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Abstract
Background: Computed tomography (CT)-guided transthoracic biopsy is essential for diagnosing pulmonary lesions but
exposes patients to considerable radiation from repeated image acquisitions. With the growing emphasis on radiation
safety, applying validated low-dose CT protocols to interventional procedures has become a key clinical priority.
Purpose: To assess the feasibility, safety, diagnostic yield, and radiation dose of low-dose computed tomography-guided
transthoracic biopsies using an 80 kVp protocol compared with standard 120 kVp protocols.
Methods: A retrospective review was performed on 183 consecutive computed tomography-guided transthoracic bi-
opsies of lung nodules or masses, including 143 procedures with the standard 120 kVp protocol and 40 procedures with a
low-dose 80 kVp protocol at 30 mAs. Procedural characteristics, image quality, histopathological adequacy, radiation
exposure, and complications were analyzed. Both subjective and objective image quality assessments, including signal-to-
noise and contrast-to-noise ratios, and cellular analyses of specimens were compared.
Results: The low-dose protocol reduced mean effective radiation dose from 5.89 ± 2.88 millisieverts to 0.19 ±
0.06 millisieverts, a 96.8% reduction. Biopsy specimen adequacy was 85% in the low-dose group versus 79% in the standard-
dose group. Complication rates were comparable, 45% versus 43.4%. Subjective image quality was lower in the low-dose
group, but objective signal-to-noise and contrast-to-noise ratios remained sufficient for accurate diagnosis.
Conclusion: Computed tomography-guided transthoracic biopsies with an 80 kVp and 30 mAs protocol significantly
reduce radiation exposure without compromising diagnostic yield or safety. This low-dose approach is a viable alternative
to conventional protocols and can be adopted in routine interventional radiology practice.

Keywords
CT-guided biopsy, low-dose protocol, radiation reduction, lung nodule, diagnostic yield

Received 5 November 2025; accepted 15 December 2025

1Health Practice and Research Hospital, Department of Radiology, Balikesir University Faculty of Medicine, Balikesir, Turkey
2University of Health Sciences, Ankara, Turkey
3Faculty of Medicine, Department of Internal Medical Sciences, Division of Radiology, Bolu Abant Izzet Baysal University, Bolu, Turkey
4Faculty of Medicine, Department of Surgical Medical Sciences, Division of Pathology, Bolu Abant Izzet Baysal University, Bolu, Turkey
5Faculty of Medicine, Department of Basic Medical Sciences, Division of Biostatistics and Medical Informatics, Bolu Abant Izzet Baysal University, Bolu,
Turkey

Corresponding author:
Adil Aytaç, Health Practice and Research Hospital, Department of Radiology, Balikesir University Faculty of Medicine, Paşaalanı neighborhood 246.
street no. 9 apartment 7 Karesi/Balıkesir, 10010, Turkey.
Email: dradilaytac@gmail.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the

SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/20584601251412850
https://journals.sagepub.com/home/arr
https://orcid.org/0000-0003-3347-5830
https://orcid.org/0000-0001-7293-2059
mailto:dradilaytac@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
http://crossmark.crossref.org/dialog/?doi=10.1177%2F20584601251412850&domain=pdf&date_stamp=2025-12-24


Introduction

Several studies have demonstrated the feasibility of reduced
tube voltage in diagnostic chest CT; however, evidence
regarding the use of low tube voltage protocols (<100 kVp)
in CT-guided transthoracic biopsy remains limited.1 CT-
guided transthoracic biopsy, while diagnostically reliable,
involves multiple CT acquisitions during patient position-
ing, needle advancement, and confirmation, increasing ra-
diation exposure for both patients and interventional team.1

This is particularly relevant in oncology patients, who may
undergo repeated CT examinations for staging and follow-
up, leading to a considerable cumulative dose over time.2

Strategies to reduce dose include lowering tube voltage or
current, shortening scan time, and employing iterative re-
construction algorithms.1,3 Despite methodological het-
erogeneity, previous analyses have shown that these
approaches can reduce radiation dose by up to 90%.2,3 The
purpose of this study was to evaluate the feasibility of an
low-dose 80 kVp protocol for CT-guided transthoracic lung
biopsy and to compare its safety, diagnostic yield, and
radiation dose with the conventional 120 kVp protocol.

