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Abstract
Introduction: Video-assisted thoracoscopic surgery (VATS)-guided diagnostic wedge resection (WR) is frequently used for remov-
al of pulmonary nodules (PNs). Preoperative computed tomography (CT)-guided coil localization (CL) is often used for guidance. 
Aim: To evaluate the feasibility, safety, and effectiveness of CT-guided trans-pulmonary-hepatic approach CL of PNs near the 
right lung base.
Material and methods: Consecutive patients with PNs who underwent CT-guided CL followed by VATS-guided WR at our center 
from January 2018 to December 2020 were analyzed. 
Results: One hundred and twenty-two patients with PNs underwent CT-guided CL followed by VATS-guided WR at our center. 
Of them, 5 (4.1%) patients had PNs near the right lung base and underwent the CT-guided trans-pulmonary-hepatic approach 
CL procedures. The technical success rate of CL was 100%. The VATS-guided WR was 100% successful. No patient required tho-
racotomy. 
Conclusions: CT-guided trans-pulmonary-hepatic approach CL for PNs located near the right lung base is technically feasible. 
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Introduction
Video-assisted thoracoscopic surgery (VATS)-guided di-

agnostic wedge resection (WR) is frequently used for the re-
moval of pulmonary nodules (PNs) [1–3]. To increase its suc-
cess rate, preoperative computed tomography (CT)-guided 
coil localization (CL) is often used for guidance [1–3]. The 
use of preoperative CL assessment may also reduce the  
requirement for resection or thoracotomy on PN diagno- 
sis [2].

With peripheral PNs, the coils are usually located at the 
peripheral pleura [1–3]. Recently, CL has been successfully 
used in difficult cases including multiple, sub-fissural, and 
scapula-blocked PNs [4–6]. Besides these, some patients 
have PNs near the base of the right lung. According to the 
principle of CT-guided CL, the coil should be localized at the 
pleura which is nearest to the target PN [6, 7]. Therefore, 
when we encounter PNs near the base of the right lung, 
the coil should be localized at the right lung base pleura. 
Because the right lung base is close to the diaphragm and 
liver, in these cases, the coil should be placed in both the 
lung and liver to locate the PNs.

Aim
Here, we aimed to assess the feasibility, efficacy, and 

safety of preoperative CL using the trans-pulmonary-hepat-
ic approach for PNs near the right lung base. 

Material and methods
This retrospective single-center study was approved 

by our Institutional Review Board. As the study was ret-
rospective, the patient informed consent requirement was 
waived. 

Study design
One hundred and twenty-two patients with PNs under-

went CT-guided CL followed by VATS-guided WR at our cen-
ter between January 2018 and December 2020. Of these,  
5 (4.1%) patients had PNs near the right lung base and un-
derwent CT-guided trans-pulmonary-hepatic approach CL 
procedures. The resection approach was individualized for 
each patient, decided by discussion between radiologists, 
oncologists, and thoracic surgeons.
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The inclusion criteria were: (a) a CT-based maximal long-
axis PN diameter ≤ 30 mm; (b) a  PN located in the right 
lower lobe; (c) a  PN-peripheral pleura distance > 30 mm; 
and (d) a PN-lung base distance ≤ 20 mm (Figure 1). 

The exclusion criteria were: (a) a  benign PN, charac-
terized by typical appearance, calcifications, and nodules 
that showed reduced size on follow-up; (b) a PN diameter  
< 5 mm; and (c) evidence of active infection or bleeding, 
as well as abnormal coagulation and reduced cardiopulmo-
nary reserve.

CT-guided trans-pulmonary-hepatic approach CL was 
performed under local anesthesia by a  chest radiologist 
with experience (over 10 years) in CT-guided procedures. 

During the procedure, patients were required to avoid mov-
ing and to breathe regularly.

