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Abstract

Background The existing data on the degree of pain in patients during CT-guided percutaneous transthoracic
needle biopsy (PTNB) of lung lesions are limited and the factors related to pain are unclear. In this study, we aimed to
evaluate the prevalence and severity of pain reported during PTNB and to identify factors associated with increased
reported pain.

Methods Patients who underwent PTNB from April 2022 to November 2022 were prospectively evaluated using the
numeric rating scale, which assesses subjective pain based on a 0-10 scoring system (O=no pain; 10=the worst pain
imaginable). The scale divides the scores into three categories: mild pain (1-3 points), moderate pain (4-6 points), and
severe pain (7-10 points). Pain scores from 4 to 10 were considered significant pain. Demographic data of patients,
lesion characteristics, biopsy variables, complications, the patient’s subjective feelings, and pathological result data
were analyzed by multivariable logistic regression analysis to identify variables associated with significant pain.

Results We enrolled 215 participants who underwent 215 biopsy procedures (mean age: 64.5+9.3 years, 123 were
men). The mean procedure-related pain score was 2 + 2. Overall, 20% (43/215) of participants reported no pain (score
of 0), 67.9% (146/215) reported pain scores of 1-3, 11.2% (24/215) reported scores of 4-6, and 0.9% (2/215) reported
scores of 7 or higher. Furthermore, non-significant pain (scores of 0-3) was reported during 87.9% (189/215) of the
procedures. In the adjusted model, significant pain was positively associated with lesions >34 mm (p=0.001, odds
ratio [OR]=6.90; 95% confidence interval [Cl]: 2.18, 21.85), a needle-pleural angle >77° (0=0.047, OR=2.44; 95% Cl:
1.01,5.89), and a procedure time >26.5 min (p=0.031,OR=3.11;95% Cl: 1.11, 8.73).

Conclusions Most participants reported no pain or mild pain from CT-guided percutaneous transthoracic needle
biopsies of lung lesions. However, those with a larger lesion, a greater needle-pleural angle, and a longer procedure
time reported greater pain.

Keywords Lung, Image-guided biopsy, Pain

"Shou-Xin Yang, Mai-Lin Chen and Lei Xie contributed equally to this 'Key Laboratory of Carcinogenesis and Translational Research (Ministry of

work. Education/Beijing), Department of Radiology, Peking University Cancer
Hospital and Institute, No. 52, Fu Cheng Road, Hai Dian District,

*Correspondence: Beijing 100142, China

Ying-Shi Sun Department of Radiology, The First Affiliated Hospital of Shantou

sys27@163.com University Medical College, Shantou City, Guangdong Province

515041, China

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0001-9424-1910
http://crossmark.crossref.org/dialog/?doi=10.1186/s40644-023-00578-3&domain=pdf&date_stamp=2023-6-12

Yang et al. Cancer Imaging (2023) 23:61

Background

CT-guided percutaneous transthoracic needle biopsy
(PTNB) is a widely established technique for obtaining
histological diagnosis due to its high accuracy, ranging
from 82 to 98% [1-5]. Moreover, PTNB is a safe and min-
imally invasive approach with a low severe complication
rate. Some relatively common complications do occur,
such as pneumothorax (in 15-42% of biopsies [5-9]) and
hemorrhage (in 18-41% of biopsies [8—10]). However,
procedure-related pain during the biopsy is a crucial yet
under-investigated symptom.

The sensation of pain comes primarily from the stim-
ulation of nerves, and the pain from sharp instruments
and the fear of unknown pain can be extremely uncom-
fortable for the patient. Procedure-related pain is critical
for the patient’s experience and the success of the biopsy,
as pain can cause undesirable patient motion [11]. How-
ever, few studies have explored the pain associated with
percutaneous biopsies of lung lesions [12, 13]. In the era
of precision medicine and as the need for PTNBs of lung
lesions increases [14], radiologists play a more consider-
able role in direct patient care. Thus, understanding the
prevalence and influencing factors of procedure-related
pain can help radiologists appropriately counsel patients
before their procedure and help operators know how and
when to anticipate and manage pain [15].