Materials and methods

This retrospective study was approved by the Bolu Abant
Izzet Baysal University Clinical Research Ethics Committee
(Decision No.: 2020/197; Date: 25 August 2020). Written
informed consent regarding the biopsy procedure was ob-
tained from all patients prior to the intervention.

Patient selection

We reviewed 183 consecutive CT-guided biopsies of lung
nodules or masses: 143 performed with a standard 120 kVp
protocol (Nov 2017–Oct 2019, control group) and 40 per-
formed with an 80 kVp low-dose protocol (Nov 2019–July
2020, study group). Patients with pulmonary nodules
measuring ≥1 cm on procedural CT or masses identified on
prior CT or PET-CT were included in the study.
Nodules <1 cm were not biopsied in our institution because
such small lesions present significant technical challenges
for accurate needle targeting, are associated with a sub-
stantially higher risk of non-diagnostic sampling, and may
carry an increased complication risk. For this reason, pa-
tients with nodules <1 cm are managed in our clinical
practice through alternative strategies such as radiological
surveillance or less invasive diagnostic modalities rather
than CT-guided transthoracic biopsy. 143 patients in the
control group and 40 patients in the study group were
obtained. Exclusion criteria included missing PACS images
or histopathology specimens, resulting in 32 excluded ca-
ses. Demographics, smoking history, lesion characteristics,
and histopathological data were collected and analyzed.

The mean age of patients was 65.60 ± 8.49 years in the
study group and 63.72 ± 12.54 years in the control group,
with no statistically significant difference observed between
the groups (p = .273). Gender distribution was also similar,
with the study group consisting of four women (10%) and
36 men (90%), and the control group including 27 women
(18.9%) and 116 men (81.1%) (p = .237). Among all
evaluated patients, 137 (74.8%) were smokers. The average
smoking history was comparable between the control group
(37.87 ± 35.79 pack-years) and the study group (38.65 ±
25.66 pack-years), showing no statistically significant dif-
ference (p = .458).

CT protocol and biopsy technique

Due to ongoing departmental efforts to reduce radiation
dose in diagnostic thoracic imaging, we implemented a low-
dose protocol for CT-guided transthoracic biopsies to
systematically evaluate its impact on image quality, radi-
ation exposure, and diagnostic yield. All procedures per-
formed after November 2019 followed this low-dose
protocol; no selective case inclusion was applied, ensuring
that potential selection bias was minimized. CT-guided
transthoracic lung biopsies were performed using a 64-
detector CT scanner (GE Revolution Evo, June 2017,
China). In the control group, the manufacturer’s standard
protocol was used, which included a tube voltage of 120 kV,
tube current modulation (225–560 mAs), a rotation time of
0.5 seconds, and a slice thickness of 5 mm. In the study
group, the low-dose protocol utilized an 80 kV tube voltage,
a fixed tube current of 30 mAs, a rotation time of 0.5 sec-
onds, and a slice thickness of 5 mm. Iterative reconstruction
techniques were applied to compensate for increased image
noise in the low-dose acquisitions. For each patient, the
target lesion location was already known from prior diag-
nostic CT or PET-CT examinations. Therefore, pre-
procedural and intra-procedural CT imaging was not per-
formed as a whole-lung acquisition. Instead, an initial
limited, non-contrast scan was obtained over the anatomical
region containing the lesion, ensuring inclusion of the entire
lesion margins without unnecessarily extending the scan
range. The biopsy was then performed with intermittent,
focused CT acquisitions restricted to the lesion-containing
volume to guide needle advancement while minimizing
radiation exposure.

Following tissue sampling, a whole-lung non-contrast
CT scan was performed in all patients to evaluate for
procedure-related complications, including pneumothorax,
pulmonary hemorrhage, or air embolism. The complication
follow-up was performed using a posteroanterior chest
X-ray (PAAC) 4 to 6 hours after the procedure, instead of a
subsequent CT scan. The radiation dose from this follow-up
PAAC examination was not included in the reported DLP
and effective dose calculations, which solely represent the
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dose of the CT-guided biopsy procedure itself. All proce-
dures were performed by two interventional radiologists
(KG and YY), with approximately 15 and 12 years of in-
terventional radiology experience, respectively. Details of
CT acquisition parameters and biopsy procedure are sum-
marized in Table 1.

