, one final
post-biopsy scan of the whole lung was obtained from each
patient using routine-dose parameters. The sample was then
sent to the pathology department immediately.

All the biopsies were performed using an 18-gauge
automatic cutting needle, with an inner stylet surrounded
by a 17-gauge outer needle (Bard Magnum, Bard Medical,
NJ, USA). During the biopsy procedure, the outer needle
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Figure 3 Four types of images acquired from two patients (A-D), and the illustration of how CT number reduction (CTNR) and metal
diameter blurring (MDB) were measured (E,F). (A,B) Axial images of routine-dose CT (tube voltage = 130 kV; CTDIvol =6.01 mGy; DLP
=74 mGy-cm; ED =1.04 mSv) of a 72-year-old man with a pulmonary nodule in the right lower lobe. (C,D) Axial images of tin filter CT
(tube voltage = Sn130 kV; CTDIvol =2.86 mGy; DLP =35 mGy-cm; ED =0.49 mSv) of a 62-year-old man with a pulmonary nodule in the
left lower lobe. (A) Routine-dose CT scan without iMAR with a subjective image score of 3; (B) routine-dose CT scan with iMAR with a
subjective image score of 4; (C) low-dose CT scan without iMAR with a subjective image rate of 4; (D) low-dose CT scan with iMAR, with
a subjective image score of 5. The image quality with iMAR was superior to that without iMAR. The image quality was comparable between
both protocols despite a substantial dose reduction using spectral shaping. The mean CT attenuation values over the ROI was measured

using the pre-procedural CT scan (F) and scan that included metal (E). The width of the needle profile was measured at the cross-section (E).

CTDlvol, CT dose index; DLP, dose length product; ED, effective dose; iMAR, iterative metal artefact reduction.

was used for lesion localisation and the stylet for sample
collection; the outer needle was advanced using a trigger.

Subjective image quality evaluation

As differences in work arrangements and operators may
lead to variation in the assessment of subjective image
quality, the image quality evaluation in this study was
carried out by two chest radiologists (with 3 and 5 years of
experience, respectively), rather than by the intervention
operators. The two radiologists were blinded to the study
participants’ clinical information and performed the image
quality evaluation independently. The overall image quality,
including the visual region of interest (ROI) in the target
lesion and the sharpness of the vessels in the proposed needle
pathway, was assessed. The overall image quality was graded

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

using a 5-point scoring system: 1 = unacceptable (poor
definition of lesion and access), 2 = poor (borderline adequate
lesion visualisation but inadequate visualisation of safe access,
needle tip, or target area), 3 = adequate (adequate definition
of lesion, access, and needle tip; slight impact of image noise),
4 = good (good visualisation of lesion, access, and needle tip;
minimal image noise), and 5 = excellent (excellent definition
of lesion, access, and needle tip). Scans with a quality score of
3-5 were considered to be acceptable (Figure 34-3D).

Objective image quality evaluation

All values were measured on the soft-tissue convolution
kernel (Br40) image. CT values (HU) and image noise
[standard deviation (SD) of measured HU values] were
determined on the reconstructed 1.5-mm axial CT images
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using similar (1.0 em’) ROIs within the thoracic aorta and
the air space outside the anterior chest wall for all patients
(Figure 2E). Each ROI was placed in an identical or almost
identical segment by two operators (with 5 and 3 years
of experience in CT imaging, respectively). Contrast in
chest CT mainly exists due to the difference in attenuation
between the pulmonary vasculature, the surrounding
parenchyma, and air. As lung tissue could not be obtained
from the same area in different patients due to the limitation
of scanning range and individual heterogeneity, image
noise was considered as the SD of CT attenuation and was
measured within the air space outside the anterior chest
wall. Finally, the contrast-to-noise ratio (CNR) and figure-
of-merit (FOM) were calculated for each image dataset
using the equations below. The FOM is a metric used to
compare the dose efficiency of two scanning protocols.

