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Abstract: Background: CT-guided hook-wire localization is an essential step in the management
of small pulmonary nodules. Few studies, however, have focused on reducing radiation exposure
during the procedure. Purpose: This study aims to explore the feasibility of implementing a low-dose
computed tomography (CT)-guided hook wire localization using tailored kVp based on patients’
body size. Materials and Methods: A total of 151 patients with small pulmonary nodules were
prospectively enrolled for CT-guided hook wire localization using individualized low-dose CT
(LDCT) vs. standard-dose CT (SDCT) protocols. Radiation dose, image quality, characteristics of
target nodules and procedure-related variables were compared. All variables were analyzed using
Chi-Square and Student’s t-test. Results: The mean CTDIvol was significantly reduced for LDCT
(for BMI ≤ 21 kg/m2, 0.56 ± 0.00 mGy and for BMI > 21 kg/m2, 1.48 ± 0.00 mGy) when compared
with SDCT (for BMI ≤ 21 kg/m2, 5.24 ± 0.95 mGy and for BMI > 21 kg/m2, 6.69 ± 1.47 mGy).
Accordingly, the DLP of LDCT was significantly reduced as compared with that of SDCT (for
BMI ≤ 21 kg/m2, 56.86 ± 4.73 vs. 533.58 ± 122.06 mGy.cm, and for BMI > 21 kg/m2, 167.02 ± 38.76
vs. 746.01 ± 230.91 mGy.cm). In comparison with SDCT, the effective dose (ED) of LDCT decreased
by an average of 89.42% (for BMI ≤ 21 kg/m2) and 77.68% (for BMI > 21 kg/m2), respectively.
Although the images acquired with the LDCT protocol yielded inferior quality to those acquired
with the SDCT protocol, they were clinically acceptable for hook wire localization. Conclusions:
LDCT-guided localization can provide safety and nodule detection performance comparable to
SDCT-guided localization, benefiting radiation dose reduction dramatically, especially for patients
with small body mass indexes.

Keywords: hook wire; pulmonary nodules; radiation dosage; tomography; X-ray computed

1. Introduction

With the widespread application of low-dose computed tomography (LDCT) in recent
years, a rapidly increasing number of small and non-determined pulmonary nodules can
be possible to detect at an early stage, especially ground glass opacities (GGO), making
it vital to manage small pulmonary nodules appropriately [1]. Currently, video-assisted
thoracoscopic surgery (VATS) is commonly used for diagnostic and therapeutic purposes for
small pulmonary nodules due to its safety and minimal invasive nature [2,3]. Nevertheless,
VATS is limited in dealing with most tiny nodules smaller than 10 mm in diameter or more
than 5 mm away from the pleural surface [4], which cannot be accurately located by vision,
intraoperative finger palpation or endoscopic instrument sliding during the operation,
resulting in a prolonged operation time and an increase in the risk of conversion to an
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open thoracotomy. Specifically, it tends to make the management of pure ground-glass
opacity (GGO) with a soft texture more challenging [5]. Therefore, precise location of
small pulmonary nodules pre-operation is indispensable, particularly for those located
in the lung parenchyma that may be impalpable after deflating the lung. Currently, CT-
guided hook wire localization remains the most common preoperative technique for small
pulmonary nodules [6,7]. However, the considerable radiation exposure to both patient
and interventionalist is an nonnegligible issue, since CT-guided hook-wire localization
requires scanning multiple times (planning, guiding and controlling scans) during a single
intervention. Thus, the cumulative radiation dose for patients is 40 times greater than that
of diagnostic CT examination [8,9].

Previous LDCT studies utilized a uniform scanning protocol for a large population
without optimizing the radiation dose based on individual patient body size through the
development of personalized scanning protocols [10,11]. Thus, the radiation dose remains
an issue that requires further reduction, especially for small-sized patients who are more
sensitive to radiation. Applying the scanning parameters for large-sized patients to small
ones should be avoided, as it provides no benefit for hook-wire localization, apart from
a substantial increase in effective dose. In general, radiation dose is proportional to the
square of tube voltage; therefore, a small reduction in tube voltage would result in a
significant dose reduction. Theoretically, reducing tube voltage from 120 kVp to 100 kVp
or 80 kVp would reduce the radiation dose by 33% and 65%, respectively, assuming all
other parameters stay the same [12]. For small-sized patients, as less energy is required
for x-ray photon penetration, a relatively low tube voltage is enough to provide sufficient
penetration; hence, reducing the radiation dose while preserving image quality [12] is
possible. As a result, taking patient’s body size into account, an individualized scanning
plan based on body mass index (BMI), lateral diameter or body circumference is useful in
routine clinical practice [13,14]. In the majority of people, BMI has been demonstrated to be
a reliable predictor of total body fat, and it is one of the most commonly used quantitative
indicators to measure body shape [15,16]. Nevertheless, only a few data are available
on the radiation dose received by patients with varying BMIs during CT-guided hook
wire localization.

This study aims to explore the feasibility of LDCT-guided hook wire localization using
tailored kVp based on BMI combined with a fixed mAs of 20.