Data collection

Procedural data were collected, including procedure dura-
tion, number of scans performed during and after the
procedure, lesion size (Group 1: 1–2 cm, Group 2: 2.1–
5 cm, and Group 3: ≥ 5.1 cm), lesion location (central-hilar,
peripheral, and extraparenchymal), pleura-to lesion depth
(Group 1: 0.1–2 cm, Group 2: 2.1–4 cm, and Group 3: ≥
4.1 cm), hilus-to-lesion depth (Group 1: 0.1–2 cm, Group 2:
2.1–4 cm, and Group 3: ≥ 4.1 cm), lesion type (subsolid
nodule, solid nodule, and mass), patient positioning on the
CT table (supine, prone, or lateral decubitus), needle entry
angle relative to the pleura (Group 1: 0–30°, Group 2: 31–

60°, and Group 3: 61–90°), and pleural passes. These data
were retrieved from the hospital’s information module
system and PACS archive.

Subjective image quality evaluation

Subjective image quality was evaluated using a 5-point
Likert scale with predefined anchors to ensure reproduc-
ibility: 1 = non-diagnostic image quality with insufficient
visualization of both the lesion and needle track; 2 = poor
image quality that allows limited visualization of the lesion
but inadequate visualization of the needle track; 3 = mar-
ginal but diagnostically usable image quality for both the
lesion and needle track; 4 = adequate-to-good diagnostic
image quality for both the lesion and needle track; and 5 =
excellent and fully diagnostic image quality with clear
delineation of both the lesion and needle track.

The image quality was subjectively assessed by the two
interventional radiologists performing the procedure, as
shown in Table 2, with the aim of evaluating the clarity of

Table 1. CT protocol and biopsy technique details.

Category Control group (120 kVp) Study group (80 kVp, low-dose)

CT scanner 64-detector CT scanner, GE Revolution Evo (June 2017,
China)

64-detector CT scanner, GE Revolution Evo (June 2017,
China)

Tube voltage
(kVp)

120 80

Tube current
(mAs)

Modulated, 225–560 Fixed, 30

Rotation time (s) 0.5 0.5
Slice thickness
(mm)

5 5

Noise reduction Standard filtered back projection Iterative reconstruction applied
Case selection Retrospective cases (Nov 2017–Oct 2019) Retrospective cases (Nov 2019–July 2020)
Pre-procedure
imaging

Prior CT and/or PET-CT reviewed to evaluate lesion and
risk factors

Prior CT and/or PET-CT reviewed to evaluate lesion and
risk factors

Planning Determination of patient positioning, skin entry site,
needle trajectory (avoid critical structures, minimize
pleural traversal), selection of most cellular lesion area

Determination of patient positioning, skin entry site,
needle trajectory (avoid critical structures, minimize
pleural traversal), selection of most cellular lesion area

Skin preparation 10% povidone-iodine solution applied, entry site marked 10% povidone-iodine solution applied, entry site marked
Introducer
needle

17-G coaxial introducer (Angiotech, Co-Axial, PBN
Medicals, Denmark)

17-G coaxial introducer (Angiotech, Co-Axial, PBN
Medicals, Denmark)

Biopsy device 18-G automatic Tru-Cut biopsy needle (Angiotech Tru-
Core II, PBN Medicals, Denmark)

18-G automatic Tru-Cut biopsy needle (Angiotech Tru-
Core II, PBN Medicals, Denmark)

Number of
Samples(n)

Typically 2–3 Typically 2–3

Needle
verification

Intermittent CT imaging during advancement Intermittent CT imaging during advancement

Post-procedure
assessment

Non-contrast CT performed to evaluate complications Non-contrast CT performed to evaluate complications

Operators Two board-certified interventional radiologists (K.G.:
155 cases; Y.Y.: 28 cases)

Two board-certified interventional radiologists (K.G.:
155 cases; Y.Y.: 28 cases)

Abbreviations: CT = computed tomography, kVp = kilovolt peak, mAs = milliampere-seconds, mm = millimeter, s = seconds, G = gauge, PET = positron
emission tomography.
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lung lesions and needle tracks. Both radiologists were
blinded to the protocols used and the identities of the pa-
tients. Figure 1 shows the images obtained before and after
iterative reconstruction of one patient.

Objective image quality evaluation

Objective image quality was assessed by measuring mean
attenuation (HU) and noise (SD) in 1-cm ROIs placed in
standardized anatomical locations (lung parenchyma, ver-
tebral body, pectoral muscle, and axillary fat). SNR and
CNR were calculated according to established formulas
used in previous CT image quality studies.4,5 Figure 2
shows ROIs drawn in the lung parenchyma, pectoral
muscle, axillary adipose tissue, and vertebral body for
obtaining average and SD values used in objective image
analysis.

