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Abstract

Introduction: The goal of this study is to compare computed tomography (CT) and ultrasonography (USG) in transthoracic
biopsies as a guide method.

Methods: A total of 152 patients, consisting of 121 men and 31 women, underwent a 20-Gauge (20-G) fine needle aspiration
biopsy. CT in 83 patients and USG in 69 patients were chosen as the guide method. The mean age of the patients was 66+10
(CT guidance group was 6749, USG guidance group was 64+11), and the median lesion size was 65 mm (interquartile
range [IQR] 45-80 mm). All lesions were chosen pleural-based and larger than 2 cm. Thus, the risks of major complications,
especially pneumothorax and hemorrhage, and the difficulties in reaching the lesion were minimized, and it was aimed
to investigate the contribution of the chosen guide method to the diagnosis. The advantages and disadvantages of both
techniques were investigated.

Results: While CT-guided biopsies had a diagnostic accuracy rate of 87.9%, a sensitivity of 87.3%, and a specificity of 100%,
USG-guided biopsies had a diagnostic accuracy rate of 82.6%, a sensitivity of 82.1%, and a specificity of 100%.

Discussion and Conclusion: The necrosis content of the lesion is the primary factor reducing the success rate of both
techniques. It causes more failures under ultrasonography guidance.
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Lung cancer is the most common cancer in men and the
second most common cancer in women after breast
cancer, which is responsible for %18 of all cancer-related
deaths [V, After the suspected lesion is detected, a correct
diagnosis is very crucial for effective treatment. There
are several well-defined and accepted methods such as
mediastinoscopy, endobronchial ultrasonography, and
bronchoscopy which are primarily preferred for centrally
located masses, and transthoracic needle biopsy for
peripherally located masses to make an accurate and safe
diagnosis.
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Transthoracic needle biopsies, a highly successful and
conventional method in diagnosing lung lesions, have been
used for decades and were first described by Nordenstrom
B. in 1965 (2], Today, the most common guiding methods
used by interventional radiologists are computed
tomography (CT), ultrasonography (USG), and fluoroscopy.
The most common and well-known complications related
to the procedure are pneumothorax and hemorrhage [31.
There are also findings showing that pneumothorax and
chest tube placement rates can be reduced with methods
such as intraparenchymal blood patches added to the
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standard procedure in recent years [45],

It is known that cavitation and necrosis in lung lesions
reduce the accuracy of transthoracic needle biopsy results.
In lesions with these features, the literature findings on
the diagnostic results of CT and USG guidance are limited.
There are various opinions about the success of the guide
method. The effects of factors such as lesion size, presence
of necrosis, and distance from pleura on the diagnosis
are frequently investigated. In addition, when choosing
a fine needle or core biopsy, both have advantages and
disadvantages. Moreover, the thickness of the needle can
be another factor affecting success.

Materials and Methods

This retrospective and single-center study was conducted
on 152 patients in the Radiology Clinic of Slreyyapasa
Chest Diseases and Thoracic Surgery Training and
Research Hospital between 2019-2022. Since the study
is retrospective, there is no requirement for an informed
consent form. The ethics committee report approved
by the hospital with protocol code 116.2017.R-246 is
available. This study was conducted in accordance with the
Declaration of Helsinki.

Patients: All patients with lung lesions who had consulted
the radiologist for transthoracic fine needle biopsy (TTFNB)
procedure for diagnosis were included in the study.

Interventions: TTFNB with a 20-G needle.

Radiologist: All features of lesions such as size, necrosis, and
cavitation existence were evaluated, and all biopsies were
performed by the same interventional radiologist with 5-8
years of experience.

Guidance decision of USG and CT definition: CT images of all
patients were evaluated before the biopsy. PET/CT images
were out of the evaluation. Thoracic USG control for the
suspicious lesion was performed by the same radiologist.
While on CT images, the necrotic area is detected as a
lower density than the lesion, USG shows a heavy content
cystic area without vascularization. Needle biopsy from
areas with these features was avoided. Although it is
pleural-based, CT was chosen as the guiding method to
provide better anatomical orientation since 7 patients
required intervention with a long trace through lateral due
to scapular superposition (Fig. 1). While CT is mainly chosen
as the guiding method in lesions smaller than 3 cm (3:1),
USG s primarily preferred in lesions larger than 7 cm (2.5:1).
Thus, while the guide method of 55 patients was selected
according to partial selection bias, the method to be used
in the other 97 patients was determined randomly.