2. Material and Methods
2.1. General Information

This study was approved by the Medical Ethics Committee of our hospital, and written
informed consent was obtained from all patients before surgery. A prospective analysis was
performed on 151 patients from June 2019 to April 2022 who underwent VATS resection
after receiving preoperative CT-guided hook wire localization of pulmonary nodules in
our hospital. Patient characteristics are shown in Table 1. Exclusion criteria included severe
emphysema, rough cough, advanced interstitial pulmonary disease, refractory coagulation
dysfunction, cardiac insufficiency, pleurisy and a lesion located close to the mediastinal
great vessels.

Table 1. Demographics and baseline nodule characteristics.

Basic Information Group A1 (n = 32) Group B1 (n = 34) p Value Group A2 (n = 51) Group B2 (n = 67) p Value

Gender (F/M) 17/8 22/6 0.384 25/14 37/21 0.975
Age (Years) 56.96 ± 11.05 52.93 ± 11.93 0.198 56.54 ± 8.99 57.89 ± 9.00 0.463

BMI (kg/m2) 20.58 ± 0.99 20.11 ± 1.33 0.154 24.50 ± 1.72 25.37 ± 2.55 0.064
Lesion Type

pGGN 20 (62.5%) 19 (55.9%) 34 (66.7%) 34 (50.7%)
psGGN 11 (34.4%) 14 (41.2%) 13 (25.5) 29 (43.3%)

Solid 1 (3.1%) 1 (2.9%) 4 (7.8%) 4 (6.0%)
Lesion Size (mm)

Lesion ≤ 5 4 (12.5%) 4 (11.8%) 10 (19.6%) 10/(14.9%)
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Table 1. Cont.

Basic Information Group A1 (n = 32) Group B1 (n = 34) p Value Group A2 (n = 51) Group B2 (n = 67) p Value

5 < Lesion ≤ 10 20 (62.5%) 20 (58.8%) 29 (56.9%) 41 (61.2%)
10 < Lesion ≤ 20 8 (25.0%) 10 (29.4%) 12 (23.5%) 16 (23.9%)
Lesion Location

RUML 8 (25.0%) 9 (26.5%) 13 (25.5%) 24 (35.8%)
RLL 7 (21.9%) 9 (26.5%) 11 (21.6%) 13 (19.4%)
LUL 9 (28.1%) 3 (8.8%) 16 (31.3) 18 (26.9%)
LLL 8 (25.0%) 13 (38.2%) 11 (21.6%) 12 (17.9%)

BMI, body mass index; pGGN, pure ground glass nodule; psGGN, part-solid GGN; RUML, right upper MIDDLE
lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe.

2.2. Scanning Parameters

CT examinations were conducted using a 64-row CT scanner (Somotom Perspective,
Siemens™, Erlangen, Germany). The cohort was divided into group A and group B accord-
ing to the time of enrolment. Group A: 65 patients, standard dose computed tomography
(SDCT) scanning from June 2019 to March 2021. Group B: 86 patients, individualized LDCT
scans from April 2021 to April 2022. As a part of this study, the routine CT images of pa-
tients in group B obtained within one month before surgery were retrospectively collected
as group C, with the scanning parameters similar to those of group A, in order to explore the
impact of LDCT scanning on the presentation of the same pulmonary nodule. In addition,
groups A and B were further divided into four subgroups depending on their BMIs: A1, B1
(BMI ≤ 21 kg/m2) and A2, B2 (BMI > 21 kg/m2). SDCT scanning was performed using
a reference tube voltage of 110 kVp, automated tube current modulation (CARE Dose4D,
Siemens Healthcare, Forchheim, Germany) and standard filtered back projection (FBP)
reconstruction. In contrast, a LDCT scan was performed using tube voltage of 80 kVp
(for BMI ≤ 21 kg/m2)/110 kvp (for BMI > 21 kg/m2) and 20 mAs as a reference, with the
hybrid IR algorithm (SAFIRE, strength level 3) reconstruction. For all groups, the scanning
pitch was 1.05, the slice thickness and increment were 5 mm and the reconstruction slice
thickness was 1 mm.

2.3. Computed Tomography-Guided Hook Wire Localization Procedure

A senior radiologist meticulously reviewed recent chest CT images to determine the
optimal puncture route and body position for hook wire placement. Through the use of
a radio-opaque grid mesh across the chest wall, CT images were obtained to determine
the shape, size and location of the lesion, as well as the interaction with adjacent tissues.
Following sterilization and draping of the patient, 2% lidocaine was injected into the chest
wall through the needle insertion site. The cannula needle was inserted slowly into the
chest wall and lung parenchymal layer, as close to the target nodular lesion as possible,
which was typically less than 15 mm away. After determining the appropriate positioning
of the introducer needle using the guided CT image, the hook wire was released, and the
introducer needle was carefully withdrawn. The CT scan was repeated to confirm the
location of the hook wire and to determine whether any complications occurred, including
pneumothorax, hemorrhage or subcutaneous emphysema.