CNR - mean CT value( thoracic aorta ) - mean CT value (air)
SD(air)

(1]
FOM = & 2]
Effective Dose

Metal artefact evaluation

Metal artefacts were quantified using CT number reduction
(CTNR) and metal diameter blurring (MDB) at the soft
tissue window. The mean CT number of lesions was
obtained using a 10-mm-diameter ROI at the lesions with
the most obvious streak artefacts. The mean CT number
over the ROI was measured using the pre-procedural CT
scan (no metal) and a second scan that included metal (Figure
3E,3F). The CTNR was then calculated for each metal scan
using the following equation: CTNR = HU (metal-image) —
HU (baseline image). The outer needle was evaluated. The
metal diameter accuracy was calculated from the image data
by measuring the width of the needle profile at the cross-
sections (Figure 3E) and comparing it to the true outer
diameter of the actual needle (16,17) using the following
equation: MDB = (Width (image)-Width (true)/Width
(true)). Lower values for CTNR and MDB indicate fewer
artefacts and higher image quality.

Radiation dose

The volume CT dose index (CTDIvol) and dose length
product (DLP) for each scan were obtained from the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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patient dose reports. The effective dose (ED) was
calculated by multiplying the DLP by the conversion factor
(0.014 mSv/mGy-cm).

Diagnostic performance and complication rates

Clinical data, including the pathological biopsy diagnosis,
were obtained from the hospital information system.
Biopsy diagnoses were assigned to one of four categories:
malignancies, suspected malignancies, specific benign
lesions, or non-specific benign lesions. The final diagnoses
for suspected malignancy or non-specific benign lesions
were established based on surgical or follow-up results, and
information related to the biopsy procedure was recorded
by technicians. The parameters are listed in 7Table 2.

Statistical analysis

Statistical analysis was performed using SPSS 22.0 (IBM
Corp., Armonk, NY, USA), with the significance level set at
0.05. Data were displayed as the mean = SD and tested for
normal distribution using the Shapiro—Wilk test. The noise
was normally distributed, so Student’s 7-test and analysis of
variance were employed. The CNR, FOM, CTNR, MDB,
CTDlIvol, and DLP data were not normally distributed, so
the Mann-Whitney U test and Kruskal-Wallis test were
employed. Categorical data were computed using Pearson’s
chi-square test and Fisher’s exact test.

Interobserver agreement for subjective image quality and
retest reliability for quantitative analysis were assessed using
the weighted kappa (k) and interclass correlation coefficient

(ICC).

Results
Baseline characteristics

The characteristics of the patients and procedures are
summarised in Table 2. No significant differences were
found between the tin filter and routine-dose groups in
terms of mean age (60.62+9.68 vs. 63.92+8.84, P=0.080),
sex distribution (P=0.592), or body mass index (BMI)
(22.98+4.40 vs. 23.46+3.06, P=0.532). The mean lesion
size was 4.44 and 3.76 cm in the tin filter and routine-dose
groups, respectively (P=0.179). The lesion location, pleural-
to-lesion depth, and patient position during biopsy did not
differ significantly between the tin filter groups and the
routine-dose groups (all P>0.05).
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Variables Tin filter group (n=50)  Routine-dose group (n=49) P value
Male/female 29/21 31/18 0.592
Age (years) 60.62+9.68 63.92+8.84 0.080
Smoking history (yes/no) 30/20 26/23 0.486
BMI (kg/m?) 22.98+4.40 23.46+3.06 0.532
Lesion location

Lung (left/right) 26/24 28/21 0.607

Lobe (upper/non-upper) 31/19 29/20 0.774
Patient position 0.338

Supine 22 15

Prone 18 24

Decubitus 10 10
Lesion size (cm) 4.44+3.06 3.76+1.77 0.179
Lesion-to-pleural surface distance (mm) 14.50+14.81 18.64+14.96 0.169
Biopsy procedure duration 24.04+7.08 26.29+4.55 0.064
Number of scans 6 [4-7] 7 [5-8] 0.062
Complications

Pneumothorax 13 12 0.863

Haemoptysis 8 9 0.775
Technical success rate (%) 100 100
Biopsy pathological diagnosis

Malignancy 36 40

Suspected malignancy 1 0

Specific benign 7 0

Non-specific benign 6 9
Final diagnosis

Malignancy 37 42

Benign 9 2

Non-diagnostic lesion 4 5
Diagnostic performance

Sensitivity 37/37 (100%) 40/42 (95.24%) 0.496

Specificity 9/9 (100%) 2/2 (100%) 1

Overall accuracy 46/46 (100%) 42/44 (95.45%) 0.236

BMI, body mass index.
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Table 3 Subjective and objective image quality and metal artefact evaluation