During a PTNB of lung lesion, the most sensitive struc-
tures in the needle’s path are the skin and parietal pleu-
ral; pain mainly arises when they are pierced [16, 17].
Consequently, the consensus is that pleural anesthesia
is essential in addition to skin anesthesia [18], supported
by a previous study that demonstrated pleural anesthe-
sia helps reduce pain [19]. However, few studies have
assessed a patient’s subjective pain during a lung biopsy
after administering skin and pleural anesthesia. Addi-
tionally, limited data exist regarding factors associated
with increased pain perception. We hypothesized that
some factors would influence the procedure-related pain
during biopsies. Therefore, this study aimed to assess

-

Fig. 1 Axial CT images of a 56-year-old woman with a mass in the right
lower lobe, who received pleural anesthesia. a. The coaxial needle entered
the extra-thoracic muscle according to the given direction and angle. b.
After injecting a small amount of anesthetic, CT was taken to confirm the
position. Accumulation of anesthetic and incidental air bubbles is noted
in the extra-pleural space. c¢. The coaxial introducer passed through the
pleural and was further advanced to place the tip in the target lesion. The
patient complained of mild pain (pain score 2).
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subjective pain levels during PTNB of pulmonary lesions
and analyze factors associated with greater pain scores.

Materials and methods

Study participants

Our hospital’s institutional review board approved this
study, and all participants provided written informed
consent. Consecutive patients who underwent a PTNB
of pulmonary lesions from April 2022 to November 2022
were prospectively included. Patients with subjective
pain before the biopsy were excluded. We interviewed
patients immediately after the biopsy using a question-
naire that included the numeric rating scale for pain [20].

Biopsy procedure

All PTNBs were performed under CT guidance on
a 64-detector row CT scanner (Optima CT 680; GE
Healthcare, Chicago, IL, USA); 2.5-mm or 1.25-mm
helical images were obtained. The radiologist (M.C., 10
years of PTNB experience) performed all biopsies using
a semi-automatic cutting biopsy needle (18-gauge; Bard®
Magnum® Biopsy Instrument; BD, Franklin Lakes, NJ,
USA) and the coaxial technique.

All participants underwent simultaneous contrast-
enhanced CT examination in our hospital within three
weeks before the biopsy. The operator thoroughly
reviewed the contrast-enhanced CT images before the
biopsy to determine the optimal needle path and appro-
priate patient position (supine or prone). After the par-
ticipant took the appropriate position, the CT exam was
performed. The expected path from the skin to the target
lesion was drawn with a line on the console monitor to
determine the angle and distance for the needle path.

All participants received skin and pleural anesthesia.
After skin sterilization and orally informing the partici-
pant about the procedure, skin anesthesia was adminis-
tered by a subepidermal injection of a small quantity of
1% lidocaine solution to create a blister. The distance
from the skin to the pleura was measured on the line
for the needle path. Then, a 17-gauge coaxial introducer
was inserted into the chest wall along the pre-drawn
line and angle for the needle path. The introducer was
advanced until the operator positioned the needle tip in
the extra-pleural space between the endothoracic fascia
and parietal pleura. Then, the stylet was removed from
the introducer, and 2-3 mL of anesthetic was injected
to anesthetize the parietal pleura (Fig. 1) as previously
described [18]. The stylet was reinserted into the intro-
ducer, and the introducer was inserted into the target
lesion under intermittent CT guidance.

The stylet was removed after confirming that the needle
tip was in the lesion. Sampling was performed by passing
an 18-gauge semi-automated cutting needle. One to four
samples were acquired, and the operator visually assessed



Yang et al. Cancer Imaging (2023) 23:61

whether the sampling was sufficient. Immediately after
removing the coaxial introducer, a CT scan was per-
formed to identify procedure-related complications.

Data collection and analysis

Pain was assessed by another radiologist (S.Y., 2 years of
PTNB experience) immediately after the biopsy using
the numeric rating scale and three related questions:
(1) In your past experience, were you a person who was
particularly afraid of pain? (2) Was the body position-
ing during the biopsy uncomfortable? and (3) Did you
have any symptoms other than pain? The patients were
asked to assign a number to their pain level on a scale of
0-10 (0=no pain; 10=the worst pain imaginable). The
scale divides the scores into three categories: mild pain
(1-3 points), moderate pain (4—6 points), and severe pain
(7-10 points) [21].

Data on potential factors influencing pain were also
collected, including age, sex, lesion size, lesion type (solid,
part-solid), lesion location, pleural traction, emphysema
along the needle path, patient position (prone, supine),
the needle-pleural angle (0-90), traversal of a fissure,
lesion depth (distance from the pleura to the lesion along
the needle path), number of scans, procedure time, and
radiation dose. Complications including pneumothorax,
pulmonary hemorrhage, and air embolism, were also
recorded. The final pathological diagnosis was classified
as diagnostic (specific benign or malignant results) or
non-diagnostic (no specific diagnosis or insufficient orga-
nization for diagnosis).

