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HWL were randomly assigned to standard dose CT (Group A: n = 44; reference
110 kV and 50 mA) or ultralow dose CT (Group B: n =44; 1905 kV and 96 mA)
protocols. The technical success rate, complications, subjective image quality, and
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Accepted: 29 March 2019. Results: The mean volume CT dose index and total dose-length product were
significantly lower in Group B compared to Group A (0.32 mGy vs. 3.2 +

doi: 10.1111/1759-7714.13075 1.1 mGy and 12.1 £+ 0.97 mGy-cm vs. 120 + 40.6 mGy-cm; P < 0.001). The

effective dose in Group B was significantly lower than in Group A (0.17 %
0.01 mSv vs. 1.68 £ 0.57 mSv, -89.8%; P < 0.001). The technical success rates
were 100% for both groups. There were no significant differences in complication
rates between the protocols (P > 0.05). The image quality of ultralow dose CT
met the requirements for HWL procedure.

Conclusion: Ultralow dose CT-guided HWL of solitary pulmonary nodules per-
formed at '°°Sn kVp spectral shaping significantly reduced the radiation dose
compared to standard dose CT, with high technical success and acceptable
patient safety.
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Introduction radiation dose in clinical procedures.' The United States
Food and Drug Administration has established an initiative
to reduce unnecessary radiation exposure from medical
imaging.?

Various effective measures have been adopted to mini-
mize dose exposure, including lowering the tube potential

Computed tomography (CT) has become an essential pro-
tocol for the evaluation of pulmonary lesions because of its
high spatial and inherent contrast resolution of the lung
parenchyma. Patients with malignancy will usually
undergo several CT scans for follow-up, which may result
in considerable radiation dose accumulation. Many studies
have reported the potential adverse biological effects of plane shielding, and iterative image reconstruction.”” The

and current, automated exposure control, selective in-

ionizing radiation to the human body, such as cancer risk. development of CT hardware and software has led to the
Based on the “as low as reasonably achievable” (ALARA) introduction of the third-generation dual-source CT with
principle, patients should receive the lowest achievable a built-in tin filter for spectral shaping. Tin filter-based
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spectral shaping aims to remove the less dose-efficient
low-energy photons that predominantly contribute to
patient exposure, and does not cause noticeable compro-
mises in image quality.® Michael et al. reported that the
third-generation CT scanner at 100 kVp with tin filtration
(*Sn kVp) has high sensitivity for the detection of pul-
monary nodules and allows for drastic dose reduction at
exposure levels comparable to plain film chest X-rays.”
The mean effective radiation dose in their study was only
0.13 mSv. Moreover, ultralow dose CT protocol has been
successfully applied in CT-guided interventional proce-
dures (e.g. chest biopsy), with high diagnostic accuracy
and safety.®’

Hook-wire localization (HWL) is currently the most
commonly used technique for small lung nodule localiza-
tion prior to video-assisted thoracoscopic surgery
(VATS)."*"! Presurgical localization of unpalpable nodules
can precisely guide surgeons, whereas repetitive CT scan-
ning was previously necessary. The procedure-related radi-
ation dose should be taken into account and should be as
low as reasonably achievable;'> however, relatively few
studies have described the use of ultralow or low dose CT
protocols for CT-guided HWL.

Thus, the purpose of this study was to prospectively
investigate the efficacy and radiation dose of ultralow dose
CT-guided HWL for small solitary pulmonary nodules
(SPNs) at '%°Sn kV with spectral shaping using a third-
generation dual-source CT compared to standard dose CT
protocol. We hypothesized that the technical success rates
of CT-guided HWL would not be significantly altered by
radically lowering the CT dose with the use of the ultralow
dose protocol.

Methods

Patients

The institutional review board approved this study and
written informed consent was obtained from all patients
after detailed explanation of the procedure. Eighty-eight
consecutive patients who were referred to our department
from August 2016 to February 2019 for HWL prior to
VATS were included. The indication for CT-guided HWL
was patients with suspected malignant SPNs. The exclusion
criteria were: severe emphysema, advanced interstitial pul-
monary disease, refractory coagulation dysfunction, posi-
tive pressure ventilation, cardiac insufficiency, pleuritis,
and a lesion located close to the mediastinal great vessels.
Patients with a body mass index (BMI) of > 30 kg/m” were
also excluded.

