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Abstract

Background: As the population age structure gradually ages, more and more
elderly people were found to have pulmonary nodules during physical ex-
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aminations. Most elderly people had underlying diseases such as heart, lung,
brain and blood vessels and cannot tolerate surgery. Computed tomography
(CT)-guided percutaneous core needle biopsy (CNB) was the first choice for
pathological diagnosis and subsequent targeted drugs, immune drugs or abla-
tion treatment. CT-guided percutaneous CNB requires clinicians with rich
CNB experience to ensure high CNB accuracy, but it was easy to cause com-
plications such as pneumothorax and hemorrhage. Three-dimensional (3D)
printing coplanar template (PCT) combined with CT-guided percutaneous
pulmonary CNB biopsy has been used in clinical practice, but there was no
prospective, randomized controlled study. Methods: Elderly patients with
lung nodules admitted to the Department of Oncology of our hospital from
January 2019 to January 2023 were selected. A total of 225 elderly patients
were screened, and 30 patients were included after screening. They were ran-
domly divided into experimental group (Group A: 30 cases) and control
group (Group B: 30 cases). Group A was given 3D-PCT combined with
CT-guided percutaneous pulmonary CNB biopsy, Group B underwent
CT-guided percutaneous pulmonary CNB. The primary outcome measure of
this study was the accuracy of diagnostic CNB, and the secondary outcome
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measures were CNB time, number of CNB needles, number of pathological
tissues and complications. Results: The diagnostic accuracy of group A and
group B was 96.67% and 76.67%, respectively (P = 0.026). There were statis-
tical differences between group A and group B in average CNB time (P =
0.001), number of CNB (1 vs more than 1, P = 0.029), and pathological tissue
obtained by CNB (3 vs 1, P = 0.040). There was no statistical difference in the
incidence of pneumothorax and hemorrhage between the two groups (P >
0.05). Conclusions: 3D-PCT combined with CT-guided percutaneous CNB
can improve the puncture accuracy of elderly patients, shorten the puncture
time, reduce the number of punctures, and increase the amount of puncture
pathological tissue, without increasing pneumothorax and hemorrhage com-
plications. We look forward to verifying this in a phase III randomized con-
trolled clinical study.
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Pulmonary Nodules, Elderly patients, Three-Dimensional (3D), Printed
Coplanar Template (PCT), Core Needle Biopsy (CNB), Computed
Tomography (CT)

1. Introduction

Lung cancer is the most common malignant tumor in the world, and ranks first
in the incidence and mortality of malignant tumors [1]. The active promotion of
lung cancer screening programs has significantly increased the detection rate of
lung nodules. Pulmonary nodules refer to round or irregular lesions in the lungs
with a diameter of <3 cm. Imaging shows shadows with increased density. They
may be single or multiple, with clear or unclear boundaries [2] [3]. When a
pulmonary nodule is suspected to be malignant, pathological examination of
lung tissue biopsy can provide a basis for the qualitative diagnosis of the pulmo-
nary nodules and the formulation of treatment strategies, There are three feasi-
ble methods, including percutaneous biopsy under the guidance of transthoracic
computed tomography (CT), endobronchial biopsy and video-assisted thora-
coscopic biopsy [4]-[6]. Transthoracic CT-guided biopsy is conducive to the
occurrence of peripheral nodules and can prevent the sacrifice of normal lung
tissue during liver lobectomy. With the aging of the global population and the
continuous extension of life expectancy, some elderly patients with one or more
chronic underlying diseases or complex medication conditions are unwilling to
undergo surgery or cannot undergo surgery. CT-guided pulmonary nodule core
needle biopsy (CNB) is often used to clarify the pathological diagnosis, and then
local minimally invasive treatment is performed, which is prone to complica-
tions such as hemorrhage and pneumothorax. For such patients, lung nodule
biopsy faces great challenges. With the continuous development of medical

technology, especially the widespread application of three-dimensional (3D)
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printing technology in clinical practice, the current 3D printed coplanar tem-
plate (PCT) is inexpensive and has been initially used in the diagnosis and
treatment of pulmonary nodules. This study aims to explore the accuracy and
safety of 3D-PCT combined with CT-guided percutaneous pulmonary nodule
CNB technology.