2.4. Data Collection

Based on a retrospective analysis, we evaluated the performance of groups B and C in
terms of lesion identification. Nodule detection efficiency was compared based on nodule
characteristics (CT value and size). On the lung window settings (level, −700; width, 1500),
the CT value at the image slice showing largest diameter of the nodule was measured, and
the measurement of the largest diameter was also recorded. The region of interest (ROI) for
CT value measurement was 3 mm by 3 mm in size, avoiding blood vessels, calcification
and necrosis. Characteristics of target nodules (size, location, type, CT values, distance
from visceral pleura, shortest distance between the nodule and the puncture needle and
distance between the needle tip and the pleura) and procedure-related variables (patient
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position, number of needle insertions and total procedure time) were recorded. Any signs
of pneumothorax, hemorrhage or subcutaneous emphysema would be recorded by the final
CT scan or follow-up radiography within two days. The volume CT dose index (CTDIvol)
and dose-length product (DLP) were obtained from the dose report. The effective dose
(ED) was calculated by multiplying DLP by a conversion factor (0.014 mSv/mGy cm for
the chest) [17].

2.5. Subjective Imaging Quality Evaluation

Using a 5-point scale, two radiologists with over five years of diagnostic experience
independently evaluated each CT image for noise, artifacts, lesion detection, display of
anatomical details and contouring. Specific criteria for scoring are as follows:

5 points for virtually no artifact, good visualization of nodules and anatomical details
4 points for low image noise and the presence of a few artifacts, adequate visualization

of nodules and anatomical details
3 points for images with a moderate amount of noise and minor artifacts, a vague

visualization of nodules and anatomical details
2 points for a high level of image noise and a moderate level of artifacts, no visualiza-

tion of nodules and anatomical details
1 point for the highest level of noise plus the most obvious artifacts, no visualization

of nodules and anatomical details. Scores of at least 3 points satisfy the requirements for
puncture placement.

2.6. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics software (Version 26, IBM
Corp., Armonk, NY, USA). For continuous variables, the normality of distribution was
assessed using the Kolmogorov–Smirnov test. The inter-group comparisons of continuous
variables and categorical variables were performed with an independent sample t-test and
Chi-Square test, respectively. The CT values and nodule sizes in groupsa B and C were
analyzed using a paired sample t-test. A Mann-Whitney U test was used to analyze the
subjective score and radiation dose of group A and B. Kappa statistics was used to evaluate
the inter-observer consistency of the subjective scores, and Kappa ≥ 0.75 indicated satisfied
consistency. An A value of p < 0.05 was considered as statistically significant difference.

3. Results
3.1. Demographics and Baseline Nodule Characteristics

A total of 151 patients with 184 nodules were enrolled: 52 males and 99 females,
with a mean age of 56.3 years (range, 25–75 years). There was no significant demographic
difference between the groups (p > 0.05). Based on CT scanning, pulmonary nodules could
be categorized as pure GGNs (n = 107, 58.2%), part-solid GGNs (n = 67, 36.4%) and solid
nodules (n = 10, 5.4%). Other characteristics of patients and nodules are summarized
in Table 1.

3.2. Localization Procedure-Related Parameters

The intraoperative parameters included the patient’s position, diameter of lesion,
lesion-pleura distance, shortest distance between the nodule and the puncture needle,
distance between the needle tip and the pleura, number of needle insertions and procedure
time and localization-related complications and surgery duration. The values for these
parameters obtained for each protocol are summarized in Table 2. There were no significant
differences between groups (p > 0.05). Figure 1 depicts representative CT-guided lung
biopsy images using SDCT versus LDCT.
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Table 2. Procedure characteristics of localization.

Group Nodule Density
(HU)

Nodule
Size

(mm)

Patient
Position
Supine/

Prone/Lateral
(n)

Nodule Distance to
Pleural Surface

(mm)

Nodule
Distance to
Needle Tip

(mm)

Needle
Insertion

Depth from
Pleura (mm)

Pneumothorax
(n)

Bleeding
(n)

Number of
Needle

Insertions (n)

Localization
Procedure

Duration (min)

Surgery
Duration

(h)

Group A1 −548.93 ± 202.82 8.82 ± 3.39 3/10/19 16.21 ± 12.72 15.01 ± 13.45 26.63 ± 13.85 9 (25) 6 (25) 1.76 ± 1.27 9.56 ± 4.37 1.38 ± 0.44
Group B1 −569.60 ± 139.36 8.59 ± 2.98 4/7/23 19.09 ± 13.54 15.13 ± 11.69 32.15 ± 16.65 6 (28) 7 (28) 1.62 ± 0.78 9.43 ± 2.57 1.21 ± 0.40

p value 0.629 0.773 0.377 0.969 0.108 0.360 1.000 0.635 0.894 0.154
Group A2 −518.66 ± 222.88 8.29 ± 3.78 9/15/27 21.05 ± 14.95 19.97 ± 18.16 30.24 ± 12.49 15 (39) 13 (39) 2.15 ± 1.44 10.49 ± 4.08 1.55 ± 0.63
Group B2 −460.22 ± 223.05 8.31 ± 2.83 10/21/36 22.83 ± 16.61 16.69 ± 12.10 29.15 ± 14.48 13 (58) 19 (58) 2.05 ± 1.39 10.47 ± 4.58 1.43 ± 0.42

p value 0.161 0.963 0.550 0.243 0.668 0.111 1.000 0.735 0.988 0.298

Group A1 = SDCT group (BMI ≤ 21 kg/m2); Group B1 = LDCT group (BMI ≤ 21 kg/m2); Group A2 = SDCT
group (BMI > 21 kg/m2); Group B2 = LDCT group (BMI > 21 kg/m2).
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Group Nodule Density Nodule Size 
Group B1 −546.64 ± 136.67 8.59 ± 2.98 

Figure 1. Representative localization images with LDCT and SDCT protocols. (A,C) were images
during SDCT-guided localization, (B,D) were pictures during LDCT-guided localization. All groups
of pictures can clearly show the puncture needle and the lesion. (B,D) showed that the quality of
CT pictures in LDCT group meet the demand of localization for lung nodules in different lobes and
patients in different position. The arrow indicates the location of the needle tip.