The 88 patients with 88 SPNs were randomly assigned
to either standard dose CT (Group A: reference 110 kV
and 50mA, n = 44) or ultralow dose CT (Group B: 100Gy
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kV and fixed 96 mA, n =44) protocols. Randomization
was performed by computer-generated assignment. Group
A included 19 men and 25 women at a mean age of
58.8 & 8.8 years. Group B included 20 men and 24 women
at a mean age 57.3 & 9.8 years. The characteristics of the
target SPNs (nodule size, location, type, and distance from
pleura to target lesion) were recorded. All nodules were
classified as ground glass nodules (GGNs) or solid nodules
(SNs). The patient and nodule characteristics of the groups
are summarized in Table 1.

Computed tomography scanning protocol

A third-generation dual-source CT scanner (Somatom
Force, Siemens Healthcare, Munich, Germany) was
employed in this study. A collimation of 88 x 0.6 mm and
a slice acquisition of 192 x 0.6 mm by means of a z-flying
focal spot were used. The gantry rotation time was
0.5 seconds at a pitch of 1.2. The scan area was limited to
the lesion area using inspiratory breath hold to decrease
unnecessary dose exposure. Patients were placed in a
supine, prone, or decubitus position depending on the
location of the lesions. Intravenous access was obtained.

The scanning parameters for the standard dose CT pro-
tocol (Group A) were as follows: 110 reference kV and
50 reference mA using automated tube current modulation
and automated tube potential selection (CARE kV; Sie-
mens Healthcare). The scanning parameters for the ultra-
low-dose CT protocol (Group B) were as follows: a fixed
tube potential of 100 kV with a fixed tube current-time
product of 96 mA and a dedicated 0.6 mm tin filter placed
immediately after the X-ray source, resulting in a volume
CT dose index of 0.32 mGy. All images from both groups
were reconstructed with advanced model-based iterative
reconstruction (ADMIRE), as described in detail in a
recent study'’ at a strength level of 5 using a slice thickness
of 4 mm with an increment of 1.0 mm. Reconstructions
using a dedicated lung convolution kernel (BI57) and a soft
tissue convolution kernel (Br36) were generated. The
reconstructed field of view was 400 x 400 mm?®. The image
matrix was 512 x 512 pixels.

The volume CT dose index (CTDI,,) and the dose-
length product (DLP) per scan were obtained from the
patient dose report. The effective dose (ED) was calculated
by multiplying the total DLP by the conversion factor
(0.014mSv/mGy-cm)."

Hook-wire localization (HWL)

One radiologist performed all procedures. The senior radi-
ologist and a thoracic surgeon carefully reviewed the recent
chest CT images in order to determine the appropriate
puncture route and body position for hook-wire
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Table 1 Patient and nodule characteristics

Characteristics Group A(n=44) GroupB(n=44) P
Male/Female 19/25 20/24 0.83
Age (years) 58.8 £8.8 57.3+938 0.43

21 (47.7%)
15 (34.1%)

24 (54.5%) 0.52
13 (29.5%) 0.65

Smoking history
Mild-moderate emphysema

BMI (kg/m?) 26.1 £ 1.31 257+18 024

Nodule size (cm) 1.34 £ 0.52 1.45 £ 0.40 0.29
<1 9 (20.5%) 5(11.4%)
1-2 28 (63.6%) 33 (75.0%)
>2 7 (15.9%) 6 (13.6%)

Nodule location 0.82
Upper and middle 29 (65.9%) 30 (68.2%)
Lower 15 (34.1%) 14 (31.8%)

Nodule feature 0.62
GGN 34 (77.3%) 32 (72.7%)
SN 10 (23.7%) 12 (27.3%)

Position 0.73
Supine 24 (54.5%) 21 (47.7%)
Prone 16 (36.4%) 17 (38.6%)
Decubitus 4(9.1%) 6(13.7%)

Nodule distance to pleural 116 £6.9 984 +7.4 0.28

surface (mm)

Nodule distance to 0.52
hook-wire (mm)
Intra-nodular
2-10 mm

HWL duration (minutes)

VATS duration (minutes)

HWL complications
Minor pneumothorax 11 (25.0%) 13 (29.5%) 0.63
Hemorrhage 10 (22.7%) 9(20.5%) 0.79
Dislodgement 0 0

21 (47.7%)
23(52.3%)
196 +43
495+ 134

18 (40.9%)
26 (59.1%)
214 £58 0.11
47.6 £9.1 0.45

BMI, body mass index; GGN, ground-glass nodule; HWL, hook-wire
localization; SN, solid nodule; VATS, video-assisted thoracoscopic

surgery.

placement. A 20 G hook-wire system (Argon Medical
Devices, Frisco, TX, USA) was employed to locate all SPNs.
The hook-wire is commonly used for breast surgery, but
has also been successfully applied in pulmonary nodule
localization.