2. Method
2.1. Study Subjects

Elderly patients with lung nodules admitted to the Department of Oncology of
our hospital from January 2019 to January 2023 were selected. Inclusion criteria:
1) Pulmonary nodules < 8 mm and > 30 mm in diameter. 2) age > 65 years. 3)
All patients underwent positron emission tomography(PET) CT, chest enhanced
CT, and artificial intelligence-assisted system diagnosis, and were highly sus-
pected of malignancy. 4) Those who were unwilling or unable to undergo sur-
gery. 5) platelet count > 60 x 10°/L and coagulation function was basically nor-
mal. 6) Karnofsky performance status (KPS score) > 60 points. Exclusion crite-
ria: 1) Patients with aggravated pulmonary infection (pulmonary CT showed
pulmonary inflammation, C-reactive protein and procalcitonin were signifi-
cantly increased). 2) Patients with hemorrhage tendency or receiving anticoagu-
lant treatment, and had a recent history of hemorrhage of more than 2 mL. 3)
patients with the following aggravated extrapulmonary diseases [7]: a) Pulmo-
nary artery pressure > 50 mmHg; b) Pro-BNP > 500 pg/mL; c¢) Any increase in
myocardial protein, creatinine, myoglobin, and troponin > 2 items; d) malignant
arrhythmia or ventricular rate > 100 beats/min; e) cardiovascular and cerebro-
vascular stenosis area > 70%; f) status dementia severity score > 3 points; g) sys-
tolic blood pressure > 180 mmHg; h) hemoglobin < 60 g/L; i) serum potassium >
5.5 mmol/L; j) D-Dimer > 0.5 mg/L; k) Creatinine > 200 umol/L. 4) Pulmonary
artery and deep vein thrombosis. 5) Patients with autoimmune diseases and
concurrent anti-immune treatment: rheumatoid arthritis, human immunodefi-
ciency virus/acquired immunodeficiency syndrome, etc. 6) Patients with poorly
controlled hypertension and diabetes. A total of 225 elderly patients were
screened, according to inclusion and exclusion criteria, and 60 patients were in-
cluded after screening. They were randomly divided into experimental group
(Group A: 30 cases) and control group (Group B: 30 cases) according to the case

follow-up system of the oncology department of our hospital.

2.2. Grouping and Methods

This study protocol was registered with the China Clinical Trial Registration
Center (ChiCTR1900025625, Registration Date: 20190903) and approved by the
Medical Ethics Committee of Yueyang Central Hospital (20190902). According
to the Declaration of Helsinki (revised in 2013). All patients were informed of
the indications, complications, and emergency measures of pulmonary nodule

CNB before treatment and signed informed consent. The biopsy was performed
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by four oncologists (Weng Jie with 28 years of experience, Fang Jianlong with 30
years of experience, Xie Wangti with 10 years of experience, and Yao Xiang with
4 years of experience, all had the latest professional certificates).The patients
were randomly divided into experimental group A (n = 30) and control group B
(n = 30), The detailed operation process is shown in Figure 1. Group A was
given 3D-PCT combined with CT-guided percutaneous pulmonary nodule CNB
(3D-PCT: Key Laboratory of Lung Cancer Prevention and Treatment, Yueyang,
Hunan, China; 17G coaxial CNB needle: C1816B, Bard Medical Devices, USA,
18-gauge core biopsy needle: MN1816, Bard Medical Devices, USA).Group B
underwent CT-guided percutaneous pulmonary nodule CNB. If adverse events
such as massive hemorrhage and massive pneumothorax occurred, the CNB was
stopped immediately and first aid was performed on the spot. Three pathological
tissues were obtained from patients in both groups as much as possible. If
life-threatening emergencies such as pneumothorax, hemorrhage and shock oc-
curred, one tissue could be obtained. After the operation, the patient was trans-
ported back to the ward on a stretcher and lay still for 4 hours.