Pathological specimen evaluation

To further assess the diagnostic accuracy of the specimens,
pathological preparations of the biopsy specimens were re-
evaluated by a board-certified pathologist. The specimens
were categorized as diagnostically adequate or inadequate,
and benign and malignant etiologies were identified. Ma-
lignant cases were further classified into primary or meta-
static lung cancers. Subtyping of primary lung cancers was
performed. The microscopic biopsy samples were assessed
using a five-point scale,6 as presented in Table 3. Figure 3
presents the histopathological specimen images of four
patients from the study group.

Radiation dose evaluation

The radiation dose evaluation was based on dose-length
product (DLP) and CT dose index volume (CTDIvol)
values, which were automatically calculated by the CT
machine during the procedures and archived alongside the
images in the PACS. The effective radiation dose was
calculated by converting the DLP records using dose
conversion factors as recommended in the European
guidelines. Specifically, for 80 kVp, the conversion factors
were 0.0107 mSv/mGy-cm for men and 0.0188 mSv/mGy-

cm for women, while for 120 kVp, they were 0.0105 mSv/
mGy-cm for men and 0.0185 mSv/mGy-cm for women.7

Complication evaluation

Complications were categorized as major or minor based on
clinical severity and whether therapeutic intervention was
required, following the general severity framework of the
Society of Interventional Radiology (SIR).8 Major com-
plications were defined as pulmonary hemorrhage involving
more than one segment or associated with hemoptysis,
pneumothorax requiring thoracostomy, tension pneumo-
thorax, pneumothorax extending into the mediastinum or
deeper than 1.5 cm, and air embolism, lung torsion, or
cardiac tamponade. Minor complications were defined as
pulmonary hemorrhage involving less than one segment,
pneumothorax with a depth of less than 1.5 cm, vasovagal
reaction, and procedure-related pain. Although the SIR
system provides the overarching categorization of com-
plication severity, it does not offer procedure-specific
thresholds for pulmonary hemorrhage or pneumothorax.
Therefore, the detailed definitions used in this study were
developed by our team specifically for CT-guided lung
biopsy, by adapting commonly reported thresholds from
prior lung biopsy literature and integrating clinical judg-
ment relevant to our practice. All complication assessments,
including pulmonary hemorrhage severity and pneumo-
thorax depth measurements, were performed on the im-
mediate post-procedural whole-lung CT scan obtained after
tissue sampling. Post-procedural monitoring was carried out
using a posteroanterior chest X-ray (PAAC) obtained 4–
6 hours after the procedure, which was used solely for
clinical follow-up and not for complication severity grad-
ing. Complications encountered during and after the
transthoracic biopsy procedure are categorized as shown in
Table 4.

Statistical analysis

Quantitative variables were summarized as mean ± standard
deviation or median (minimum–maximum), while cate-
gorical data were presented as frequencies (percentages).
The Shapiro–Wilk test and histogram graphs were em-
ployed to evaluate the normality of data distribution.

Table 2. Subjective imaging scoring criteria are presented.

Subjective imaging score Subjective imaging criters

1 points Poor image quality for both the lesion and track
2 points Marginal image quality for the lesion and poor for the track
3 points Marginal image quality for both the lesion and track
4 points Adequate-to-good image quality for both the lesion and track
5 points Excellent image quality for both the lesion and track
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Variables following a normal distribution were compared
using one-way analysis of variance (ANOVA) or inde-
pendent t-tests, whereas non-normally distributed variables
were analyzed using Kruskal–Wallis and Mann–Whitney U
tests. Categorical variables were assessed using Pearson’s
chi-square test or Fisher’s exact test, depending on the
expected frequencies. Relationships between variables were
analyzed using Spearman’s correlation coefficient. Statis-
tical analysis was performed using SPSS version 25.0
(SPSS Inc., Chicago, Illinois, USA), with p-values less than
0.05 considered statistically significant.

