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Abstract

Background: Fusion image improves lesion detectability and can be an effec-
tive tool for percutaneous ultrasound (US)-guide procedure. We describe the
clinical benefit of US-guided lung biopsy using fusion image. Purpose: To re-
trospectively compare the diagnostic accuracy and complication rates of
US-guided lung biopsy with B-mode alone and those of a fusion image
created using real-time US and computed tomography (CT). Materials and
Methods: Between September, 2013 and September, 2016, 50 peripheral lung
lesions in 50 patients (40 males, 10 females; median, 74 years old) were per-
formed by US-guided percutaneous cutting needle biopsy using the B-mode
alone or fusion image. Final diagnoses were based on surgical outcomes or
clinical follow-up results for at least 12 months after biopsy. To assess prebi-
opsy characteristics, all lesions were divided into two groups: group 1 (identi-
fication on B-mode) and group 2 (identification on fusion image). Results: Of
50 peripheral lesions, 40 lesions (80%) were detected by means of B-mode
alone (group 1), and 10 lesions (20%) were identified by fusion image (group
2). The diagnostic accuracy of group 1 was 90% (36/40 lesions), and the di-
agnostic accuracy of group 2 was 100% (10/10 lesions). Nodule type and the
size of the lesions showed significant group wise differences (p < 0.001 and
p = 0.02, respectively). Pneumothorax occurred immediately after the first
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puncture in five of 50 (10%) lesions, with no symptom development in all
patients. Conclusion: Fusion images created using real-time US and CT
may be useful for identification of the minimal size of potential target lung
lesions and may be more suitable for improved yields with US-guided lung
biopsy.
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Ultrasound, Fusion Image, US-Guided Lung Biopsy, Diagnostic Accuracy,
Safety

1. Introduction

In the era of personalized medicine in oncology, the requirement for a least in-
vasive biopsy technique that can provide accurate diagnosis is becoming increa-
singly important. Several investigators have described the utility and safety of
ultrasound (US)-guided transthoracic cutting needle biopsy and fine needle as-
piration in chest lesions [1]-[10]. However, these studies were conducted only in
the conventional B mode, and thus occurrence of mis-targeting is possible. Al-
though careful US examination is required to detect the contact area between the
peripheral lung lesion and the pleura, conditions such as pleural adhesions and
bullous emphysema may interfere with US-visualization of the pleural surface
[11] [12].

Recently, fusion image with real-time US and computed tomography (CT) has
been introduced in interventional radiology [13] [14]. In the chest, fusion image
can be used to assist in detecting the pleural-lesion contact area in extremely
small solid nodules. Moreover, the fusion image of the pleural membrane asso-
ciated with solid component of part-solid ground-glass nodule (GGN), results in
localization of the lesion. The effectiveness of fusion image for US-guided lung
biopsy has not been reported. The purpose of this study was to compare the di-
agnostic accuracy and complication rates associated with US-guided lung biopsy
with B-mode alone and those of fusion images created using real-time US and
CT.

2. Materials and Methods
2.1. Patients

The institutional review board approved this retrospective study and waived the
requirement for informed consent. This retrospective study was conducted at a
single institution. Between September, 2013 and September, 2016, US-guided
percutaneous cutting needle biopsy was conducted for 63 thoracic lesions. Biop-
sy was performed for all patients within 4 weeks after a chest lesion was detected
with CT. Of these, 12 mediastinal lesions and one lung lesion were excluded be-

cause of the use of contrast-enhanced US for detection of the lesion [15]. The
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remaining 50 peripheral lesions in 50 patients (40 males and 10 females; age

range, 50 - 86 years old; median age, 74 years old) were examined in this study.