Statistical methods

Categorical variables are presented as numbers (percent-
age), and continuous variables are presented as means
(standard deviations) or medians and interquartile ranges
(25th —75th percentiles), as appropriate. Pain scores were
dichotomized into non-significant (scores<3) and sig-
nificant (scores>4) pain. The continuous variables, lesion
size, needle-pleural angle, and procedure time were
dichotomized based on an optimal cut-off determined
by receiver operating characteristic curves applying
Youden’s index. Independent sample t-test, Mann—Whit-
ney U test, Pearson’s chi-square test, and Fisher’s exact
test were used to compare differences across groups,
as appropriate. Factors associated with significant pain
were identified by multivariable logistic regression analy-
ses. Variables with a p-value of <0.10 in the univariable
analyses were used in the multivariable analysis. P-values
of <0.05 (two-tailed testing) were considered significant.
All analyses were performed using SPSS version 25.0 for
Windows (IBM Corp., Armonk, NY, USA).
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Results

Patient demographics

Between April 2022 and November 2022, 232 consecu-
tive patients met the inclusion criteria. However, 17
patients with subjective pain before the biopsy were
excluded. Thus, the analysis set included 215 biopsies in
215 participants (mean age, 64.519.3 years; range, 29-85
years; Fig. 2). The cohort included 123 (57.2%) men
(mean age, 65.419.1 years) and 92 (42.8%) women (mean
age, 63.21+9.6 years) (Table 1). The mean lesion size
was 38.1+18.6 mm, the mean needle-pleural angle was
68.61£14.6°, and the median procedure time was 18 mins
(interquartile range=14-23).

Pain scores, complications and histological outcomes

The overall mean procedure-related pain score was 2+2.
Figure 3 details the pain distributions; 20% (43/215) of
patients reported no pain, 67.9% (146/215) reported a
score of 1-3, 11.2% (24/215) reported a score of 4—6, and
0.9% (2/215) reported a score of 7 or higher. Figures 4 and
5 show the pain scores of two patients. Since only two
participants reported pain scores above 7 (specifically,
scores of 8 and 10), we conducted telephone follow-ups
for these two patients within two weeks. The participants
with pain scores of 8 and 10 said they still felt pain at the
time of telephone follow-up.

Regarding the questionnaire, 22.3% (48/215) of the par-
ticipants reported being particularly afraid of pain, 7.9%
(17/215) reported feeling uncomfortable about their body
position during the biopsy, and 7.4% (16/216) had symp-
toms other than pain, primarily chest discomfort (7/16)
and cough (5/16). However, other symptoms included
nausea (1/16), fatigue (1/16), lumbar discomfort (1/16),
and hemoptysis (1/16).

The overall incidence of pneumothorax, pulmonary
hemorrhage, hemothorax, and air embolism was 40.9%
(88/215), 78.1% (168/215), 0.9% (2/215) and 0.9% (2/215),
respectively. Thoracic drainage was required for 1.4%
(3/215) of the patients. Overall, 90.2% (194/215) of the
biopsies led to diagnostic results.

Non-significant pain (pain scores < 3) versus significant
pain (pain scores = 4): factors associated with significant
pain
Overall, 87.9% (189/215) reported non-significant
pain and 12.1% (26/215) reported significant pain. The
receiver operating characteristic curves determined
that the optimal cut-off points were: lesion size: 34 mm,
needle-pleural angle: 77°, and procedure time: 26.5 mins
(Supplementary Table 1). The participants were divided
into two groups based on these cut-off points.

Table 1 summarizes the participants’ demographic
data based on non-significant and significant pain. Mul-
tiple logistic regression included lesion size (=34 mm),
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232 consecutive patients underwent CT-guided lung biopsy
between April 2022 and November 2022

Excluded:

A

y

\ 4

17 patients with subjective
pain before biopsy

215 patients

for analysis

\ 4

\ 4

189 patients reported non-significant pain
(pain scores 0-3)

26 patients reported significant pain
(pain scores > 4)

A

y

Analysis of factors associated with significant pain

Fig. 2 Flowchart shows inclusion and exclusion criteria for the study

the needle-pleural angle (=77°), and the procedure time
(=226.5 mins) based on the univariable analysis. In the
adjusted model, significant pain was positively associ-
ated with a lesion size>34 mm (p=0.001, OR=6.90, 95%
CI: 2.18, 21.85), the needle-pleural angle>77° (p=0.047,
OR=2.44, 95% CI: 1.01, 5.89), and the procedure
time>26.5 mins (p=0.031, OR=3.11, 95% CI: 1.11, 8.73)
(Table 2).