3.3. Evaluation of Nodule Identification Performance

There is no detection efficacy difference between the SDCT and LDCT groups. The CT
values of recognizable nodules in the LDCT group ranged from −853.9 HU to 7.2 HU, and
nodule sizes ranged from 3.8 mm to 15.5 mm. While the CT values of identifiable nodules
in the SDCT group ranged from −753.9 HU to 6.2 HU, and their sizes varied from 3.8 mm
to 15.5 mm. No significant difference was observed between LDCT and SDCT in terms of
the diameter or CT values of pulmonary nodules (p > 0.05) (Table 3). The identification
performance of small pulmonary nodules of LDCT and SDCT is shown in Figure 2.

Table 3. Lesion conspicuities for lung nodules.

Group Nodule Density Nodule Size

Group B1 −546.64 ± 136.67 8.59 ± 2.98
Group C1 −544.91 ± 134.27 8.75 ± 3.10

p value 0.458 0.135
Group B2 −460.22 ± 223.05 8.31 ± 2.83
Group C2 −443.68 ± 225.56 8.45 ± 2.86

p value 0.108 0.350

Group B1 = LDCT group (BMI ≤ 21 kg/m2); Group C1 = SDCT group (BMI ≤ 21 kg/m2); Group B2 = LDCT
group (BMI > 21 kg/m2); Group C2 = SDCT group (BMI > 21 kg/m2).
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Figure 2. (A,B): A female patient with a BMI of 20.31 kg/m2. A subpleural pulmonary nodule was
shown on LDCT (A) and SDCT at the same location as A (B). (C,D): A female patient with a BMI of
24.91 kg/m2. One pulmonary nodule can be seen on LDCT (C) and SDCT at the same location as C
(D). Images of both protocols can clearly show the lesion. The image noise was appreciably increased
on LDCT images, however, there was sufficient contrast between the nodule and the adjacent lung
tissue for lesion identification.

3.4. Evaluation of Image Quality

The subjective scores for CT images were comparable between the two observers
(Kappa: 0.830). The subjective scores of the senior observer were selected for further
analysis. Group A received a higher subjective score than group B, and the difference was
statistically significant (p < 0.001) (Table 4). However, the scores of group B were all greater
than 3 points, meeting the requirements for puncture.

Table 4. Subjective overall image qualities.

Group
Score

BMI ≤ 21 kg/m2 BMI > 21 kg/m2

Group A 4.92 ± 0.277 4.92 ± 0.270
Group B 3.86 ± 0.356 3.95 ± 0.223
p value 0.000 0.000

Group A = SDCT; Group B = LDCT.

3.5. Radiation Dose

As compared to SDCT, the radiation dose for LDCT was significantly reduced (Table 5).
The mean CTDIvol was significantly lower for LDCT (for BMI ≤ 21 kg/m2, 0.56 ± 0.00 mGy
and for BMI > 21 kg/m2, 1.48 ± 0.00 mGy) when compared with SDCT (for BMI ≤ 21 kg/m2,
5.24 ± 0.95 mGy and for BMI > 21 kg/m2, 6.69 ± 1.47 mGy; p < 0.0001). Accordingly, the
DLP of LDCT was significantly reduced as compared with SDCT (for BMI ≤ 21 kg/m2,
56.86 ± 4.73 vs. 533.58 ± 122.06 mGy.cm, and for BMI > 21 kg/m2, 167.02 ± 38.76 vs.
746.01 ± 230.91 mGy.cm; p < 0.0001). Figure 3 illustrated that the ED value of LDCT group
was significantly lower than that of SDCT group, especially in patients with lower BMIs.

Table 5. Radiation Dose in Each Group.

Group CTDI (mGy) DLP (mGy.cm) ED (mSv)

Group A1 5.24 ± 0.95 533.58 ± 122.06 7.47 ± 1.71
Group B1 0.56 ± 0.00 56.86 ± 4.73 0.79 ± 0.07

p value <0.001 <0.001 <0.001
Group A2 6.69 ± 1.47 746.01 ± 230.91 10.44 ± 3.23
Group B2 1.48 ± 0.00 167.02 ± 38.76 2.33 ± 0.54

p value <0.001 <0.001 <0.001

Group A1 = SDCT group (BMI ≤ 21 kg/m2); Group B1 = LDCT group (BMI ≤ 21 kg/m2); Group A2 = SDCT
group (BMI > 21 kg/m2); Group B2 = LDCT group (BMI > 21 kg/m2).
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Figure 3. Comparison of average ED values in various groups. A1 = SDCT group (BMI ≤ 21 kg/m2);
B1 = LDCT group (BMI ≤ 21 kg/m2); A2 = SDCT group (BMI > 21 kg/m2); B2 = LDCT group
(BMI > 21 kg/m2). The effective dose (ED) decreased by an average of 89.42% (for BMI ≤ 21 kg/m2),
77.68% (for BMI > 21 kg/m2), respectively, under the LDCT protocol compared to the SDCT protocol.
* indicates p < 0.05, Bonferroni corrected.