Results

There was no statistically significant difference between the
control and study groups with respect to mean age, gender
distribution, smoking history, lesion location, hilum-to-lesion
distance, needle entry angle relative to the pleura, or the
number of pleural passes. Body mass index (BMI) was

significantly higher in the control group (p = .024). In contrast,
the proportion of 1–2 cm lesions (Group 1) was higher in
the low-dose group (p = .020). Similarly, pleura-to-lesion
distances greater than 4 cm (Group 3) were more frequent
in the low-dose group (p = .002). Pleura-to-lesion dis-
tances of 0.1–2 cm (Group 1) were more common in the
control group (p = .047). Furthermore, solid nodules and
masses were significantly more common in the control
group (both p < .001). The mean procedure duration was
significantly longer in the study group [24.7 ± 8.0 minutes
(median: 23.5)] compared with the control group [20.7 ±
7.4 minutes (median: 18)] (p < .001). Detailed results are
presented in Table 5.

No statistically significant correlations were identified
between BMI, procedure duration, lesion size (Group 1),
pleura-to-lesion depth (Groups 1 and 3), or lesion type
(solid nodule and mass) and either subjective image quality
scores or objective SNR and CNR measurements in any of
the evaluated locations (all p > .05) (Table 6). No

Figure 1. A 56-year-old patient undergoing CT-guided transthoracic biopsy with the low-dose protocol. Biopsy images obtained
without and with iterative reconstruction (IR) are presented. (a) Mediastinal window image acquired without IR. (b) Mediastinal
window image acquired with IR. (c) Lung parenchyma window image acquired without IR. (d) Lung parenchyma window image acquired
with IR.
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statistically significant differences in technical success or
complication rates were observed between operators with
different levels of experience (p > .05).

Subjective and objective image quality evaluation

Subjective image quality evaluations revealed notable
differences, with all control group patients scoring five,
while the study group had a mean score of 3.75 ± 0.54
(median: 4, range: 2–5), indicating significantly lower

scores (p < .001). Objective image quality assessments
demonstrated significantly higher SNR and CNR values in
the control group for some lung regions (p < .05). However,
the study group exhibited superior values in measurements
from the pectoral muscle and axillary regions (p < .05).

Radiation dose exposure

Radiation exposure was substantially reduced in the study
group, with mean DLP and effective radiation dose values
of 17.48 ± 5.49 mGy/cm and 0.19 ± 0.06 mSv, respectively,
compared to 487.90 ± 192.85 mGy/cm and 5.89 ± 2.88 mSv
in the control group, reflecting reductions of 96.2% and
96.8% (p < .05).

Histopathological evaluation

Histopathological evaluation revealed diagnostically ade-
quate specimens in 85% of the study group and 79% of the
control group, favoring the study group (p < .05). Cellular
analyses showed no significant differences between groups
in tumor cell ratios or other histological components, except
for inflammatory cells, which were more prominent in the
control group (p = .013).

Figure 2. Mean and standard deviation values derived from regions of interest (ROIs) placed in representative anatomical areas: (a) Lung
parenchyma. (b) Pectoral muscle. (c) Axillary adipose tissue. (d) Vertebral body.

Table 3. Scoring based on the cellular percentage in the
histopathological specimen is presented.

Pathology Percent Score

Tumor cells %0 0 points
Necrosis %1–24 1 points
Lung parenchyma %25–49 2 points
Fibrosis %50–74 3 points
Inflammation >%75 4 points
Anthracotic pigments
Benign infiltrations
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Complications

Complication rates were similar between groups, with
43.4% in the control group and 45% in the study group (p =
.853). Hemorrhage and pneumothorax were the most
common complications, with no significant differences in
major complications requiring thoracostomy (p = 1.00) or
minor complications (p = .908). The distribution of com-
plications according to groups is presented in Table 7.

Discussion

Our study demonstrates that an ultra-low-dose protocol can
be used for CT-guided transthoracic lung biopsy of pul-
monary nodules and masses with a very substantial re-
duction in radiation exposure, while preserving diagnostic

performance. Notably, this dose reduction did not result in
significant differences in complication rates, cellular ana-
lyses, tumor cell ratios, or other histological components
between the two groups. To our knowledge, this study
represents one of the first investigations into the safety and
diagnostic efficacy of CT-guided transthoracic biopsies of
lung nodules and/or masses procedures utilizing radiation
doses below 100 kVp, while maintaining diagnostic yield
and procedural success.