Figure 1. The gross lesion was diagnosed as squamous cell carci-
noma, and a CT-guided biopsy was performed because adequate
sonographic orientation could not be achieved due to the scapula,
although it was pleural-based.

In this research, only pleural-based lesions larger than 2
c¢m were included to focus on the diagnostic contribution
of the selected guide method. Thus, the purpose of this
research is to select the most appropriate guide method
for each patient according to factors such as the presence
of necrosis and cavitation, lesion size, and location by
minimizing the possibility of major complications and the
difficulties in reaching the lesion.

16-MDCT (Toshiba Medical Systems, Tokyo, Japan) or 128-
MDCT (Philips Medical Systems, Amsterdam, Netherlands)
were used in CT-guided biopsies, and images with a
cross-sectional thickness of 4 mm were obtained. In some
patients, 2 mm slice thickness was used for additional
imaging in cases such as narrow intercostal space or
proximity to major structures. A Mindray ultrasonography
device (Mindray Medical Systems, Shenzhen, Guandong,
China) was used in USG-guided biopsies. In both methods,
first of all, patients were placed in a supine or prone position
according to the location of the lesion. No sedation was
applied. Pain control was achieved by applying 5-10 ml of
local anesthetic only to the area where the intervention
was planned, starting from the skin towards the pleura. A
100 or 150 mm long 20-G fine needle (Chiba) was used in
all lesions, and only one intervention was performed. After
the material was placed in a %20 formol-alcohol mixture,
three pathologists in our hospital made a randomized
evaluation. The on-site pathologist did not accompany the
team during the procedure.
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Malignant pathology reports in which subtype could
be performed or could not be performed but could be
detected as small cell or non-small cell carcinoma, and
benign pathology reports including infection findings
were considered successful procedures.

Statistical Analysis

The Statistical PackageforSocial Sciences (SPSS) version 20.0
software (IBM Corp.; Armonk, NY, USA) was used. Patients’
demographics and all clinical data were summarized using
descriptive analysis. Student’s T-test, used for continuous
variables (i.e, age), showed that they were distributed
normally in both groups. The results obtained from
the Student’s T-test were reported as meanzstandard
deviation (S.D.). If the groups were distributed
non-normally, the nonparametric Mann-Whitney U test
and Kolmogorov-Smirnov test were used, and the results
obtained were reported as median and interquartile
range. Dichotomous values (gender, tumor size group,
diagnostic presence, type of lesion characteristics [cavity,
necrosis, both cavity and necrosis]) were compared using
the chi-squared test. If n was below 5, Fisher’s exact test
was used, and values were reported as numbers and
percentages. Patients were grouped according to CT or
USG guidance and diagnostic presence or absence. Two
groups were compared according to recorded values.
Multi-logistic regression analysis was done to define
the diagnostic findings. Statistically significant variables
were included in the model following univariate analysis.
P-value<0.05 was accepted as statistically significant.

Results

The mean (tstandard deviation) age of CT-guided and
USG-guided groups were 67+9 versus 64+11, p=0.15
respectively. Median size of lesions were 65 mm (IQR; 45-
80) with a minimum of 22 mm and a maximum of 140
mm. The median size of CT-guided lesions were 52.5 mm
(IQR; 40-75), while USG-guided lesions were 75 mm (IQR;
50-90). In both groups, two lesions were in the form of
consolidation and those were excluded when calculating
the median values of lesion size. Of the 83 lesions in which
CT-guided transthoracic fine needle aspiration biopsy
was performed, 69 were diagnosed as malignant, and the
pathology results of 10 patients were not diagnostic. Of
69 lesions performed with USG-guided biopsy, 55 were
found to be malignant, and the pathology results of 12
patients were not diagnostic. The lesion was reported as
infective in 4 patients with CT-guided biopsy and 2 patients
with USG-guided biopsy, and they were included in the