The optimal pathway for the needle was determined by 
preoperative CT. The needle (18G, Precisa, Roma, Italy) was 
inserted into the lung and liver (Figure 2 A). The length of 
the intra-hepatic needle path was controlled within 10 mm 
while that in the lung was within 10 mm of the PN. Then, 
a 0.038-inch diameter and 50 mm long coil (Cook, IN, USA) 
was partly inserted into the liver. The needle was then re-
moved smoothly so that the residual coil was inserted in 
the lung near the PN (Figure 2 B). When the coil localization 
was completed, we inserted the needle again and injected 
~0.5 ml of methylene-blue for additional localization.

The patient then received a postoperative CT scan to 
determine the likelihood of procedure-related complications.

VATS-guided WR was performed within 24 hours of CL. 
The WR procedure was conducted according to the visualiza-
tion of the coil (Figure 3) using a cutting boundary > 2 cm 
from the coil. The coil was also removed from the liver during 
the VATS procedures.

Figure 1. A PN near the lung base that is suitable for trans-pulmo-
nary-hepatic approach CL

Figure 2. A – Insertion of the needle (18G) into the lung and liver. 
The needle body is near the PN (arrow). B – The coil is positioned 
near the PN (arrow) and inserted into the lung and liver

A

B

Figure 3. The coil (short arrow) partially inserted into the lung in-
dicating successful CL. The long arrow indicates the diaphragm
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The resected lung tissue was rapidly assessed by our 
Department of Pathology and if the PN was considered to 
have progressed beyond the mini-invasive adenocarcino-
ma (MIA) stage, further lymph node dissection or lobec-
tomy was performed.

Definitions
CT-guided trans-pulmonary-hepatic approach CL was 

considered technically successful when partial insertion of 
the coil into the lung was observed during the VATS pro-
cedure. Wedge resection was considered technically suc-
cessful when the PN could be found in the resected lung 
parenchymal tissue.

Results
Patients
Table I  shows the baseline data of the five patients 

(male: 3; female: 2). No patient had a history of malignancy. 
Each patient had one PN near the right lung base and no 
other PNs were found among any of these 5 patients. The 
median age, PN diameter, lesion-lung base distance, and 
lesion-lateral pleura distance were 58 years (range: 52–65 
years), 8 mm (range: 5–9 mm), 6 mm (range: 3–8 mm), and 
44 mm (range: 39–61 mm), respectively.

Technical success of CL
The technical success rate of CT-guided trans-pulmo-

nary-hepatic approach CL was 100% (Table II). Patients 
were placed in the prone position and each PN was local-
ized with one coil and the median distance of the intrapul-
monary needle path was 55 mm (range: 50–69 mm). The 
median CL duration was 15 min (range: 12–16 min). 

Intrapulmonary bleeding around the pathway was ob-
served in all patients. Only one patient (patient 3) experi-
enced asymptomatic pneumothorax after CL. The pneumo-

thorax was detected by the postoperative CT scan. None of 
the CL-related complications influenced VATS. No patient 
experienced any complications in liver parenchyma.

Technical success of WR
The VATS-guided WR was 100% successful. The coil re-

mained in position in all patients and no patient required 
thoracotomy. The median WR procedure duration was  
35 min (range: 30–40 min). The pathological diagnoses of 
these five PNs were invasive adenocarcinoma (n = 1), mini-
mally invasive adenocarcinoma (n = 2), adenocarcinoma 
in situ (n = 1), and benign PN (n = 1). One patient (No. 1) 
where the PN was diagnosed as invasive adenocarcinoma 
underwent additional lobectomy. All malignant PNs were 
“R0” resected. The median blood loss was 50 ml (range: 
20–100 ml). 