Subjective image quality scores were, as expected, lower
in the low-dose group than in the standard-dose
group. However, histopathological assessment demon-
strated diagnostically adequate specimens in 85% of the
study group and 79% of the control group (p < .05). This
difference may be attributed to the operators spending more
time targeting areas with higher cellular tissue

Figure 3. Pathological specimen images and cellular analysis of four patients from the study group using HEX100. (a) Small cell
carcinoma with a tumor score of 3 and fibrosis score of 2 (arrow: tumor; arrowhead: fibrosis). (b) Small cell carcinoma with a tumor
score of 2 (arrow: tumor). (c) Hepatocellular carcinoma metastasis with a tumor score of 4 (arrow: tumor). (d) Squamous cell
carcinoma with a tumor score of 3, fibrosis score of 3, and inflammation score of 1 (arrow: tumor).

Table 4. Presents the categorization of complications that may be encountered during the procedure.

Major complications Minor complications

Pulmonary hemorrhage affecting more than one segment or causing hemoptysis Pulmonary hemorrhage affecting less than one
segment

Pneumothorax requiring thoracostomy Pneumothorax with a depth of less than 1.5 cm
Tension pneumothorax Vasovagal reaction
Pneumothorax that leads to pneumomediastinum or is located at a depth greater
than 1.5 cm

Pain

Air embolism, lung torsion, and cardiac tamponade

Aytaç et al. 7



representation in the study group, potentially as a precaution
to mitigate the risk of diagnostic failure.

Procedure duration was modestly longer in the low-dose
group, whereas the number of CT acquisitions during the
procedure was similar between protocols. This extended
duration may be attributed to the additional time required for

iterative reconstruction, and operators required more time
for needle trajectory planning and confirmation due to re-
duced confidence in visualizing the needle track and lesion
borders. It is plausible that the lower image quality in the
low-dose group, resulting in reduced confidence in visu-
alizing the needle track and lesion borders, necessitated

Table 5. Demographics and baseline characteristics of patients undergoing CT-guided p ercutaneous transthoracic core needle biopsy
using 120 kVp versus 80 kVp.

Characteristics Control group (standard protocol, n = 143) Study group (low-dose protocol, n = 40) p value

Age (years) 63.7 ± 12.5 65.6 ± 8.5 0.273
Sex Male 116 and female 27 Male 36, female 4 0.237
Body mass index (kg/m2) 27.0 ± 4.9 25.1 ± 4.3 0.024
Smoking (pack/year) 7.9 ± 35.8 38.7 ± 25.7 0.458
Procedure duration (min) 20.7 ± 7.4; median 18 (11–52) 24.7 ± 8.0; median 23.5 (10–47) <0.001
Number of scans 6.2 ± 2.2; median 6 (3–16) 6.5 ± 2.2; median 6 (3–12) 0.296
Lesion size (cm)
Group 1 (1–2 cm) 22 (15.3%) 10 (25.0%) 0.020
Group 2 (2.1–5 cm) 83 (58.0%) 23 (57.5%) 0.164
Group 3 (≥5.1 cm) 38 (26.6%) 7 (17.5%) 0.301

Lesion location
Central-hilar 46 (32.1%) 12 (30.0%) 0.314
Peripheral 92 (64.3%) 24 (60.0%) 1.000
Extraparenchymal 5 (3.4%) 4 (10.0%) 0.109

Pleura-to-lesion depth (cm)
Group 1 (0.1–2 cm) 105 (73.4%) 18 (45.0%) 0.047
Group 2 (2.1–4 cm) 27 (18.8%) 11 (27.5%) <0.001
Group 3 (≥4.1 cm) 11 (7.6%) 11 (27.5%) 0.002

Hilus-to-lesion depth (cm)
Group 1 (0.1–2 cm) 70 (48.9%) 12 (30.0%) 0.303
Group 2 (2.1–4 cm) 32 (22.3%) 10 (25.0%) 0.065
Group 3 (≥4.1 cm) 41 (28.6%) 18 (45.0%) 0.120

Lesion type
Subsolid nodule 4 (2.7%) 3 (7.5%) 0.033
Solid nodule 29 (20.2%) 22 (55.0%) 0.196
Mass 110 (76.9%) 15 (37.5%) <0.001

Position
Supine 49 (34.2%) 9 (22.5%) 0.335
Prone 94 (65.7%) 31 (77.5%) 0.182
Decubitus 0 (0%) 0 (0%) 0.182

Needle entry angle relative to pleura
0–30° 23 (16.0%) 5 (12.5%) 0.291
31–60° 55 (38.4%) 10 (25.0%) 0.779
61–90° 60 (41.9%) 21 (52.5%) 0.175
Extraparenchymal 5 (3.4%) 4 (10.0%) 0.109

Pleural passes (n)
1 141 (98.6%) 39 (97.5%) 0.484
2 1 (0.6%) 1 (2.5%) 0.525
3 1 (0.6%) 0 (0%) 1.000

Data are presented as mean ± standard deviation (SD).
Mean ± SD or n (% of column).
aIndependent samples t-test
bPearson’s chi-square test
cMann–Whitney U test and Fisher’s exact test.
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slower needle advancement and ultimately prolonged the
overall procedure time.