I Matching cases I
4 4
l Group A I I Group B I
| Position fixation I | Position fixation I
| CT simulation position | | CT simulation position |

v &
l Pathway design I | Pathway design |
v

|  3D-PCTfixed | | CNB |
| CNB | I CT assessment of needle tip position
| CT assessment of needle tip position I | Take lung nodule tissue |
| Take lung nodule tissue | | Radiographic evaluation |

| Radiographic evaluation |

Regular follow-up |

Figure 1. Flow chart of biopsy procedure. Note: Group A used 3D-PCT, Group B used
manual puncture.

2.3. Observation Indicators

The primary outcome measure of this study was the accuracy of diagnostic CNB
(the success of puncture biopsy depends on pathological examination. The bi-
opsy specimens were double blind diagnosed by two experienced chest patholo-
gists from the pathology department, and histopathological findings reported

malignant tumors or non-specific inflammation. Non specific inflammatory
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cases showed no significant changes in nodules during follow-up, indicating
successful biopsy. The pathological diagnosis report shows that specimens with
insufficient tissue or cells are considered undiagnosed cases, suspicious or un-
certain cases, and cases that cannot be clearly diagnosed are also considered un-
diagnosed cases. Therefore, negative biopsy specimens indicate failed puncture
biopsy), and the secondary outcome measures were CNB time (it was defined as
the time from the CNB needle entering the skin to the successful CNB and re-
moval of the CNB needle), the number of needle insertions (it was defined as the
number of times the CNB needle entered the skin), the number of pathological
tissues (it was defined as the total number of pathological tissues punctured),
and complications. Patient data were collected based on the registration and fol-

low-up system of our department.

2.4. Statistical Analysis

Age, sex, smoking, lung function test results, mean maximum plane diameter,
body position, nodule location, needle path length between nodule and skin,
CNB time, number of CNB, amount of sampled tissue, postoperative complica-
tions (including pneumothorax, hemorrhage, air or pulmonary embolism, anes-
thesia allergy) and diagnostic accuracy of each group were recorded. The diag-
nostic accuracy and complications of lesions in the two groups were compared.
Biopsy results were considered true positive if the pathological findings were
consistent with the patients primary malignancy or if the patients clinical course
was consistent with malignancy. Otherwise, a positive biopsy result was consi-
dered false positive. A true negative result was considered true negative if the
pathological results were benign, a thin-section chest CT scan was repeated 3
months later, and the lesion remained stable or regressed during the year of fol-
low-up. False negative results were considered to be confirmed by further tissue
demonstration of malignancy or confirmation of a clearly malignant clinical
course. All statistical analyses were performed using SPSS 22.0. Student’s t-test
or the Mann-Whitney U test was used for continuous data, depending on the
distribution of the data. Fisher’s exact test or the chi-square test was used for bi-
nary data depending on the size of the sample. The significance threshold of the

pvalue was set at < 0.05.

3. Results

The patient characteristics are listed in Table 1. The two groups had the same
baseline characteristics. The final biopsy results are listed in Table 2. Among the
patients in Group A, 1 was a false negative, and the remaining 29 were true posi-
tive or true negative lesions. The biopsy results of 1 patient showed neutrophils
and lymphocytes, and sputum culture and tuberculosis antibodies were negative.
After 2 weeks of oral moxifloxacin treatment, the left upper lobe nodule was
re-examined without significant changes. After 3 months, the chest CT showed

that the nodule had grown, and another biopsy indicated pulmonary tuberculo-
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Table 1. Patient characteristics.

sis. Two patients in group B were false negatives. One of them had lung tissue
and neutrophils in the biopsy. After 2 weeks of anti-inflammatory treatment,
chest CT scan showed that the nodules in the left lower lobe disappeared, which
was considered pulmonary inflammation. Another patient had a biopsy again,
which showed lung adenocarcinoma. The diagnostic accuracy of group A (N =
30) and group B (N = 30) was 96.67% and 76.67%, respectively (P = 0.026).