Routine-dose protocol Tin filter protocol P
Parameters i i ith i i i ith i
W'(tg:(’)‘:tr;'\:f'q Vé;tr';;'rg'; W'(t:r‘(’)fp"\é;m V(\Q:EJ';M;'; Al (Avs.B) (Cvs.D) (Avs.C) (Bvs.D)

Subjective image quality

Rates 3.49+0.65 4.63+0.57 3.88+0.66 4.82+0.39 <0.001 <0.001 <0.001 0.03 0.188
Objective image quality

Noise (HU) 10.41+1.90 10.43+1.86 16.62+3.12 16.66+3.11 <0.001  0.569 0.533  <0.001 <0.001

CNR 103.49+20.88 102.99+19.43 64.82+12.87 64.58+12.37 <0.001 0.391 0.425 <0.001  <0.001

FOM 14,041+£7,230 13,836+6,849  21,866+10,656 21,639+9,964 <0.001  0.263 0.416 0.001 0.001

CTNR (HU) 246.51+155.59 147.55+125.81  158.10+94.32 116.62+103.48 0.001  <0.001 0.001 0.017 0.558

MDB 3.97+2.17 1.25+0.47 2.26+1.25 0.85+0.30 <0.001 <0.001 <0.001  0.004 0.014

Group A: routine-dose without iIMAR; Group B: routine-dose with iIMAR; Group C: tin filter without iIMAR; Group D: tin filter with iIMAR;
CNR, contrast-to-noise ratio; FOM, figure-of-merit; CTNR, CT number reduction; MDB, metal diameter blurring.

Table 4 Retest reliability interobserver agreement for subjective evaluation, CTNR and MDB

Group CTNR MDB Rates
Group A 0.898 (0.83-0.94) 0.910 (0.85-0.95) 0.893°
Group B 0.852 (0.75-0.91) 0.867 (0.78-0.92) 0.874°
Group C 0.853 (0.76-0.91) 0.917 (0.86-0.95) 0.927°
Group D 0.880 (0.80-0.93) 0.912 (0.85-0.95) 0.935%

Group A: routine-dose without iIMAR; Group B: routine-dose with iIMAR; Group C: tin filter without iIMAR; Group D: tin filter with iIMAR.
The retest reliability for CTNR and MDB was assessed using the interclass correlation coefficient (ICC). ®, interobserver agreement for the
qualitative image quality among the three readers was assessed using the weighted kappa (k). CTNR, CT number reduction; MDB, metal

diameter blurring.

Subjective image quality evaluation

The qualitative image quality assessment scores given by
both readers were significantly higher for the tin filter
groups than for the routine-dose groups (group A vs. group
C, P=0.03; group B vs. group D, P=0.188; Table 3). These
scores showed excellent interobserver agreement (x=0.87-
0.94 for each group; Table 4).

"The scores for images with iMAR were higher than those
without iMAR (group A vs. group B, or group C vs. group D,
adjusted P<0.01), which suggested that the qualitative image
quality of CT with iMAR was superior to that without
iIMAR (Figures 2,3).

Objective image quality evaluation

The objective image quality results are summarised in

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

Table 3 and visualised in Figure 4. In the dose-related image
analysis, the mean image noise in the tin filter groups was
higher than that in the routine-dose groups (group A vs.
group C, and group B vs. group D, all P<0.05). The mean
CNR in the tin filter groups was lower than that in the
routine-dose groups, while the mean FOM was higher in
the tin filter groups than in the routine-dose groups (group
A vs. group C, or group B vs. group D; all P<0.05).

Metal artefact evaluation

The metal diameter blurring (MDB) values in the tin
filter groups with and without iMAR were 0.85 and 2.26,
respectively (P<0.01, Table 3 and Figure 4), with a true
needle width of 1.4 mm; for the routine-dose groups, the
metal diameter blurring (MDB) values were 1.25 and 3.97
with and without iMAR, respectively (P<0.01). The CT
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Figure 4 Comparison of quantitative image analyses (noise, CNR, FOM, CTNR, and MDB) among the four groups. The tin filter group
with iMAR achieved a significant reduction in metal artefacts (lowest CTNR and MDB) and a higher dose efficiency (highest FOM). CNR,
contrast-to-noise ratio; FOM, figure-of-merit; CTNR, CT number reduction; MDB, metal diameter blurring.