During the procedure, the first chest CT scan was used
to determine the optimal puncture site, angle, and depth.
The puncture route should avoid traversing important
vessels, including the internal mammary, axillary, sub-
clavian, intercostal vessel, and pulmonary vessels. The
bulla and interlobar fissure should also be avoided to
prevent pneumothorax. After local anesthesia of the
puncture route with 2% lidocaine, the introducer of the
hook-wire system was inserted into the chest wall with
the tip close to the parietal pleura. After verification of
the plane and angulation, the introducer was advanced
into the lung parenchyma to reach the lesion but not
into the lesion to avoid tumor seeding via a puncture
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tract. The hook-wire was then released via the intro-
ducer. A final chest CT scan was performed to confirm
the position of the hook-wire relative to the nodule and
identify any postprocedural complications. The tail of
the hook-wire was cut near the skin surface and allowed
to withdraw into the chest when the lung collapsed dur-
ing VATS. The HWL procedure time and complications
were recorded.

Video-assisted thoracoscopic
surgery (VATS)

In all cases, VATS was performed within 1.5 hours after
hook-wire placement. Wedge resection of the lesion area
was conducted using a stapler device according to the
hook-wire localization. After resection, an experienced
pathologist examined intraoperative frozen sections. When
a frozen specimen revealed lung cancer, if physiologically
feasible, lobectomy with mediastinal lymph node dis-
section was performed via VATS. When a lesion was diag-
nosed as benign or a metastatic carcinoma, no further
surgery was necessary. The specimens were also prepared
for postoperative histological examination. The VATS pro-
cedural time was recorded.

Subjective image quality

Two interventional radiologists assessed the overall image
quality, including the visual region of interest in target
lesions and the sharpness of vessels in the proposed nee-
dle pathway. A five-point scoring system was used to
grade overall image quality: 1 = unacceptable/non-
interventional (poor definition of lesion and access);
2 = poor (borderline adequate lesion visualization, but
inadequate visualization of safe access, needle tip, or tar-
get area); 3 = adequate (adequate definition of lesion,
access, and needle tip; slight impact of image noise, suffi-
cient for HWL); 4 = good (good visualization of lesion,
access, and needle tip; minimal image noise); and
5 = excellent (excellent definition of lesion, access, and
needle tip). Patients with scans with a quality score of 3-5
were considered eligible for HWL.

Statistical analysis

Statistical analyses were performed using SPSS version
15.0. A two-sided P value of < 0.05 was considered statisti-
cally significant. Continuous variables were expressed as
mean = standard deviation (SD). Student’s ¢t and Pearson
X tests were used to analyze continuous and categorical
variables between the groups, respectively.
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Results

Baseline characteristics

Patient and nodule characteristics are summarized in
Table 1. There were no significant differences in mean age
(P=043), gender distribution (P=0.83), or BMI
(P = 0.24) between the groups. The mean sizes of the SPNs
were 1.34 &+ 0.52 cm in Group A and 1.45 £ 0.40 cm in
Group B (P =0.29). The SPNs consisted of 77.3% GGNs
and 23.7% solid nodules in Group A, and 72.7% GGNs
and 27.3% solid nodules in Group B (P = 0.62). Lesion
location, pleural-to-lesion depth, and patient position dur-
ing HWL did not differ significantly between the groups
(all P > 0.05).

HWL procedure

Technical success was achieved in all 88 patients during
HWL (Fig 1). The HWL duration was not significantly dif-
ferent between the groups (P = 0.11) (Table 1). In Group A,
the hook wire directly penetrated the nodule in 21 cases,
while in the other 23 cases, the hook wire passed alongside
the nodule < 1.0 cm from the lesion margin. In Group B,
the hook wire directly penetrated the nodule in 18 cases,
while in the other 26 cases, the hook wire passed alongside
the nodule < 1.0 cm from the lesion margin. In terms of
complications, minor asymptomatic pneumothorax was
observed in 11 patients (25%) in Group A compared to
13 patients (29.5%) in Group B (P = 0.63). Pneumothorax
frequently occurs in patients with emphysema (P = 0.01).
Limited focal pulmonary hemorrhage along the puncture
tract was observed in 10 cases (22.7%) in Group A com-
pared to 9 (20.5%) cases in Group B (P = 0.79). No other
significant complications occurred.