4. Discussion

In the present study, we explore the feasibility, lesion detection performance and
radiation exposure of CT-guided hook wire localization using tailored kVp based on
BMI combined with a fixed 20 mAs. Our study demonstrated a significant reduction in
the effective dose, from 10.44 ± 3.23 mSv for SDCT intervention to 2.33 ± 0.54 mSv for
LDCT intervention (BMI > 21 kg/m2) and from 7.47 ± 1.71 mSv for SDCT intervention to
0.79 ± 0.07 mSv for LDCT intervention (BMI ≤ 21 kg/m2). This discrepancy represents a
reduction of the effective dose by more than 5 to 10 times.

CT-guided hook wire localization is the most common preoperative technique for
small pulmonary nodules. In particular, limiting radiation exposure is extremely important
during the procedure of localization, since multiple CT scans are required (planning,
guiding and controlling scans). Dose reduction for CT-guided biopsies was normally
achieved by decreasing tube voltage or using iterative reconstruction algorithms [18–20],
and the majority of research relied on comparing DLP or CTDIvol in order to quantify
dose reduction. Overall, from any perspective, radiation dose reduction requires further
emphasis. To date, a relatively small number of studies was conducted on the use of
LDCT in hook wire puncture. Despite some research having achieved low-dose imaging,
the effective radiation dose still remains high at 3.17 mSv [21]. The most popular method
followed in clinical low-dose scanning scheme was to alter the electrical parameters. Several
studies have demonstrated that a lower tube current had no impact on the quality of CT
chest image [10,22]. Accordingly, in this study, the tube current of the experimental group
was set to an ultra-low level of 20 mAs. As tube voltage has an exponential relationship
with radiation dose, lowering tube voltage is a more effective way to achieve the purpose
of dose reduction. The tube voltage is also an indicator of radiation penetration ability, so
lowering the tube voltage will increase image noise [12]. Thus, when optimizing radiation
dose, it is particularly critical to select the appropriate tube voltage in order to balance
image noise and ensure image quality. In clinical settings, the selection of tube voltage
is strongly influenced by patients’ body size, represented by their BMIs [23,24]. Studies
have proved that radiation damage is strongly correlated with patients’ body size [25].
For obese patients, the extra adipose tissue can act as a natural barrier that protects the
internal organs. Small and medium-sized patients, however, are at higher risk of radiation
damage if they receive the same radiation dose as obese patients. Due to the low radiation
dose received by small and medium-sized patients [26], little attention has been paid to
their imaging parameters; however, this does not necessarily mean that they have been
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fully optimized [27]. To further optimize radiation dose, it is necessary to set small and
medium-sized patients as a separate category. Therefore, in this study, we conducted a
subgroup analysis based on patients’ BMIs. Our results demonstrated that the mean ED
of LDCT was significantly reduced compared to SDCT, corresponding to an overall dose
reduction of 89.42% (for BMI ≤ 21 kg/m2) and 77.68% (for BMI > 21 kg/m2), respectively.
The ED value for LDCT (BMI > 21 kg/m2) was (2.33 ± 0.54) mSv, which was less than
2.5 mSv and classified as low dose imaging, while the ED value of LDCT (BMI ≤ 21 kg/m2)
was (0.79 ± 0.07) mSv, which was less than 0.8 mSv and categorized as the ultra-low dose
computed tomography (uLDCT) imaging [28]. The individualized LDCT protocol for
hook wire localization in our study can dramatically reduce the radiation dose of patients,
especially for those with low BMIs.

Maintaining image quality and lesion identification performance is crucial in LDCT, as
a decreasing radiation dose leads to a rise in image noise. In fact, a previous study explored
the feasibility of LDCT lung scanning procedures that decreased radiation exposure while
preserving nodule detection performance with an average ED of 1.5 mSv [29]. In the present
study, no significant differences in detection efficacy were observed between groups, which
means that LDCT (for BMI > 21 kg/m2) and uLDCT (for BMI ≤ 21 kg/m2) were capable
of detecting pulmonary nodules with a similar sensitivity to SDCT. However, multiple
comparisons showed the image qualities of LDCT (for BMI > 21 kg/m2) and uLDCT (for
BMI ≤ 21 kg/m2) were significantly poorer than that of SDCT, suggesting that LDCT and
uLDCT may be inappropriate for analyzing their imaging characteristics, even though
they can detect small pulmonary nodules. Unlike the high standard of image quality for
diagnostic purposes, CT-guided hook wire localization only requires complete visualization
of the nodule and needle tip [10]. In our investigation, the image quality scores of LDCT
and uLDCT were substantially lower than those of SDCT, yet all were greater than three
points, meeting the criteria for puncture.

In the current study, the hook wire was successfully placed with all lung nodules
removed through VATS in 151 patients, and none of the procedures needed conversion
to thoracotomy. Pneumothorax and hemorrhage are the most common complications
associated with hook wire localization [3], along with other factors, such as the number of
needle insertions and the duration of the procedure [29]. This study found no statistically
significant differences between groups in terms of needle insertions and total puncture time,
which is consistent with earlier research [1,9]. The overall frequency of intrapulmonary
hemorrhage and pneumothorax did not differ significantly across all groups. All pneumoth-
oraces observed in our study were classified as asymptomatic small pneumothorax [30,31],
and none of them required further intervention before surgery. No serious complications
such as hemoptysis, massive hemothorax or air embolisms were identified in either group.
In light of these findings, it appears that radiation dose reduction does not increase the risk
of complications associated with localization.