2.2. US Examination and US-Guided Biopsy Procedure

All patients were evaluated using the GE LOGIQ Q9 US imaging system (GE
Healthcare Worldwide, Chicago, IL, USA). US examinations were performed by
an interventional radiologist (with experience of >30 years). Patients were placed
in the supine, prone, or right/left lateral decubitus positions. The indication of
fusion image depended on the same interventional radiologist. Initially, US us-
ing the conventional B-mode was conducted to identify CT-detected lesions.
When a solid nodule was not identified through conventional B-mode, fusion im-
age with real-time US and CT was performed using a commercially available US
unit (Figure 1). Moreover, fusion image was successful in localizing the part-solid
GGN with pleural involvement, despite non-detection of the ground-glass opacity
within the sonographic window (Figure 2). For the fusion image, the manu-
brium of the sternum served as a reference point to synchronize the spatial rela-
tionship between the CT and US images in supine position. In the prone or lat-

eral position, the first or 12 spinous process was used as a reference point. Once
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Figure 1. Pulmonary nodule in a 61-year-old woman with a history of minor salivary
gland tumor (adenoid cystic carcinoma) and breast cancer. (a) Chest CT scan showed a
4-mm peripheral solid nodule (arrow) in the right middle lobe; (b) Although B-mode
alone failed to reveal the solid nodule, localization of the solid nodule was possible using
fusion image with real-time US (white arrow) and CT (black arrow); (c) The inserted line
was visualized as a dotted line; subsequently, the biopsy needle (short arrows) was intro-
duced into the lesion (long arrows) along the dotted line. Only one puncture was per-
formed due to pneumothorax. The biopsy revealed metastatic lesion of minor salivary
gland tumor (adenoid cystic carcinoma).

(®)
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Figure 2. An 80-year-old man with a 20-mm part-solid GGN. (a) Chest CT scan showed
a peripheral pulmonary part-solid GGN; (b) Fusion imaging of the contact area between
the pleura and the solid component to localization of the lesion; (c) The inserted line was
visualized as a dotted line through the contact area between the pleura and the solid
component (long arrow). The biopsy needle (short arrows) was introduced into the lesion
along the dotted line; subsequently, two samples were obtained without occurrence of
pneumothorax. The biopsy revealed that the lesion was adenocarcinoma.

the CT and US images were linked on the monitor, examination through the fu-
sion image was conducted. The safe needle path was set to pass the biopsy needle
through the pleura adjacent to the solid component of the lesion to reduce the
risk of pneumothorax. In this study, there were no cases excluded owing to less
secure needle guidelines despite identification of the pleura associated with the
solid component of the lesion. The same interventional radiologist performed all
biopsies with the help of one of eight radiology fellows. All biopsies were per-
formed using puncture-guided devices with imaging. While the probe was fixed
firmly to indicate the lesion, the 18-gauge guiding needle (US-guided puncture
needle; CREATE MEDIC CO., LTD, Yokohama, Japan) was inserted into the
chest wall under local anesthesia with 1% lidocaine (Xylocaine; Astra-Zeneca,
Osaka, Japan). After a 20-gauge automatic cutting needle with a length-throw of
20 mm (Bard Magnum; Bard Biopsy Systems, Tempe, AZ, USA) was introduced
through the guiding needle, the patients were told to hold their breath. Under
breath-holding, the tissue was punctured using the cutting needle and the needle
was then withdrawn from the body. The specimen was immediately placed in an
individual formalin-filled container. Acquisition of two specimens is the stan-
dard procedure. If pneumothorax occurred immediately after the first puncture,
only one sample was obtained. On exposure of the guiding needle to room air
during withdrawal of the biopsy needle, the radiologist covered the hole of the
guiding needle with his finger to prevent air from flowing into the lung or the
pleural cavity. When the operators considered the quantity of the specimen in-

sufficient through visual examination, acquisition of specimens was repeated
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because no pathologist was on site. If the patients complained of symptoms as-
sociated with pneumothorax or hemoptysis after the procedure, a chest CT was
obtained. In addition, posteroanterior chest radiographs of all patients were ob-

tained on the following day.