correctly diagnosed group. The pathology result of one of
the USG-guided biopsies was reported as histiocytic cells
and was diagnosed with histiocytosis X after lobectomy.
Another patient whose pathology was reported as necrotic
debris and caseous necrosis was diagnosed with vasculitis
after further examination. Although the biopsy results
led to the diagnosis in these two patients, they were
included in the unsuccessful procedure group since the
definitive diagnosis could not be made. In a patient who
underwent USG-guided biopsy and reported squamous
cell carcinoma, the pathological diagnosis was corrected
as adenocarcinoma after segmentectomy, and the subtype
was misdiagnosed with a fine needle.

Comparisons of patients according to demographic
characteristics and tumor location are shown in Table 1.

In both groups, 20 of the pathology results of 22
non-diagnostic lesions were later found to be malignant
by other methods such as wedge biopsy, mediastinoscopy,
and lobectomy. One lesion was diagnosed as histiocytosis
X, and one lesion was diagnosed as vasculitis. Of the
10 undiagnosed lesions under the CT guidance, 5 had
necrosis, one had cavitation, and one was hard and fibrotic.

Table 1. Patients’ comparisons according to demographics and
tumor locations

Computed Ultrasonography, p

Tomography, N=69
N=83

Sex, Male, n (%) 70(15.7) 51(73.9) 0.1

Age over 65, n (%) 51(61.4) 38(55.1) 0.43

Lesion size above 3cm, n (%) 68 (81.9) 64 (92.8) 0.049
Right lung, n (%) 47 (56.6) 32 (46.4) 0.21

Lower lobe locations, n (%)  33(39.8) 35(20.3) 0.18
Pneumothorax, n (%) 2(24) 0 -

Table 2. Diagnostic performance of transthoracic fine needle
biopsy when presence of cavity-necrosis, cavity, and necrosis alone
by using guidance of computerized tomography and ultrasound
scanner.

Computed Ultrasonography,
Tomography, N (%) N (%)

Non diagnostic Results N=10 N=12
Cavity and necrosis 1(10.0) 2(16.6)
Cavity 1(10.0) 2(16.6)
Necrosis 5(50.0) 10 (83.3)

Diagnostic Results N=73 N=57
Cavity and necrosis 9(12.3) 2(3.5)
Cavity 13(17.8) 5(8.7)
Necrosis 22 (30.1) 14 (19.1)
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There was no necrosis or cavitation in the other 3 lesions.
Of the 12 undiagnosed lesions under USG guidance, 10
had necrosis and 2 had cavitation (Table 2), as one of the
lesions containing cavitation belonged to the patient who
was later diagnosed with vasculitis. One lesion without
necrosis or cavitation belonged to the patient who was
later diagnosed with histiocytosis X.

According to the current findings; accuracy, sensitivity, and
specificity for CT-guided fine needle biopsies were 87.9%,
87.3%, and 100%, respectively, while they were 82.6%,
82.1%, and 100% for those guided by USG.

The presence of necrosis in undiagnosed lesions was
68.1%, while this rate was 27.6% in diagnosed lesions. It is
seen that the presence of necrosis in the lesion significantly
reduces the success of diagnosis. While there was 50%
necrosis in CT-guided unsuccessful procedures, this rate
was 83.3% in USG-guided unsuccessful procedures.

The presence of cavitation was 13.6% in undiagnosed
lesions, 12.8% in diagnosed lesions, and the presence
of both necrosis and cavitation was 13.6% and 8.4% in
undiagnosed and diagnosed lesions, respectively.

Minimal pneumothorax was developed in only 2 biopsies
performed under CT guidance as a complication and no
chest tube placement or treatment was required, while no
complication was developed under USG guidance. Since
the parenchyma was not passed, no major hemorrhage
developed in either guide method.

Table 3. Comparing the patients according to diagnosis obtained
from transthoracic fine needle biopsy.