A

Ultralow dose CT for HWL

VATS

All of the target SPNs were accurately positioned and
resected under VATS without requiring conversion to open
thoracotomy. The median VATS duration in Groups A
and B were 49.5 4+ 13.4 and 47.6 + 9.1 minutes (P = 0.45),
respectively. Seventeen wedge resections and 27 lobectomies
were performed in Group A; 15 wedge resections and
29 lobectomies were performed in Group B. Six patients in
Group A and five in Group B with primary lung cancer
underwent wedge resection because of poor cardiopulmo-
nary function. No hook-wire dislodgement occurred in
either group. The final pathological diagnoses of all
88 lesions are reported in Table 2.

Subjective image quality

Subjective image quality of the ultralow dose CT protocol
was rated lower compared to the standard dose CT proto-
col by both readers (3.68 & 0.6 vs. 4.3 £ 0.7; P < 0.001).
No examination was rated non-interventional for HWL

(grade 1).

Radiation dose

The mean overall longitudinal scan length in Group B was
a little longer than that in Group A (37.7 £3.0 cm
vs. 36.9 £ 2.6 cm; P = 0.26). Compared to Group A, Group
B had significantly lower CTDI,,; (0.32 mGy vs. 3.2 £ 1.1
mGy; P <0.001), mean total DLP (12.1 £ 0.97 mGy-cm

vs. 120 £40.6 mGy-cm; P<0.001), and ED

(0.17 4= 0.01mSv vs. 1.68 & 0.57 mSv; P < 0.001) (Table 3).
The radiation ED in Group B decreased by 89.8% com-
pared to Group A.

Figure 1 Computed tomography-guided hook-wire localization by two protocols. (a) Standard dose protocol: axial image shows successful hook-
wire placement into a pulmonary nodule in the right lower lobe of a 48-year woman. Asymptomatic minor pneumothorax was observed.
(b) Ultralow dose protocol: axial image shows successful hook-wire placement into a pulmonary nodule in the right upper lobe of a 58-year woman.
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Table 2 Histopathologic results

Variables Group A (n = 44) Group B (n = 44)
Malignancy 36 (81.8%) 39 (88.6%)
Adenocarcinoma 28 31
AlS 2 3
MIA 8
1A 18 23
Squamous cell carcinoma 3 2
Small cell lung carcinoma 2 1
Metastasis 3 5
Benign 8(18.2%) 5(11.4%)
Focal inflammation 5 3
Fibrosis 1 1
Tuberculosis 2 1

AlS, adenocarcinoma in situ; IA, invasive adenocarcinoma; MIA, mini-
mally invasive adenocarcinoma.

Discussion

Our study is the first to investigate the feasibility of ultra-
low dose CT-guided HWL in SPNs with additional harden-
ing of a 100 kV source spectrum by a 0.6 mm tin filter.
Forty-four patients who underwent standard dose and
44 patients who underwent ultralow dose CT protocol were
compared. Our preliminary results suggest that although
the ultralow dose CT image quality was lower, it was com-
parable to standard dose CT in terms of both HWL tech-
nique success and safety. Moreover, the radiation ED in
the ultralow dose CT group radically decreased by 89.8%
compared to that of the standard dose group.

Various preoperative localization methods have been
developed to identify small pulmonary nodules that cannot
be palpated or visualized during VATS surgery, which dra-
matically reduces the thoracotomy conversion rate. The
reported methods include hook-wire, dye localization,
microcoil and fiducial markers, contrast medium injection
(e.g. barium sulfate and lipiodol), radiotracer, electromag-
netic navigation bronchoscopy, and intraoperative ultraso-
nography.”” Among these methods, CT-guided HWL is the
most commonly used method, with a high technique suc-
cess rate, low thoracotomy conversion rate, and few post-
operative complications. Recently, a modified hook-wire
placement technique was successfully applied to locate

Table 3 Radiation dose parameters and subjective image quality

Parameters Group A Group B P

Total scan length (cm) 369+26 37.7 £ 3.0 0.26
CTDlyo (MGY) 32411 0.32 < 0.001
Total DLP (mGy-cm) 120 £ 40.6 12.1 £ 0.97 < 0.001
ED (mSv) 1.68 + 0.57 0.17 £ 0.01 < 0.001
Subjective image quality 431 +0.7 3.68 + 0.6 < 0.001