This research has certain limitations. Firstly, due to the inspection equipment’s limi-
tations, the tube voltage gears were confined to 80 kVp, 110 kVp and 130 kVp. In order
to rationally limit the radiation exposure, only 80 kVp and 110 kVp were utilized in this
investigation. Secondly, our patient sample size (for BMI ≤ 21 kg/m2) was small, thus
further clinical trials with larger sample populations are necessary. Thirdly, we were unable
to conduct a subgroup analysis focusing on patients who have simultaneous localization
for multiple nodules because of the limited number of cases allotted.

5. Conclusions

In conclusion, LDCT-guided localization can provide comparable safety and nodule
detection performance compared to SDCT-guided localization, while dramatically reducing
radiation exposure, especially for patients with small body mass indexes.

Author Contributions: Conceptualization, Y.-J.Z. and Y.-J.L.; Methodology, W.W.; Formal analysis,
S.-G.W.; Resources, B.-B.L.; Data curation, X.-Y.T., X.F. and Y.-J.L.; Writing—original draft, W.W.;



Diagnostics 2023, 13, 3235 9 of 10

Writing—review & editing, J.-Y.Z., R.-W.P. and Y.-J.Z.; Project administration, X.F. and R.-W.P. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of The First Affiliated Hospital of Dalian Medical
University, (PJ-KS-XJS-2021-60(X)).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Zhao, G.; Yu, X.; Chen, W.; Geng, G.; Li, N.; Liu, H.; Yin, P.; Sun, L.; Jiang, J. Computed tomography-guided preoperative

semi-rigid hook-wire localization of small pulmonary nodules: 74 cases report. J. Cardiothorac. Surg. 2019, 14, 149. [CrossRef]
[PubMed]

2. Park, C.H.; Han, K.; Hur, J.; Lee, S.M.; Lee, J.W.; Hwang, S.H.; Seo, J.S.; Lee, K.H.; Kwon, W.; Kim, T.H.; et al. Comparative
effectiveness and safety of preoperative lung localization for pulmonary nodules: A systematic review and meta-analysis. Chest
2017, 151, 316–328. [CrossRef] [PubMed]

3. Zhang, H.; Li, Y.; Yimin, N.; He, Z.; Chen, X. CT-guided hook-wire localization of malignant pulmonary nodules for video assisted
thoracoscopic surgery. J. Cardiothorac. Surg. 2020, 15, 307. [CrossRef] [PubMed]

4. Liu, B.; Gu, C. Expert consensus workshop report: Guidelines for preoperative assisted localization of small pulmonary nodules.
J. Cancer Res. Ther. 2020, 16, 967–973. [CrossRef] [PubMed]

5. Jin, X.; Wang, T.; Chen, L.; Xing, P.; Wu, X.; Shao, C.; Huang, B.; Zang, W. Single-Stage Pulmonary Resection via a Combination of
Single Hookwire Localization and Video-Assisted Thoracoscopic Surgery for Synchronous Multiple Pulmonary Nodules. Technol.
Cancer Res. Treat. 2021, 20, 15330338211042511. [CrossRef] [PubMed]

6. Qin, W.; Ge, J.; Gong, Z.; Zhang, Y.; DiBardino, D.M.; Imperatori, A.; Tandon, Y.K.; Yanagiya, M.; Yao, F.; Qiu, Y. The incidence
and risk factors of acute pain after preoperative needle localization of pulmonary nodules: A cross-sectional study. Transl. Lung
Cancer Res. 2022, 11, 1667–1677. [CrossRef]

7. Klinkenberg, T.J.; Dinjens, L.; Wolf, R.F.; van der Wekken, A.J.; van de Wauwer, C.; de Bock, G.H.; Timens, W.; Mariani, M.A.;
Groen, H.J. Ct-guided percutaneous hookwire localization increases the efficacy and safety of vats for pulmonary nodules. J. Surg.
Oncol. 2017, 115, 898–904. [CrossRef] [PubMed]

8. Chang, D.H.; Hiss, S.; Mueller, D.; Hellmich, M.; Borggrefe, J.; Bunck, A.C.; Maintz, D.; Hackenbroch, M. Radiation Dose
Reduction in Computed Tomography-Guided Lung Interventions using an Iterative Reconstruction Technique. Intervent. Radiol.
2015, 187, 906–914. [CrossRef]

9. Frisch, B.K.; Slebocki, K.; Mammadov, K.; Puesken, M.; Becker, I.; Maintz, D.; Chang, D.-H. Implementation of ultra-low-dose
lung protocols in CT-guided lung biopsies: Feasibility and safety in the clinical setting. J. Int. Med. Res. 2017, 45, 2101–2109.
[CrossRef]

10. Huang, Y.-Y.; Cheng, H.; Li, G.-C. Computed tomography-guided core needle biopsy for lung nodules: Low-dose versus
standard-dose protocols. Videosurg. Other Miniinvasive Tech. 2021, 16, 355–361. [CrossRef]