Group A (n=30) Group B (n = 30) P-value
Patient variables
Age (mean + SD) 724 +5.9 72.6 +5.5 0.433
Sex
Male 22 19 0.405
Female 8 11
Smoking (Y/N)
Y 13 15 0.605
N 17 15
Lung function test
Normal 6 4 0.696
Mild to moderate grade 16 19
Severe grade 8 7
Location of the lesions
Upper/Middle lobes 21 20 0.781
Lower lobes 9 10
Mean diameter of the target
lesion (mm) (mean + SD) 16.1 +4.45 22.6 £5.17 0.117
Table 2. Diagnostic accuracy.
Result Group A (n=30)  Group B (n = 30) P-value
True positive 29 23
True negative 1 7
False positive 0 0
False negative 1 2
Accuracy 96.67% 76.67% 0.026
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The complications in the two groups were pneumothorax (6 cases in group A
and 10 cases in group B, P = 0.191), and no interventional treatment was re-
quired. The second most common complication was pulmonary hemorrhage (2
cases in group A and 7 cases in group B, P = 0.073). There was one case of he-
mothorax in group B, which improved after closed drainage, and the rest
stopped hemorrhage spontaneously. One patient in group B went into shock af-
ter one CNB. After emergency treatment, he recovered and returned to the ward.
One week later, a chest wall infusion port was implanted. After lidocaine local
anesthesia, he went into shock again. The skin test was positive, and lidocaine
allergy was considered likely. No patient had surgery due to needle seeding, air
embolism, or death. There were statistical differences between group A and
group B in average CNB time (P = 0.001), number of CNB (1 vs. more than 1, P
= 0.029), and pathological tissue obtained by CNB (3 vs 1, P = 0.040). There was
no statistically significant difference in the CNB needle length and patient posi-
tion between the two groups (P > 0.05) (Table 3).

Table 3. Two groups of surgical indicators and complications.

Group A (n=30) Group B(n=30) P-value

Distance from subcutaneous (mm)

(mean + SD) 66.3 £ 15.2 63.6 £ 12.8 0.051
Patient positions
Supine 15 12 0.730
Prone 12 14
Lateral decubitus 3 4
CNB time (m) (mean + SD) 4.9 +25 58+35 0.001
Number of sampling
1 27 20 0.029
>1 3 10
Number of CNB tissues
3 28 22 0.040
1 2 8
Complications
Pneumothorax 6 10 0.191
Pulmonary hemorrhage 2 7 0.073
Anesthesia accident 0 1 1.000
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4. Discussion

With the gradual promotion of early screening for lung cancer, more and more
lung nodules have been discovered. Currently, commonly used lung nodule bi-
opsy techniques include CT-guided percutaneous biopsy, endobronchial biopsy
[8]-[11] and video-assisted thoracoscopic biopsy [12] [13]. For elderly patients,
most of them have underlying diseases such as lung or cardiovascular and cere-
brovascular diseases and are difficult to tolerate bronchoscopic ultrasound-guided
biopsy and video-assisted thoracoscopic biopsy. CT-guided percutaneous lung
nodule biopsy has been used in clinical practice for many years, with a diagnos-
tic accuracy of 76.0% to 93.4% [3] [14]. Despite the high diagnostic accuracy,
this technology still has some unavoidable disadvantages. First, the angle of the
CNB needle is manually determined under the guidance of CT scans, which de-
pends largely on the experience of the operator and takes a long time to operate.
In addition, CT scanning inevitably leads to radiation exposure. In addition, the
biopsy needle usually needs to be repeatedly adjusted before accurate insertion,
which also increases the operation time and radiation dose. Repeated insertion
attempts are also the reason for the high incidence of complications such as
pneumothorax and pulmonary hemorrhage [15] [16]. 3D printing technology
has been widely used in various fields of medicine [17]. At present, the 3D
printed templates used in clinical practice are divided into 3D-PCT and 3D
printed navigation template (PNT). Coplanar template can be mass-produced
and are inexpensive. Navigation template need to be modeled on a computer
through CT images and then transferred to a 3D printer for printing, which is
time-consuming and expensive. Our team uses 3D-PCT combined with CT-
guided percutaneous lung nodule biopsy. The template bracket is fixed to the
edge of the CT bed. CT positioning determines the needle insertion point and
needle insertion route. The needle insertion angle can be adjusted at any time
and the needle insertion angle is monitored in real time. The CNB needle uses a
19G coaxial needle. We know that the lower lobe lung has a large degree of mo-
bility. For lower lobe lung nodules, take a deep breath and hold your breath
during CT positioning. The breathing stage during biopsy is close to the breath-
ing stage during the initial CT scan.