2.3. Data Collection and Study Definition

One interventional fellowship-trained radiologist (with experience of >10 years)
evaluated medical records for consecutive patients presenting for US-guided bi-
opsies and assessed the lesions’ characteristics and procedure parameters. One
radiologist (with experience of >30 years) and the same interventional fellow-
ship-trained radiologist independently measured the longest diameters of all le-
sions on CT. The longest diameter was measured along the long axis of the le-
sion on the lung window setting of CT. The lesion-pleura contact arc length
(LPCAL) of all lesions was measured on CT twice on different days by the same
interventional fellowship-trained radiologist. The pleural lesion contact area was
defined as a cross-sectional view of the peripheral lung lesion in contact with the
overlying pleural surface in the CT mediastinum setting. The LPCAL was meas-
ured as a straight-line approximation, in order to obtain the total value of each
value (<10 mm) separately measured along the maximum curvature length of
the lesion on the mediastinal window setting of CT. The mean values were ac-
cepted for all quantitative data. The lesions were divided into two groups: group
1 (identification on B-mode) and group 2 (identification on fusion image).

The pathological results of the specimens were classified as malignant, benign,
and non-diagnostic. Insufficient specimens with a paucity of suspicious cellular-
ity were considered non-diagnostic. For statistical analysis, the pathologically
malignant results were regarded as positive in biopsy, while the pathologically
benign results were considered as negative in biopsy. The diagnostic accuracy of
US-guided biopsy was calculated using the follow formula: diagnostic accuracy
(%) = number of lesions accurately diagnosed (true positive + true negative)/total
number of lesions. A true-positive case included a malignant biopsy result con-
firmed by the surgical specimen or the post-procedural malignant clinical
course. A true-negative case included a benign biopsy result together with sur-
gical confirmation or the subsequent clinical course showing no increase in size
or the disappearance of lesion with or without administration of antibiotics on
follow-up CT for at least 12 months. A case was considered as a false negative
when a benign biopsy result was contradicted by the finding of malignancy at
surgical resection, biopsy of other organs, or tumor growth observed at fol-
low-up CT examination (performed 3 months after biopsy). Tumor growth was
defined according to the Response Evaluation Criteria in Solid Tumors (RECIST).
Final diagnosis was defined as a clinical diagnosis at the end of the follow-up pe-

riod or by September, 2017.

2.4. Statistical Analyses

Continuous variables were expressed as the mean and standard deviation. Be-
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tween the two groups, the Mann-Whitney’s U test was used to compare quantit-
ative variables, and the chi-square test was used to compare qualitative variables.
A pvalue < 0.05 was considered to indicate a statistically significant difference.
Data processing and analysis were performed with commercially available soft-
ware (MedCalc version 16.8.4; MedCalc Software, Ostend, Belgium).

2.5. Results

Of 50 peripheral lesions, 40 lesions (80%) were detected by means of B-mode
alone (group 1), and 10 lesions (20%) were identified by means of fusion image
(group 2). In this study, no patient was noted as a registration error in the image
fusion approach. The patients’ and lesions’ characteristics, and procedure para-
meters between the two groups are shown in Table 1. Nodule type (p < 0.001)
and size (p = 0.02) of the lesions showed significant differences between the two
groups, whereas the other values showed no significant differences. Although
pneumothorax occurred immediately after the first puncture in five of 50 (10%)
lesions, no symptoms developed in all patients; and the sizes of the five lesions
ranged from 4 mm to 20 mm. These five patients had sufficient tissues available
for pathological diagnosis of malignancy. The final diagnosis is summarized in
Table 2. As malignant lesions, 36 lesions of primary lung cancer (non-small cell
lung cancer/small cell lung cancer = 31/5), 5 lesions of lung metastasis from
other organs, 1 lesions of malignant mesothelioma were confirmed. And the re-
maining 8 lesions were benign lesions (epithelioid cell granuloma/nonspecific =
2/6). The definitive diagnoses in group 1 were confirmed by surgery (n = 11) or
clinical course (n = 29), and 10 lesions in group 2 were confirmed by surgery (n
= 4) or clinical course (n = 6). Diagnostic accuracy between the two groups is
shown in Table 3. The diagnostic accuracy of groupl and group 2 were 90% and
100%, respectively. Four lesions with diagnostic failure (three pathological be-
nign lesions and one non-diagnostic lesion) are summarized in Table 4. Of
these, malignancy was confirmed in two lesions by lobectomy (No. 1 and No. 3),
in one lesion by repeat US-guided lung biopsy (No. 2), and in one lesion by
US-guided subclavicular lymph node biopsy (No. 4). With regard to the rela-
tionship between lesion-size and LPCAL, the diagnostic accuracy for malignant
and benign lesions is summarized in Table 5. All lesions’ characteristics using
fusion image are shown in Table 6. In this study, life-threatening major compli-

cations and hemoptysis were not observed.