Objective image quality analysis further clarified the
impact of the low-dose protocol. Signal-to-noise and
contrast-to-noise ratios were lower in several lung regions
with the 80 kVp protocol, consistent with increased image
noise at lower tube settings. Nevertheless, these reductions
did not impair diagnostic yield, indicating that SNR and
CNR remained within an acceptable range for safe needle
guidance. Interestingly, SNR and CNR measurements ob-
tained from the pectoral muscle and axillary fat were higher
in the low-dose group, suggesting that iterative recon-
struction combined with lower kVp may enhance contrast
perception for certain soft-tissue structures in the medias-
tinal window. In our review of the literature, we were unable
to find studies on CT-guided transthoracic biopsies of lung

nodules and/or masses using low-dose protocols that em-
ployed similar methods for objective image quality analysis.
As a result, we were unable to directly compare our SNR
and CNR measurement results with those in the existing
literature.

In the European Curriculum and Syllabus for Inter-
ventional Radiology, under the section titled “Recognition
and Reduction of Occupational Hazards,” the following
directive is emphasized: “Avoid unnecessary patient radi-
ation exposure in Interventional Radiology procedures.9

Take responsibility for applying the principles of justifi-
cation (risk/benefit assessment), optimization (including
ALARA), and the establishment of reference levels to
protect the patient from unnecessary radiation risks”10 .
Considering that a single chest CT scan is estimated to
deliver approximately 100 times the radiation dose of a

Table 6. Spearman’s correlation analysis between selected variables and subjective and objective image quality.

Variable
Subjective
score ρ/p

Lung
parenchyma
ρ/p (SNR) ρ/p (CNR)

Pectoral
muscle ρ/p
(SNR) ρ/p (CNR)

Axillary
fat ρ/p (SNR) ρ/p (CNR)

Vertebral
body ρ/p
(SNR) ρ/p (CNR)

BMI (kg/m2) �0.08/0.32 �0.05/– –/0.06 –/0.47 –/0.06 –/0.41 –/0.50 –/0.07 –/0.42
Procedure
duration (min)

�0.10/0.26 �0.07/– –/0.08 –/0.39 –/0.08 –/0.34 –/0.40 –/0.09 –/0.36

Lesion size,
Group 1

0.12/0.18 0.09/0.10 –/0.28 0.26/0.08 –/0.33 0.07/0.08 –/0.36 0.11/0.10 –/0.24

Pleura-to-lesion
depth, Group 1

�0.09/0.30 �0.06/– –/0.06 –/0.43 –/0.07 –/0.38 –/0.49 –/0.08 –/0.41

Pleura-to-lesion
depth, Group 3

�0.07/0.37 �0.08/– –/0.08 –/0.34 –/0.09 –/0.37 –/0.06 –/0.07 –/0.33

Lesion type:
Solid nodule

0.11/0.22 0.10/0.09 –/0.25 0.28/0.09 –/0.29 0.34/0.06 –/0.41 0.08/0.08 –/0.31

Lesion type:
Mass

�0.10/0.27 �0.07/– –/0.07 –/0.36 –/0.35 –/0.41 –/0.05 –/0.09 –/0.30

Data are presented as Spearman’s correlation coefficients (ρ) with corresponding p-values. SNR: signal-to-noise ratio, CNR: contrast-to-noise ratio, BMI:
body mass index.

Table 7. Distribution of complications by group.