Table 5 Dose comparison between the tin filter and routine-dose groups per scan

Parameters Routine-dose protocol Tin filter protocol P

CTDlvol (mGy) 5.56+1.86 1.47+0.50 <0.001
DLP (mGy-cm) 67.99+32.11 16.32+7.75 <0.001
Estimated ED (mSv) 0.95+0.45 0.23+0.11 <0.001
Effective mAs 51.84+17.37 50.44+16.26 0.680

CTDlvol, CT dose index; DLP, dose length product; ED, effective dose.

number reduction (CTNR) values in the tin filter group
with and without iMAR were 116.62 and 158.10 HU,
respectively (P<0.01); for the routine-dose groups, the
CTNR values were 147.55 and 246.51 HU with and
without iMAR, respectively (P<0.01). In images without
iMAR reconstruction, the tin filter group was slightly
superior to the routine-dose group (P=0.017). The ICC
for the CTNR and MDB in all groups showed excellent
agreement (1able 4).

Radiation dose

Compared with the routine-dose groups, the tin filter
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groups had a significantly lower CTDIvol (1.47+0.50 vs.
5.56x1.86; P<0.001), DLP (16.32+7.75 vs. 67.99+32.11;
P<0.001), and ED (0.230.11 vs. 0.95+0.45; P<0.001; Table
5). However, no statistically significant difference was found
in the effective milliampere-seconds (mAs) between the
groups (P=0.680).

The radiation ED in the tin filter groups was 73% lower
than that in the routine-dose groups, and all the dose-
related parameters were obtained for each scan.

Diagnostic performance and complication rates

A 100% technical success rate was achieved in all groups

Quant Imaging Med Surg 2022;12(2):1359-1371 | https://dx.doi.org/10.21037/qims-21-555



1368

(Table 2), with each patient undergoing a biopsy for a
single target lesion. The tin filter and routine-dose biopsy
procedures had an average duration of 24.04+7.08 and
26.29+4.55 min, respectively (P=0.064).

Pneumothorax developed in 26.0% and 24.5%
of patients in the tin filter and routine-dose groups,
respectively (P=0.863; Table 2). Haemoptysis developed in
16.0% and 18.4% of patients in the tin filter and routine-
dose groups, respectively (P=0.775; Table 2).

Patients with non-diagnostic lesions were not included
in the calculation of diagnostic performance. In the tin
filter groups, the sensitivity, specificity, and accuracy for
the diagnosis of malignancy were all 100% (37/37, 9/9,
and 46/46, respectively); in the routine-dose groups, these
values were 95.24% (40/42), 100% (2/2), and 95.45%
(42/44), respectively. The overall diagnostic sensitivity,
specificity, and accuracy for pulmonary lesions did not differ
significantly between the groups (P=0.496, 1.0, and 0.236,
respectively; Tuble 2).

Discussion

Lung biopsies are primarily performed to differentiate
between benign and malignant lung lesions. In patients
with malignant lung lesions, they allow for a more definitive
pathological diagnosis and assessment of specific molecular
markers (18). In this study, we discussed a method that uses
tin filtration combined with an iMAR algorithm to reduce
the radiation dose and metal artefacts during CT-guided
lung biopsy. Both subjective and objective assessments
of image quality demonstrated that a tin filter combined
with iMAR improved diagnostic confidence and provided
better radiation dose efficiency than the routine-dose CT
protocol.

During a CT-guided biopsy, iMAR reconstruction
can improve the display of lesions when metal artefacts
significantly limit their visibility (15). Our results indicated
that images obtained with the iMAR algorithm showed a
significant decrease in the degree of artefacts compared
to images without iMAR. The overall image quality was
significantly improved with the iMAR algorithm. Detailed
analysis revealed that using iMAR with tin filtration led
to slight artefact reduction in comparison to using a tin
filter protocol without iMAR, and that using iMAR with a
routine-dose protocol resulted in strong artefact reduction
in comparison to a routine-dose protocol without iMAR.
Previous studies (13,15,19-21) have reported a reduction
in metal artefacts from metal needles in CT-guided
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microwave ablation, metallic thoracic implants, hip
prostheses, dental hardware, and spinal implants when
iMAR is used, which is consistent with our results for
metal needles in lung biopsy.