Studies have shown that 3D-PNT have acceptable accuracy and safety for lo-
cating peripheral pulmonary nodules [18]-[20], which makes it possible to apply
3D-PNT to percutaneous CNB of pulmonary nodules. Ji et al [21] reported the
application of this technology. Since no control group was set up, their results
were only compared with previous literature. Wang et al [22] retrospectively
analyzed 3D-PCT combined with CT-guided percutaneous pulmonary nodule
CNB. The diagnostic accuracy of the 3D-PCT group (95.2%) was significantly
higher than that of the control group (87.7%) (P > 0.05). There was no signifi-
cant difference in the incidence of pneumothorax (17.3% vs 18.9%) and pulmo-
nary hemorrhage (7.7% vs 9.4%) between the two groups (P > 0.05). There is no
difference in the complications between the two groups. Our team has applied
for a research and development plan for an artificial intelligence percutaneous
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lung puncture surgery navigation system. This study was a prospective, sin-
gle-center, randomized controlled clinical study. All the patients included were
elderly patients, and absolute contraindications to CNB were strictly excluded.
The diagnostic accuracy of group A and group B (96.67%) was significantly
higher than that of the control group (76.67%) (P > 0.05), which was consistent
with the conclusion reported by Wang et al. [22].

In this study, Group A was superior to Group B in average CNB time (P =
0.001), number of CNB (1 vs. more than 1, P = 0.029), and pathological tissue
obtained by CNB (3 vs. 1, P = 0.040). Reducing the CNB time and number of
times can reduce the incidence of complications such as pneumothorax and he-
morrhage. Obtaining more pathological tissues can provide better support for
subsequent genetic testing, PD-L1 testing, etc.

CT-guided percutaneous CNB was a relatively safe method, but it was not
without risks [23]-[27]. The mortality rate was 0.01% to 0.15%, and the causes of
death include hemorrhage, cardiac arrest, air embolism, etc. Complications in-
clude pneumothorax, pulmonary hemorrhage, hemoptysis, and needle tract im-
plantation. Pneumothorax is the most common, with an incidence of 15% -
51.8%, of which 1% - 14.2% require the placement of a closed chest drainage
tube. Hemorrhage ranks second, including pulmonary hemorrhage, hemoptysis,
and hemothorax, with an incidence of 1% - 27%, of which the incidence of he-
moptysis was about 1.25% - 23%, and 17.8% (11.8% - 23.8%) of patients require
blood transfusion; hemothorax was 0.20% - 0.92%. Needle tract implantation
was very rare, with an incidence of 0.012% - 0.061%. The incidence of air em-
bolism was 0.02% - 1.8%, with a high mortality rate and high disability rate. In
this study, there was no difference in the incidence of pneumothorax (20.00% vs
33.33%) and hemorrhage rate (6.67% vs 23.33%) between group A and group B.

5. Conclusion

3D-PCT combined with CT-guided percutaneous CNB can improve the punc-
ture accuracy of elderly patients, shorten the puncture time, reduce the number
of punctures, and increase the amount of puncture pathological tissue, without
increasing pneumothorax and hemorrhage complications. We look forward to
verifying this in a phase III randomized controlled clinical study. Although all
operations in this study were performed by 4 experienced oncologists and 1 ra-
diologist, the limitations of our study were the elderly population, single center,
and insufficient sample size, which may have led to some defects in the study
results. Currently, our unit is conducting a prospective study of 3D-PCT com-
bined with CT-guided percutaneous CNB in cooperation with 5 domestic hos-
pitals, and some questions may be answered in the future.
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