Table 1. Patients’ and lesions’ characteristics and procedure parameters between the two

groups.
Group 1 Group 2 pvalue
Patients’ characteristics
Sex male 32 8 1
female 8 2
Age median 73 78 0.64
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Continued
range 50 - 86 61-85
Lesions’ characteristics
Nodule type solid 40 7 <0.001
part-solid GGN 0 3
Size (mm) median 29 17 0.02
range 9.5-116 4-38
LPCAL (mm) median 23.8 15.6 0.09
range 6.1-162.7 2.8-29.5
Location right upper lobe 9 2 0.87
(S1/82/S3/multiple) (3/4/1/1) (1/0/1/0)
right middle lobe 0 1 0.05
(S4/S5/multiple) (0/0/0) (1/0/0)
right lower lobe 14 3 0.77
(S6/57/S8/59/510/multiple) (2/0/2/2/7/1) ~ (2/0/0/1/0/0)
left upper lobe 12 3 1
(S1 + 2/83/54/S5/multiple) (9/1/1/1/0) (3/0/0/0/0)
left lower lobe 5 1 0.83
(S6/58/S9/S10/multiple) (1/0/0/3/1) (1/0/0/0/0)
Procedure parameters
Patient position supine 19 5 0.89
prone 12 1 0.2
lateral 9 4 0.26
No. of puncture median 2 2 0.36
(1/2/3/4) (4/25/9/2) (1/8/1/0)
Pnx* after first present 4 1 0.39
puncture absent 36 9
Hemoptysis present 0 0 -
absent 40 10
Pnx*: Pneumothorax.
Table 2. Final diagnosis between the two groups.
Group 1 Group 2
Malignant
adenocarcinoma 19 6
squamous cell carcinoma 5 1
small cell carcinoma 5 0
malignant mesothelioma 0 1
metastases 4 1
Benign
epithelioid cell granuloma 2 0
non-specific benign 5 1
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Table 3. Diagnostic accuracy between the two groups.

Group 1 Group 2
True positive 29 9
True negative 7 1
False negative 3 0
Non-diagnostic for malignancy 1 0
Diagnostic accuracy 90% 100%
Table 4. Results of lesions with diagnostic failure.
No type Size LPCAL Pnx* Pathological diagnosis Final diagnosis
False negative
1  solid 42 16.4 =) lymphoid infiltration adenocarcinoma
2 solid 25 17 =) fibrous tissue metastasis
3  solid 183 16.7 =) inflammation adenocarcinoma

Non-diagnostic for malignancy

4  solid 41.1 394 =) necrotic tissue with

. squamous cell carcinoma
a few malignant cells

Pnx*: Pneumothorax.

Table 5. Results of biopsies according to size and LPCAL between the two groups.

Group 1 Group 2
Malignant Size LPCAL Size LPCAL
(mm) TP EN ND TP FN ND TP FN ND TP FEN ND
<10 4 1 2
11-20 9 1 7 3 7 4
21-30 6 1 7 3
31-40 6 2 1 1
>40 8 1 1 9
Total 29 3 1 29 3 1 9 0 0 9 0 0
Benign SB NB ND SB NB ND SB NB ND SB NB ND
<10 1 1
11-20 3 1 1
21-30 1 1
31-40 1 1 1
>40 1 1 2
Total 2 5 0 2 5 0 0 1 0 0 1 0

TP: true positive, FN: false negative, ND: non-diagnostic, SB: specific benign, NB: non-specific benign.

Table 6. Results of biopsy lesions using fusion image.