Discussion
In this study, we illustrate our experience using preop-

erative trans-pulmonary-hepatic approach CL for PNs near 
the base of the right lung. Firstly, the technical success rate 
of CL in this study was 100%, which agrees with previous 
reports of CT-guided CL for PNs (89.6–94.4%) [1–3]. The 
high success rate of trans-pulmonary-hepatic approach CL 
can be attributed to the following factors: (a) the relative 
anatomical position and morphology of the right lung base 
and liver allow the puncture needle to puncture both the 
lung and liver simultaneously; (b) the coil is long enough 
(50 mm) to be positioned in the lung and liver simultane-
ously; and (c) the length of the coil in the liver was con-
trolled within 10 mm, allowing most of the coil to be in-
serted into the lung. This ensured the stable positioning of 
the coil within the lung. 

Li et al. [5] and Xia et al. [7] performed CT-guided 
trans-fissural CL for patients with sub-fissural PNs with 

Table I. Baseline data of the 5 patients

No. Age 
[years]/gender

Diameter
[mm]

Nature Lesion-lung base distance 
[mm]

Lesion-peripheral pleura distance 
[mm]

1 55/female 8 Solid 8 39

2 52/male 5 GGN 3 61

3 60/female 8 Solid 5 44

4 65/male 9 Mixed GGN 7 42

5 58/male 8 Mixed GGN 6 52

GGN – ground glass nodule.

Table II. Details of coil localization

No. Technical 
success

Patients’ 
position

Duration 
[min]

Intrapulmonary needle 
path distance [mm] 

Complication

1 Yes Prone 16 52 Bleeding around the pathway

2 Yes Prone 12 69 Bleeding around the pathway

3 Yes Prone 15 50 Asymptomatic pneumothorax; Bleeding around the pathway

4 Yes Prone 14 55 Bleeding around the pathway

5 Yes Prone 16 61 Bleeding around the pathway
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both teams achieving 100% technical success. There are 
certain similarities between the CT-guided trans-fissural 
and trans-pulmonary-hepatic approach CL procedures. For 
trans-fissural CL, the coil is localized on the pleural fissures 
between the target site and the adjacent lobes while for 
trans-pulmonary-hepatic approach CL, the coil is positioned 
on the lung base between the lung and the diaphragm.

VATS-guided WR was successful in all (100%) of the pa-
tients in this study. This high success rate is comparable 
to those previously reported for CT-guided CL for PN resec-
tion (93.1–97.2%) [1–3] and can be attributed to the suc-
cess of the CL. In addition, the injection of methylene-blue 
enhanced the effectiveness of localization. Furthermore, no 
coils were dislodged from the lung during the VATS proce-
dures in this study. Although the coil was placed into the 
lung and liver simultaneously, most of the coil was posi-
tioned in the lung. Thus, when the lung was collapsed dur-
ing the VATS procedure, the coil remained in place.

The incidence of CL-related pneumothorax was 20% in 
this study. This is slightly higher than previously reported 
(9–15.8%) for CT-guided CL for PN resection [1, 8, 9]. Fur-
thermore, all patients experienced intrapulmonary bleed-
ing around the path. These findings could be attributed to 
the long intrapulmonary distance of the needle path (me-
dian 55 mm). For the more common PNs situated near the 
lateral pleura, the intrapulmonary needle path distance 
was usually less than 20 mm [1, 9]. It is well known that 
a  longer intrapulmonary needle path is associated with 
a  higher complication rate [10]. Furthermore, we did not 
observe any complications in liver parenchyma. This finding 
might indicate that it was safe to place a partial coil in the 
liver parenchyma. 

This study has several limitations. Firstly, it is a single-
center retrospective analysis and, therefore, risks selection 
bias. Secondly, the small sample size necessitates further 
research to validate the findings. There was also no control 
group. However, given that CT-guided trans-pulmonary-he-
patic approach CL is not a common procedure and is used 

only in limited numbers of patients, we consider that our 
findings nevertheless show the feasibility and safety of the 
procedure.

Conclusions
The preoperative CT-guided trans-pulmonary-hepatic 

approach CL for PNs located near the right lung base is 
technically feasible. Further studies with a  large sample 
size are still needed.
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