CTDlyo, volume CT dose index; DLP, dose-length product; ED, effec-
tive dose.
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multiple pulmonary nodules.'® The mean success rate of
HWL is reported as 0.98 (95% confidence interval
0.97-0.99).'” In our case, the success rate was 100%, which
was consistent with the rate reported by Gruber-Rouh
et al."® Dislodgement is a major disadvantage of the HWL
procedure. The hook-wire dislodgement rate is reported as
0-6.9%. Klinkenberg et al. reported one case (0.7%) and
Chen et al. reported two cases (4.9%) of dislodgement in
their studies.'®® As discussed in our former study, many
effective measures are taken to prevent dislodgement.' In
terms of other complications, pneumothorax is the most
common,”® with a reported incidence of 7.5-40%." In our
cohort, asymptomatic minimal pneumothorax in
24 patients (27.3%) did not require further intervention.
Lung parenchyma hemorrhage was observed in 19 (21.6%)
patients, which is consistent with the reported rate of
13.9-36% in the literature.”” The incidence of above-
mentioned complications did not differ between the groups
(all P> 0.05).

CT-guided intervention, such as biopsy, drainage, and
thermal ablation, may be a significant source of radiation
exposure in certain patients.”’ Interventionists should
adhere to the ALARA principle during such procedures.
Researchers have attempted to reduce radiation doses dur-
ing CT-guided interventional procedures,'>*' mainly focus-
ing on the optimization of tube current and voltage.”> To
the best of our knowledge, there is no literature regarding
low-dose CT protocol in the HWL procedure. In most
HWL studies, the radiation dose has not been reported.
Gruber-Rouh et al. used 120 kV and 30 mA in their CT
protocol to locate pulmonary metastasis by HWL, resulting
in a total mean DLP of 336 mGy-cm."® Iguchi et al. used
120 kV and 20 mA in their CT fluoroscopy for HWL.*
Our study is the first to use ultralow dose CT protocol dur-
ing the HWL procedure, and our results suggest the feasi-
bility of ultralow dose protocol in HWL, with high
technical success.

Moreover, low-dose CT protocols have shown the signif-
icant benefit of radiation dose reduction in CT-guided per-
cutaneous transthoracic core needle biopsy (PTNB).***%°
Use of low tube voltage (80-100 kV) protocol and low tube
current (7.5 mA, 20 mA, 25 mA reference) (P < 0.001) is
reported to significantly reduce mean DLP and ED. We
used ultralow dose CT protocol (1%°Sn kV and 70 mA) for
PCNB in our previous study and observed a dramatic
reduction of ED of 92.1%." Considering that the hook wire
is thinner than the biopsy needle (20 G vs. 17 G), we
increased the tube current to 96 mA to ensure better image
quality. HWL is very similar to the PTNB procedure, both
of which use CT images to guide the needle tract to locate
pulmonary lesions. The image quality required for diagnos-
tic purposes is not as high as that required for conven-
tional chest CT. In this study, the marked reduction in
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radiation dose (ED 89.8%) was achievable using spectral
shaping on a third-generation dual-source CT scanner.
The ultralow dose CT at '%°Sn kV allowed for an image
quality adequate for HWL without decreasing the technical
success rate or patient safety.

Our study has several limitations. First, our cohort was
relatively small; therefore our results need to be confirmed
by further studies with larger patient samples. Second,
although subjective assessment of the overall image quality
of the two protocols was performed in a randomized order,
it must be acknowledged that readers might have recog-
nized the different protocols because of their slightly differ-
ent image appearance. Third, obesity is a known source of
impaired quality in CT and increased image noise®® which
may affect the sensitivity and accuracy of procedures. Only
patients with a BMI of < 30 kg/m2 were included in the
study. Future studies may address the use of spectral shap-
ing in obese patients (BMI > 30 kg/m?) to further evaluate
the ultralow dose CT protocol. Furthermore, only limited
numbers of small GGNs < 1.0 cm were included. Concerns
regarding the detectability of these GGNs during HWL
should be further elucidated in future studies.

In conclusion, the use of ultralow dose CT protocol dur-
ing CT-guided HWL of SPNs significantly reduced the
radiation dose by 89.8%. Ultralow dose CT is an effective
alternative to standard dose CT, with satisfactory technical
success and patient safety.
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