No Type Size LPCAL Pnx* Final diagnosis
True positive

1 solid 20 14.3 (=) adenocarcinoma
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Continued

2 part-solid GGN 17 14.7 (-) adenocarcinoma

3 solid 4 2.8 (+) metastasis

4 solid 17 26.9 (-) squamous cell carcinoma
5 solid 18.5 22.5 (-) malignant mesothelioma
6 part-solid GGN 38 12.2 (-) adenocarcinoma

7 solid 12 16.4 (-) adenocarcinoma

8 part-solid GGN 15 9.7 (-) adenocarcinoma

9 solid 19.7 29.5 (-) adenocarcinoma

True negative

10 solid 15.5 21.9 =) no malignancy

Pnx*: Pneumothorax.

3. Discussion

Characteristics of the target lesions and procedure parameters may affect
B-mode guided biopsy procedure accuracy. Liao et al. reported that the correct
diagnosis of lesions (<30 mm in diameter) was obtained in 48 of 50 (96%) peri-
pheral thoracic lesions [6]. Previous reports of US-guided thoracic biopsy indi-
cated that lesion-size did not influence the diagnostic accuracy [4] [6] [8] [9].
However, lesions that were not detected in the conventional B-mode alone may
have been excluded in these reports. In this study, 10 of 50 lesions were detected
using the fusion image, and the diagnostic accuracy of 9 (<30 mm in size) of 10
lesions was 100% (9/9 lesions). Although a predictive statistical comparison of
the diagnostic accuracy of the biopsy between the B-mode alone and the fusion
image was not conducted in this study, the fusion image might be able to im-
prove diagnostic accuracy and clarify a relationship between yield and minimal
lesion size.

Jeon et al reported that the diagnostic accuracy of US-guided biopsy using
B-mode was significantly increased for lesions in which the pleural-lesion con-
tact area was 230 mm on the CT images [8]; moreover, for lesions with LPCAL
values < 30 mm, the diagnostic accuracy decreased from 98% to 85.4%. They
concluded that US-guided biopsy of pulmonary lesions might be performed
more easily when the lesion has a contact area as wide as the US window, which
permits a flexible approach route. In this study, LPCAL showed no statistically
significant difference between the two groups (p = 0.09). However, the LPCAL
of 10 lesions using fusion image was <30 mm and the diagnostic accuracy was
100% (10/10 lesions). On the other hand, the diagnostic accuracy of biopsy using
B-mode alone decreased from 93.8% (15/16 lesions) to 87.5% (21/24 lesions) by
using an LPCAL of 30 mm as the boundary criteria. For good sampling of
US-guided biopsy of the lung, it is important that the needle tip passes exactly
through the contact area. A false-positive contact area may be detected by
B-mode alone, even if the lesion conspicuity is considered sufficient for biopsy.

Diagnostic accuracy guided with fusion images may have a higher diagnostic
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yield for lesions with LPCAL < 30 mm, although a larger prospective study is
needed.

In this study, no life-threatening symptoms were observed. Although pneu-
mothorax occurred immediately after the first puncture in five of 50 (10%) le-
sions, a chest tube was not placed due to the patients’ asymptomatic conditions.
In previous reports related to transthoracic biopsy of peripheral thoracic lesions
through US, the frequency of pneumothorax ranged from 2.6% to 4%, and the
rate of chest tube drainage ranged from 0% to 1% [6] [16] [17]. Moreover, he-
moptysis was not observed during all procedures. Previous reports have indi-
cated that hemoptysis associated with US-guided lung biopsy is an uncommon
complication [6] [16]. Thus, hemoptysis might rarely be a life-threatening con-
dition in patients undergoing biopsy under US guidance.

This study had some limitations. First, it was a retrospective study and in-
cluded a small number of lesions using fusion image. Second, the final diagnosis
was confirmed in surgically resected specimens obtained from only 15 lesions.
Third, the choice to use fusion image was made by the same operator who per-
formed the procedure. Because the selection and management for a US-guided
lung biopsy depends on the practice of the individual using US, lesion characte-
ristics can be altered by each operator. Finally, the possibility of asymptomatic
patients with pneumothorax and bleeding associated with US-guided biopsy was

not investigated.

4. Conclusion

Fusion images created using real-time US and CT may be useful for identifica-
tion of the minimal size of potential target lung lesions and may be more suita-

ble for improved yields with US-guided lung biopsy.
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