11. Na Lee, H.; Lee, S.M.; Choe, J.; Chae, E.J.; Do, K.-H.; Seo, J.B. Diagnostic performance of CT-guided percutaneous transthoracic
core needle biopsy using low tube voltage (100 kVp): Comparison with conventional tube voltage (120 kVp). Acta Radiol. 2018,
59, 425–433. [CrossRef] [PubMed]

12. Nagayama, Y.; Oda, S.; Nakaura, T.; Tsuji, A.; Urata, J.; Furusawa, M.; Utsunomiya, D.; Funama, Y.; Kidoh, M.; Yamashita,
Y. Radiation Dose Reduction at Pediatric CT: Use of Low Tube Voltage and Iterative Reconstruction. RadioGraphics 2018,
38, 1421–1440. [CrossRef] [PubMed]

13. Peng, R.; Mardakhaev, E.; Shmukler, A.; Levsky, J.M.; Haramati, L.B. Meeting ACR Dose Guidelines for CT Lung Cancer Screening
in an Overweight and Obese Population. Acad. Radiol. 2021, 28, 381–386. [CrossRef] [PubMed]

14. Harun, H.H.; Abdul Karim, M.K.; Abbas, Z.; Abdul Rahman, M.A.; Sabarudin, A.; Ng, K.H. Association of Radiation Doses and
Cancer Risks from CT Pul-monary Angiography Examinations in Relation to Body Diameter. Diagnostics 2020, 10, 681. [CrossRef]
[PubMed]

15. Jiang, J.; Zhang, M.; Ji, Y.; Li, C.; Fang, X.; Zhang, S.; Wang, W.; Wang, L.; Liu, A. An Individualized Contrast-Enhanced Liver
Computed Tomography Imaging Protocol Based on Body Mass Index in 126 Patients Seen for Liver Cirrhosis. Med. Sci. Monit.
2021, 27, e932109-1. [CrossRef] [PubMed]

16. Svahn, T.M.; Sjöberg, T.; Ast, J.C. Dose estimation of ultra-low-dose chest CT to different sized adult patients. Eur. Radiol. 2019,
29, 4315–4323. [CrossRef] [PubMed]

17. Tækker, M.; Kristjánsdóttir, B.; Graumann, O.; Laursen, C.B.; Pietersen, P.I. Diagnostic accuracy of low-dose and ultra-low-dose ct
in detection of chest pathology: A systematic review. Clin. Imag. 2021, 74, 139–148. [CrossRef] [PubMed]

https://doi.org/10.1186/s13019-019-0958-z
https://www.ncbi.nlm.nih.gov/pubmed/31426812
https://doi.org/10.1016/j.chest.2016.09.017
https://www.ncbi.nlm.nih.gov/pubmed/27717643
https://doi.org/10.1186/s13019-020-01279-9
https://www.ncbi.nlm.nih.gov/pubmed/33036640
https://doi.org/10.4103/jcrt.JCRT_449_20
https://www.ncbi.nlm.nih.gov/pubmed/33004736
https://doi.org/10.1177/15330338211042511
https://www.ncbi.nlm.nih.gov/pubmed/34516307
https://doi.org/10.21037/tlcr-22-557
https://doi.org/10.1002/jso.24589
https://www.ncbi.nlm.nih.gov/pubmed/28230245
https://doi.org/10.1055/s-0035-1553125
https://doi.org/10.1177/0300060517712165
https://doi.org/10.5114/wiitm.2021.103303
https://doi.org/10.1177/0284185117719589
https://www.ncbi.nlm.nih.gov/pubmed/28691525
https://doi.org/10.1148/rg.2018180041
https://www.ncbi.nlm.nih.gov/pubmed/30207943
https://doi.org/10.1016/j.acra.2020.02.009
https://www.ncbi.nlm.nih.gov/pubmed/32284173
https://doi.org/10.3390/diagnostics10090681
https://www.ncbi.nlm.nih.gov/pubmed/32917029
https://doi.org/10.12659/MSM.932109
https://www.ncbi.nlm.nih.gov/pubmed/34162827
https://doi.org/10.1007/s00330-018-5849-5
https://www.ncbi.nlm.nih.gov/pubmed/30560356
https://doi.org/10.1016/j.clinimag.2020.12.041
https://www.ncbi.nlm.nih.gov/pubmed/33517021


Diagnostics 2023, 13, 3235 10 of 10

18. Keller, E.J.; Lewandowski, R.J.; Goodwin, L.; Yaghmai, V.; Nemcek, A.; Carr, J.C.; Collins, J.D. Reinforcing the Importance and
Feasibility of Implementing a Low-dose Protocol for CT-guided Biopsies. Acad. Radiol. 2018, 25, 1146–1151. [CrossRef]

19. Adiga, S.; Athreya, S. Safety, efficacy, and feasibility of an ultra-low dose radiation protocol for ct-guided percutaneous needle
biopsy of pulmonary lesions: Initial experience. Clin. Radiol. 2014, 69, 709–714. [CrossRef]

20. Kallianos, K.G.; Elicker, B.M.; Henry, T.S.; Ordovas, K.G.; Nguyen, J.; Naeger, D.M. Instituting a Low-dose CT-guided Lung
Biopsy Protocol. Acad. Radiol. 2016, 23, 1130–1136. [CrossRef]