Diagnosis p

Absent, N=22 Present, N=130

Male, N (%) 18(81.8) 103 (79.2) 0.78
Guidance of TTFNB, N (%)
cT 10(45.5) 73(56.2) 0.35
usG 12(54.5) 57(43.8)
Age over 65, N (%) 12 (54.5) 77 (59.2) 0.68
Lesion size over 3 cm, N (%) 20 (90.9) 112 (86.2) 0.54
Left lung lesions, N (%) 7(31.8) 66 (50.8) 0.10
Right lung lesions, N (%) 15 (68.2) 64 (49.2)
Lower lobe lesions N (%) 13 (59.1) 55 (42.3) 0.14
Lesion nature, N (%)
Cavity 3(13.6) 18(13.8) >0.99
Necrosis 15 (68.2) 36 (27.7) <0.001
Cavity and Necrosis 3(13.6) 11(8.5) 0.43

TTFNB: Transthoracic fine needle biopsy; CT: Computed tomography; USG:
Ultrasonography.

Table 4. Logistic regression of the factors affecting the
non-diagnostic lung pathologies by transthoracic fine needle
biopsy (enter method)

Odds  95% Confidence P
Ratio Interval
Lower Upper

Male gender 1.05 0.28 387 094
Age < 65 1.80 0.63 514 027
USG guided TTFNB 141 0.50 399 052
Presence of necrosis 574 2.04 16.18 0.001
Lesion present right side  2.68  0.93 774 0.07
Lesion present lower lobe 2.07 0.75 570 0.16
Lesion size <3 cm 092 0.16 533 092

USG: Ultrasonography; TTFNB: Transthoracic fine needle biopsy.

Figure 2. Minimal pneumothorax due to respiratory movement de-
spite being pleural-based.

Discussion

The advantages and disadvantages of both CT and USG
as guiding methods will be discussed. The findings of this
study revealed that when adequate anatomical orientation
can be obtained through sonography, USG guidance
should be favored to protect the patient from unnecessary
radiation exposure. In situations where reaching the lesion
will be difficult, better anatomical orientation is required,
and necrosis or cavitation is present, CT guidance is more
appropriate to reduce the risk of potential complications
and improve diagnosis.

A definitive pathological diagnosis is required for the

determination of treatment protocols in lung cancers.
Needle biopsies are frequently preferred due to their high
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Figure 3. (a, b) Millimetric bleb (arrow) despite having a wide pleu-
ral-base (a). Self-limiting pneumothorax after TTFNB (b).

contribution to the diagnosis and acceptable complication
rates. Correct selection of the guide method, fine needle or
core needle, and needle thickness to be used are important
in terms of diagnostic accuracy and complication rates (671,
However, only fine needle biopsies with a 20-G needle
thickness were included in this study.

The most common complication of TTFNB is pneumothorax
if the lesion is not pleural-based, and chest tube insertion
may be required if it is large and symptomatic. Another
common complication is hemorrhage. Rarely, air
embolism, needle track metastasis, and death can be
seen [8 In the study by Soylemez Wiener et al. [, the

rate of pneumothorax due to the procedure was 15-25%,
while the need for chest tube insertion was 4-6%, and the
rate of severe hemorrhage was found to be about 1%,
except for the hemorrhage in the needle tract, which is
frequently seen. In the study of Boskovic et al., ['% the rate
of pneumothorax was reported as a wide range of 9-54%.
While the diagnostic success of fine needle and core needle
biopsy are close to each other in some studies ['"], the core
needle is found to have higher accuracy in some studies
(121 On the contrary, studies show that fine needle biopsies
have fewer complications and higher accuracy rates than
core needle biopsies if the procedure is accompanied by a
pathologist 131, In addition, the selected needle thickness
in the procedure can be a determining factor in both
diagnosis and complication rates. In a study by Kuban et
al,, " it was determined that the risk of pneumothorax
increased when the needle thickness increased. In a study
by Moore et al,!" no significant difference was found
between the risk of complications and needle thickness.
In addition, the increase in needle thickness did not
increase the diagnostic accuracy. However, in that study, a
pathologist accompanied for cytological evaluation during
the procedure, and while the requirement for multiple
passes is higher in needles with less thickness, one pass
was mostly sufficient in biopsies performed with 18-G
needles. The size of the lesion is also one of the main factors
determining diagnostic success. While the diagnosis rate
is low and the risk of complications is high in nodules
smaller than 1 cm 119, the diagnostic accuracy increases
significantly in nodules larger than 1 cm V7], Particularly,
lesions larger than 3 cm are a predictor of diagnostic
success U181, In our study, a lesion smaller than 3 cm does
not seem to decrease the chance of diagnosis (Tables 3 and
4). Although there are studies suggesting CT, because it is
difficult to reach small lesions with USG, Jarmakani et al. 19!
state that there is no correlation between lesion size and
diagnostic accuracy in terms of USG and CT guidance.