Control group (n = 143) Study group (n = 40) p value

Complication (+) 62 18 0.853
Major complication 1.000
Only pulmonary hemorrhage 0 0 -
Only pneumothorax 7 2 1.000
Pulmonary hemorrhage and pneumothorax together 2 0 1.000
No major complications 134 38 1.000

Minor complication 0.908
Only pulmonary hemorrhage 34 11 0.68
Only pneumothorax 12 4 0.75
Pulmonary hemorrhage and pneumothorax together 7 2 1.000
No minor complications 90 23 0.58

n (% of column). Pearson’s chi-square test or Fisher’s exact test.
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standard chest X-ray, there is ongoing research aimed at
reducing radiation doses in diagnostic thoracic CT imaging.
As low-dose chest CT becomes more widely adopted in
routine clinical practice, it is essential that we also prepare
for its use in CT-guided transthoracic biopsies of lung
nodules and/or masses.11–13 According to the literature, the
highest effective dose reduction rates in CT-guided trans-
thoracic biopsies of lung nodules and/or masses using
varying kVp and mAs settings have been reported in studies
by Frisch et al. (92%) and Liang et al. (91.5%). In our study,
an ultra-low-dose protocol yielded a (96.8%) important
reduction in mean effective radiation dose, which, when
compared to the existing literature, represents one of the
highest dose reduction rates reported to date.14,15 The ob-
served significant reduction in effective radiation dose
exceeding 90% can be attributed to the logarithmic influ-
ence of tube voltage and the linear influence of tube current
on effective radiation dose.

Ameta-analysis that reviewed low-dose protocol studies,
reported pneumothorax rates of approximately 16.5%–

17.2% and pulmonary hemorrhage rates of 13.5%–14.8%.
The major complication rates observed in our study are
consistent with those reported in the literature.16

This concordance suggests that dose reduction per se
does not substantially alter the risk profile of the procedure.
Instead, traditional determinants of complication risk such
as pleura-to-lesion distance, lesion size and location, and
underlying lung parenchymal changes likely remain the
dominant factors. The preservation of a complication profile
comparable to the literature supports the feasibility and
safety of adopting low-dose protocols in appropriate
patients.

Histopathological analysis provided an additional per-
spective on the impact of low-dose imaging on tissue
sampling quality. We observed no significant differences
between the groups in tumor cell ratios, necrotic, fibrotic, or
lung parenchyma components, or anthracosis, indicating
that the low-dose protocol did not adversely affect the
quality of tissue cores obtained from malignant lesions. The
higher proportion of inflammatory cells in the control group
may be related to the small number of benign inflammatory
entities overall, rather than a systematic effect of dose level
on sampling. To our knowledge, no studies in the existing
literature evaluating CT-guided transthoracic biopsies of
lung nodules and/or masses with low-dose protocols have
performed cellular analysis on histopathological specimens.
Therefore, we recommend conducting prospective studies
with larger patient populations to assess the effectiveness of
the low-dose protocol in diagnosing benign pathologies
with a high density of inflammatory cells.

In our study, both subjective and objective image quality
assessments demonstrated a reduction that did not com-
promise the success of the biopsy procedure. However, this
decline may serve as an indirect indication that further

reductions in dose parameters—particularly below 80 kVp
and 30 mAs—could adversely affect image quality and
procedural performance in future studies. Lesion charac-
teristics had no measurable impact on subjective or ob-
jective image quality. Given that our cohort primarily
consisted of solid nodules and masses, the applicability of
this protocol to small or ground-glass lesions—where high
image quality is critical—remains uncertain. At our insti-
tution, this protocol has since been increasingly applied in
clinical practice, particularly for large masses and periph-
erally located solid nodules.

Limitations

The low-dose group included a small number of patients,
limiting the generalizability of the results. The retrospective
design prevented randomization and may have introduced
selection bias. Biopsies were performed by radiologists with
different levels of experience, which could lead to proce-
dural heterogeneity. Procedure duration was longer in the
low-dose group because the protocol required additional
reconstruction and planning steps, which affected workflow.
Complete blinding could not be achieved, and a second
anonymized randomized reading to assess intra-observer
variability could not be performed due to the operator-
dependent nature of CT-guided lung biopsy and the ab-
sence of a third interventional radiologist in our institution.
Additionally, the significantly higher BMI in the control
group may have influenced imaging characteristics and
procedural parameters, representing a potential confound-
ing factor and limiting the comparability of the two cohorts.
Future studies with BMI-balanced groups are needed to
address this issue. Finally, the study focused on solid
nodules and masses with malignant potential, so the ap-
plicability of the low-dose protocol to ground-glass lesions,
often associated with early-stage malignancies, remains to
be further explored.

Conclusion

Our results indicate that this low-dose protocol can be
successfully integrated into interventional radiology prac-
tice for solid nodules and masses, offering a viable alter-
native to conventional high-dose protocols. We believe that
our findings provide valuable insights into the development
and standardization of optimized low-dose protocols in
interventional radiology, paving the way for broader clinical
adoption and further refinement.
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