21. Ma, Y.; Cheng, S.; Li, J.; Yuan, W.; Song, Z.; Zhang, H. Preoperative CT-guided localization of pulmonary nodules with low-dose
radiation. Quant. Imaging Med. Surg. 2023, 13, 4295–4304. [CrossRef]

22. Ju, Y.H.; Lee, G.; Lee, J.W.; Hong, S.B.; Suh, Y.J.; Jeong, Y.J. Ultra-low-dose lung screening ct with model-based iterative
reconstruction: An assessment of image quality and lesion conspicuity. Acta Radiol. 2018, 59, 553–559. [CrossRef]

23. Steidel, J.; Maier, J.; Sawall, S.; Kachelrieß, M. Dose reduction potential in diagnostic single energy CT through patient-specific
prefilters and a wider range of tube voltages. Med. Phys. 2022, 49, 93–106. [CrossRef] [PubMed]

24. Xu, J.; Wang, X.; Yang, P.; Luo, K.; He, X. Size-Specific Dose Estimates of Radiation Based on Body Weight and Body Mass Index
for Chest and Abdomen-Pelvic CTs. BioMed. Res. Int. 2020, 2020, 6046501. [CrossRef] [PubMed]

25. Saltybaeva, N.; Martini, K.; Frauenfelder, T.; Alkadhi, H. Organ dose and attributable cancer risk in lung cancer screening with
low-dose computed tomography. PLoS ONE 2016, 11, e0155722. [CrossRef] [PubMed]

26. Fujii, K.; McMillan, K.; Bostani, M.; Cagnon, C.; McNitt-Gray, M. Patient Size—Specific Analysis of Dose Indexes from CT Lung
Cancer Screening. Am. J. Roentgenol. 2017, 208, 144–149. [CrossRef] [PubMed]

27. Efthymiou, F.O.; Metaxas, V.I.; Dimitroukas, C.P.; Panayiotakis, G.S. Low BMI patient dose in digital radiography. Radiat. Prot.
Dosimetry 2020, 189, 1–12. [CrossRef] [PubMed]

28. Macri, F.; Greffier, J.; Pereira, F.; Rosa, A.C.; Khasanova, E.; Claret, P.G.; Larbi, A.; Gualdi, G.; Beregi, J.P. Value of ultra-low-dose
chest ct with iterative reconstruction for selected emergency room patients with acute dyspnea. Eur. J. Radiol. 2016, 85, 1637–1644.
[CrossRef] [PubMed]

29. Zhao, K.; Jiang, B.; Zhang, S.; Zhang, L.; Zhang, L.; Feng, Y.; Li, J.; Zhang, Y.; Xie, X. Measurement Accuracy and Repeatability of
RECIST-Defined Pulmonary Lesions and Lymph Nodes in Ultra-Low-Dose CT Based on Deep Learning Image Reconstruction.
Cancers 2022, 14, 5016. [CrossRef] [PubMed]

30. Yao, F.; Wang, J.; Yao, J.; Xu, L.; Gao, L. Reevaluation of the efficacy of preoperative computed tomography-guided hook wire
localization: A retrospective analysis. Int. J. Surg. 2018, 51, 24–30. [CrossRef]

31. Jouneau, S.; Ricard, J.D.; Seguin-Givelet, A.; Bigé, N.; Contou, D.; Desmettre, T.; Hugenschmitt, D.; Kepka, S.; Le Gloan, K.;
Maitre, B.; et al. SPLF/SMFU/SRLF/SFAR/SFCTCV Guidelines for the management of patients with primary spontaneous
pneumothorax. Ann. Intensive Care 2023, 13, 1–25. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.acra.2018.01.003
https://doi.org/10.1016/j.crad.2014.02.006
https://doi.org/10.1016/j.acra.2016.05.013
https://doi.org/10.21037/qims-22-1362
https://doi.org/10.1177/0284185117726099
https://doi.org/10.1002/mp.15355
https://www.ncbi.nlm.nih.gov/pubmed/34796532
https://doi.org/10.1155/2020/6046501
https://www.ncbi.nlm.nih.gov/pubmed/32733946
https://doi.org/10.1371/journal.pone.0155722
https://www.ncbi.nlm.nih.gov/pubmed/27203720
https://doi.org/10.2214/AJR.16.16082
https://www.ncbi.nlm.nih.gov/pubmed/27726409
https://doi.org/10.1093/rpd/ncaa007
https://www.ncbi.nlm.nih.gov/pubmed/32043128
https://doi.org/10.1016/j.ejrad.2016.06.024
https://www.ncbi.nlm.nih.gov/pubmed/27501900
https://doi.org/10.3390/cancers14205016
https://www.ncbi.nlm.nih.gov/pubmed/36291800
https://doi.org/10.1016/j.ijsu.2018.01.014
https://doi.org/10.1186/s13613-023-01181-2

	Introduction 
	Material and Methods 
	General Information 
	Scanning Parameters 
	Computed Tomography-Guided Hook Wire Localization Procedure 
	Data Collection 
	Subjective Imaging Quality Evaluation 
	Statistical Analysis 

	Results 
	Demographics and Baseline Nodule Characteristics 
	Localization Procedure-Related Parameters 
	Evaluation of Nodule Identification Performance 
	Evaluation of Image Quality 
	Radiation Dose 

	Discussion 
	Conclusions 
	References