Similarly to the literature, it is found that the main factor
reducing diagnostic success was the presence of necrosis.
The presence of necrosis reduces the success rate in both
methods (p<0.001). Especially when USG is chosen as the
guiding method, it is thought to be the main factor in
the lower accuracy and sensitivity ratio compared to CT
since it can be radiologically more difficult to distinguish
between viable and necrotic tissue. For this reason, CT
may be more appropriate as the guide method to be
chosen in necrotic masses. However, the lower chance of
success in USG-guided biopsies may also be due to the
higher median size of the lesions than CT-guided lesions.
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Because it is expected that the content of necrosis is much
more in large malignant tumors. On the contrary, there are
some studies stating that USG is more successful because
it provides real-time imaging in the presence of necrosis
[20] |n another study, the accuracy and sensitivity of USG
were found to be higher than CT in pleural-based lesions,
especially if the lesion size is large and the length of the
mass contacting the pleura (lesion-pleura contact arc
length) is more than 4 cm. However, in this study, thicker
needles were used in USG-guided procedures compared to
CT-guided procedures [21],

In our study, CT was found to have greater accuracy and
sensitivity than USG, with respective values of 87.9%,
87.3% for CT, and 82.6%, 82.1% for USG. Similarly, in a
comprehensive meta-analysis study, CT guidance was
foundto be superiorto USG, and the accuracy and sensitivity
of CT were 92.1%, while the accuracy and sensitivity of USG
were reported as 88.7% and 91.5% [22],

Pneumothorax is an extremely rare complication in
pleural-based lesions. In our study, minimal pneumothorax
was developed in 2 cases which were both performed
under CT guidance, and a chest tube placement was not
needed. One of them was smaller than 3 cm, while the
other was larger than 7 cm. The reason for this was that
the parenchyma was traversed due to the respiratory
movement during the pass of the needle in the small
lesion (Fig. 2), while the subpleural millimetric air cyst was
accompanied by the larger lesion (Fig. 3).

Pneumothorax did not develop in any of the USG-guided
procedures. The reason for this was thought to be an
advantage that parenchymal transition could be avoided
since respiratory movement could be seen in real-time
with USG. Similarly, Lee et al. [23] reported that USG is safer
and has a lower complication rate in peripheral lesions
larger than 1 cm. However, in smaller lesions or especially
if the length of the lesion contacting the pleura is narrow,
it was thought that it would be safer to prefer CT guidance
primarily. In addition, CT is preferred in lesions where
access is restricted due to rib or scapula superposition, and
in lesions close to vital structures such as the aorta and
pulmonary artery, to provide better anatomical orientation,
while in suitable lesions, it may be more appropriate to
try USG-guided biopsy first to protect the patient from
exposure to radiation due to the procedure.

The study has some limitations. First, it is a single-center
study and has a retrospective nature. However, the center
where the study was conducted is one of the biggest chest
diseases research hospitals and all patients in the study

were generalizable, even though the sample size is not large
enough. Secondly, although the randomized selection was
applied to a large extent when allocating patients for CT
or USG guidance, the selection of the radiologist according
to the known literature data was based on lesion size and
localization, which may lead to selection bias in some
patients. Beyond that, TTFNB already has basic criteria that
radiologists have to follow up in addition to the selection of
CT and USG guidance.

Conclusion

This study showed that diagnostic accuracy and sensitivity
are slightly higher in CT-guided transthoracic fine needle
aspiration biopsies than in USG-guided. Therefore, the
guide method to be chosen should be decided after
a detailed evaluation for each lesion, and the most
appropriate method should be selected.
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