Discussion

In this study, 87.9% of the participants reported non-
significant pain during the biopsy procedure. However,
those with a lesion>34 mm, a needle-pleural angle>77°,
and a procedure time>26.5 mins were more likely to
report significant pain. Conversely, the patient’s position,
discomfort about their position, and particular fear of
pain were not associated with significant pain.

Our results were similar to those of previous studies
that reported no or mild pain during lung biopsies in
65.8—100% of patients [12, 13, 19, 22]. These results are
reassuring because they indicate that most patients are
comfortable with the biopsy. We also found that only
0.9% (2/215) of the participants had severe pain. There-
fore, these data may help ease patient fears during the
preprocedural evaluation.

The data on procedure-related pain are primarily lim-
ited to percutaneous parenchymal liver biopsies [23-27].
However, procedure-related pain during lung lesion
biopsies has not been widely investigated [12, 13, 19, 22]
nor has it received enough attention in daily practice,
although patients are often anxious about procedure-
related pain. We found that 80.0% (172/215) of the par-
ticipants sensed pain, but only 12.1% (26/215) of patients
reported significant pain during the biopsy, which is
lower than that in a recently published study where 34.2%
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Table 1 Univariate analysis to determine distinguishing variables of significant pain from non-significant pain
Characteristics All(n=215) Non-significant pain Significant pain p-value
(n=189) (n=26)

Age(years)* 64.5+93 64.5+95 64.5+8.1 0.997
Sex, female 92(42.8) 81(42.9) 11(42.3) 0.958
Lesion size>34 mm 116(54.0) 94(49.7) 22(84.6) 0.001
Lesion type

Solid 193(89.8) 172(91.0) 21(80.8) 0.157

Part-solid 22(10.2) 17(9.0) 5(19.2)
Lesion location

Left upper lobe 55(25.6) 46(24.3) 9(32.6) 0.445

Left lower lobe 36(16.7) 34(18.0) 2(7.7)

Right upper lobe 69(32.1) 62(32.8) 7(26.9)

Right middle lobe 10(4.7) 8(4.2) 2(7.7)

Right lower lobe 45(20.9) 39(20.6) 6(23.1)
Pleural traction, yes 104(48.4) 92(48.7) 12(46.2) 0.809
Emphysema along the needle path 50(23.3) 44(23.3) 6(23.1) 0.982
Position

Prone 122(56.7) 111(58.7) 11(42.3) 0.113

Supine 93(43.3) 78(41.3) 15(57.7)
Needle-pleural angle (=77°) 72(33.5) 58(30.7) 14(53.8) 0.019
Traversal of fissure 8(3.7) 7(3.7) 1(3.8) 1.000
Lesion depth (mm)* 24.7+16.1 248+16.3 238+150 0.760
Number of scanst 9(7,12) 9(7,12) 9(7,12.25) 0.968
Procedure time > 26.5 mins 36(16.7) 28(14.8) 8(30.8) 0.051
Radiation dose 684.5(436.1,891.9) 679.0(426.2, 884.5) 759.2(558.4,1036.7) 0.158
(DLP, mGy cm?) t
Hemorrhage 168(78.1) 147(77.8) 21(80.8) 0.729
Pneumothorax 88(40.9) 81(42.9) 7(26.9) 0.121
Particular fear of pain 48(22.3) 40(21.2) 8(30.8) 0.270
Uncomfortable about the position 17(7.9) 13(6.9) 4(15.4) 0.133
Diagnostic results 194(90.2) 169(89.4) 25(96.2) 0.464

Variables used as inputs to multivariate analysis are indicated in bold. DLP, dose-length product

*Data are meantstandard deviation, tData are median and interquartile range (IQR, 25th -75th percentile)

Number of patients

Pain score

Fig. 3 Chart shows distribution of pain scores patient reported during
biopsy. Patients scored pain on 0-10 numeric rating scale (0, no pain; 10,
worst pain imaginable).

of patients reported significant pain [19]. This difference
may be because some of their patients did not receive
pleural anesthesia. Also, all biopsies in our study were
conducted by the same experienced radiologist; thus, we
controlled for operator differences.