Tin filtration has the potential to reduce the radiation
dose. Previous studies (22,23) used a tin filter to reduce the
radiation dose during CT-guided biopsy procedures using
100 kVp in a third-generation dual-source CT system,
with a dose reduction of 90%. Compared with the routine-
dose protocol, our low-dose protocol with a tin filter at
130 kVp yielded a 73.2% reduction per scan, which is
consistent with the radiation dose reductions of 53.3-94.5%
reported in previous studies. Lowering the tube voltage
and decreasing the tube current are effective methods for
reducing the radiation dose (4,6,16,24-26). The mean
DLP and estimated ED are significantly reduced using the
low tube voltage protocol and low tube current. Fu er al.
reported that a 120-kVp protocol (15 mAs) yielded a 90%
reduction in the radiation dose (0.5 vs. 5.1 mSv) compared
to a 120-kVp protocol (150 mAs) (4), which is slightly larger
than the reduction in this study. A possible explanation for
this difference is that we used a kilovoltage of 130 kV with
the tin filter, and a higher kilovoltage may deliver higher
radiation doses than a lower kilovoltage.

In this study, using tin filtration combined with an iMAR
algorithm in CT-guided lung biopsies was technically
successful in 100% of cases. This observation is consistent
with the rates reported in previous studies (98.2-100%)
(4,22). No significant difference was observed in the rates
of procedure-associated pneumothorax or haemoptysis
between the groups, which suggests that the low-dose
protocol using tin filtration combined with an iMAR
algorithm does not increase the risk of either of these
biopsy-associated complications, a finding that is consistent
with those of previous studies (27,28). Although the CNR
of the tin filter groups was significantly lower than that
of the routine-dose groups, the technical success rate was
identical to that of the routine-dose groups. The reason
for this may be that, unlike in routine diagnostic imaging,
detailed lesion features are not required during the biopsy
procedure (22). Additionally, in terms of diagnostic
accuracy, no statistically significant differences were found
in the sensitivity or overall diagnostic accuracy between the
groups, a finding that was consistent with those of previous
studies (4,6,22). Overall, our results demonstrated no
obvious reduction in the diagnostic accuracy of low-dose
CT using a tin filter combined with an iMAR algorithm,
suggesting that the overall image quality was sufficient for
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the biopsy procedures. However, as phantom and patient
studies (29,30) have shown that a sensitivity of almost 100%
for sub-solid nodules can be reached using a low-dose tin
filter protocol, we did not discuss the issues in detecting
ground-glass nodules.

This study has several limitations. First, some previous
studies (4,22,23) reported a slightly higher radiation dose
reduction than ours using the tin filter technique. The
cause for this difference might be that those studies used a
third-generation dual-source system, which contains more
advanced hardware and software than our normal clinical-
use CT scanner. Furthermore, the kilovolt setting was
higher in our study due to the image quality requirements
of the intervention operators at our institution. Future
studies should consider using a lower kilovolt setting to
further reduce the radiation dose, depending on patients’
BMIs (11). Second, due to workplace arrangements, several
intervention operators were involved in our study, which is a
potential cause of bias in our findings. Third, we did not use
CT fluoroscopy in our study. CT fluoroscopy has become
popular recently, because it has been shown to significantly
reduce the total procedure time and radiation dose for
patients while providing higher diagnostic accuracy (31,32).
However, a fundamental problem with CT fluoroscopy
is that the physicians need to stay in the examination
room during the scanning process and are exposed to
radiation (33). Fourth, due to ethical requirements, we
did not perform a comparative study of the success rate of
biopsy and the incidence of complications using iMAR,
because this technique can be applied during the biopsy
process in real-time without additional operations. Fifth,
owing to the limitation of the scanning range and individual
heterogeneity, lung tissue could not be obtained from the
same area in different patients, and background noise was
defined as the air noise outside the thorax rather than the
air noise inside the tracheal lumen. Sixth, the trial was
limited by its sample size. Further prospective randomised
controlled trials with larger sample sizes are needed
in future to better understand the viability, safety, and
diagnostic accuracy of using low-dose CT guidance in the
performance of lung biopsies.

In conclusion, tin filtration combined with an iMAR
algorithm may largely reduce the radiation dose compared
to a routine-dose CT protocol, while maintaining a
comparable image quality and incidence of complications
and producing fewer metal artefacts. This low-dose
protocol could replace the conventional protocol as the
routine protocol for CT-guided lung biopsy.

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