In our study, a longer procedure time was associated
with higher pain scores, perhaps because as the proce-
dure time increases, the chance of irritating the pleura
increases [19]. However, we also suspect that the strength
of the anesthetic weakens with longer procedure times.
Significant pain is also positively associated with large
lesion size and needle-pleural angle. The possible rea-
son is that for larger lesions, the operator will generally
choose a longer penetration depth under safe condi-
tions, and the longer penetration depth and greater cut-
ting impact may cause pain to the patient. Furthermore,
a larger needle-pleural angle means the needle is inserted
perpendicular to the pleura, potentially applying more
pressure during penetration, causing severe pain. The
factors leading to significant pain identified in our study
can be easily assessed in clinical practice; thus, operators
could easily predict and manage a patient’s pain.

The current results validate those of a prior study that
reported no relationship between the patients’ position
and pain [19]. In addition, the questionnaire data helped
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Fig. 4 Axial CT images of a 61-year-old man with a 23-mm mass in the
right lower lobe. (a-c). The coaxial introducer was passed through the
chest wall and pleura step by step to reach the inside of the lesion. Needle-
pleura angle was 45° and the procedure time was 15 min. Patient reported
a pain score of 3. (d). The photomicrograph showed that the pathological
result was small cell carcinoma (Hematoxylin-eosin stain, x100).

Fig. 5 Axial CT images of a 62-year-old man with a 60-mm mass in
the right lower lobe. (a-c). The coaxial introducer was passed through
the chest wall and pleura step by step to reach the inside of the lesion.
Needle-pleura angle was 80° and the procedure time was 16 mins. Pa-
tient reported a pain score of 5. (d). The photomicrograph showed that
the pathological result was squamous cell carcinoma (Hematoxylin-eosin
stain, x100).

confirm that the discomfort caused by the patient’s posi-
tion and procedure-related pain are not associated,
similar to a previous study that reported body posi-
tion discomfort was primarily due to shoulder and neck
stiffness [12]. We also found that patient’s sensitivity to
pain was not associated with procedure-related pain,
which should help appease pain-sensitive patients before
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Table 2 Results of multivariate logistic regression analysis to for
predicting significant pain

Variables Ad- 95%Cl p-
justed value
OR
Lesion size >34 mm 6.90 2.18- 0.001
21.85
Needle-pleural angle >77° 244 1.01-  0.047
5.89
Procedure time >26.5 mins 3.1 1.11-  0.031
873

Statistically significant p values are indicated in bold. OR odds ratio, Cl
confidence interval

an operation. A previous study reported that younger
patients experienced more pain during a lung biopsy,
possibly owing to less exposure to medical interven-
tions and a lack of comprehension of the biopsy [13].
Our study did not confirm this, perhaps because almost
all patients were fully informed of the biopsy process and
precautions before surgery, and the number of partici-
pants in our study was relatively small.

Only two patients had severe pain, but the pain still
existed to varying degrees at the two-week follow-up.
Therefore, extra attention and follow-up consultations
should be provided to patients with severe procedure-
related pain. Moreover, we did not identify the factors
associated with severe pain in the two cases, and further
studies may be needed to explore the potential factors
associated with the pain. Our incidence of pneumotho-
rax was similar to that in prior reports, ranging from 15
to 42% [5-9]. Our incidence of pulmonary hemorrhage
(78.1%) was higher than previously reported values [8—
10], but only 0.9% (2/215) of patients had a small amount
of hemothorax.

This study has several limitations. First, it is a single-
center study with relatively few participants. Future stud-
ies should incorporate larger sample sizes. Second, this
study did not evaluate some factors, such as the opera-
tors’ experience, biopsy needle type, the patient’s educa-
tion level, preoperative anxiety, and expected pain, which
may influence pain perception. These potential influ-
encing factors should be fully considered in subsequent
studies.

Conclusions

PTNB of lung lesions is relatively comfortable, and most
patients report non-significant pain. However, partici-
pants with larger lesions, larger needle-pleural angles,
and longer procedure times reported more severe pain.
This information may assist with preprocedural counsel-
ing and thus reassure patients before the procedure.

Abbreviations
CT  -guided percutaneous transthoracic needle biopsy (PTNB)
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