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Objective: To retrospectively evaluate the feasibility of 
CT fluoroscopy-guided percutaneous marking using a 
25-gauge needle and indigo carmine before video-as-
sisted thoracoscopic surgery (VATS) for small lung 
lesions.
Methods: 21 patients, 14 males and 7 females, with a 
median age of 69 years (range, 40–79), underwent CT 
fluoroscopy-guided percutaneous VATS marking using a 
25-gauge, 70-mm needle and 1.5-ml indigo carmine. The 
mean diameter of the lung lesions was 14 mm (range, 
6–27). We evaluated the technical success rate, surgical 
success rate and complications related to this procedure 
by reviewing medical records and images. Technical 
success was defined as completion of this procedure. 
Surgical success was defined as resection of the target 
lesion with negative margins on pathological examina-
tion after VATS. Complications that required advanced 

levels of care were classified as major complications, and 
the remaining complications were considered minor.
Results: The technical success rate was 100%. In all 
cases, VATS was successfully performed as planned, and 
the target lesion was resected with negative margins on 
pathological examination after VATS. Thus, the surgical 
success rate was 100%. Mild pneumothorax was found 
in two cases, but further treatment was not required. 
The minor complication rate was 9.5% (2/21), and major 
complication rate was 0%. Only two patients (9.5%) 
complained of slight pain upon puncture, but local 
anaesthesia was not required.
Conclusion: Percutaneous CT fluoroscopy-guided VATS 
marking using a 25-gauge needle without local anaes-
thesia appears feasible and safe.
Advances in knowledge: This technique expands a 
possibility of the CT-guided marking.
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iNTRODuCTiON
The mortality of lung cancer is higher than that of any 
other cancers and NIH has reported that lung cancer is the 
cancer with the worst mortality in their 2016 announce-
ment.1 Recently, due to technological innovation in CT, 
small lung lesions, including adenocarcinoma in situ and 
minimally invasive adenocarcinoma, can be detected.2–4 To 
diagnose malignancy, however, histological examination 
is mandatory. Generally, bronchoscopic lung biopsy is the 
first choice, but sometimes it is difficult to reach peripheral 
lesions.5 CT-guided percutaneous biopsy is another option, 
but it has a risk of complications such as pneumothorax, 
haemothorax and air embolism.6 Thus, video-assisted 

thoracoscopic surgery (VATS) has recently gained wide-
spread acceptance for both diagnosis and treatment of such 
lesions because it can minimize post-operative morbidity 
and remove as small a volume of lung tissue as possible.7,8 
However, the disadvantage of VATS is the difficulty in 
detecting small subpleural lesions, which are frequently 
neither visible nor palpable. Therefore, pre-operative CT 
fluoroscopy-guided percutaneous marking of a pulmonary 
lesion often plays an important role. Conventionally, 20- to 
23-gauge needles have been used for local anaesthesia and 
marking, but it often produces local pain.9,10 On the other 
hand, a 25-gauge needle is fine and anaesthesia is not neces-
sary to puncture the skin; therefore, we considered that this 
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Figure 1.  A 25-gauge needle (TOP® Spinal Needle).

needle should be usable for CT fluoroscopy-guided percuta-
neous VATS marking. In this study, we evaluated feasibility of the 
new technique of CT fluoroscopy-guided percutaneous VATS 
marking using a 25-gauge needle and indigo carmine.

MeThODs AND MATeRiAls
The study was approved by the Ethics Committee of Nagoya City 
Hospital Bureau (16-04-384-42).

The authors have no conflicts of interest directly relevant to the 
content of this article.

This retrospective study was approved by the Institutional 
Review Board, and written informed consent for the procedure 
was obtained from each patient. 

21 patients, 14 males and 7 females with a median age of 69 years 
(range, 40–79 years), underwent CT fluoroscopy-guided percu-
taneous VATS marking using a 25-gauge needle. All lesions 
were diagnosed as adenocarcinoma in situ, lepidic predominant 
adenocarcinoma, atypical adenomatous hyperplasia or adeno-
matous hyperplasia by chest radiologists, and VATS was consid-
ered to be indicated. The mean diameter of the lesions was 14 
mm (range 6–27). 19 lesions (91.5%) had solid opacity, and 2 
(9.5%) had only ground glass opacity. Location of the lesions was 
as follows; the right lung in 14 (upper lobe in 6, middle lobe in 
2, lower lobe in 6) and left in 7 (upper lobe in 3, lower lobe in 4). 
We evaluated the technical success rate, surgical success rate and 
complications related to this procedure by reviewing medical 
records and images. Technical success was defined as completion 
of this procedure. Surgical success was defined as resection of 
the target lesion with negative margins on pathological examina-
tion after VATS. Complications that required advanced levels of 
care were classified as major complications, and the remaining 
complications were considered minor.

Technique of the procedure
All marking procedures were performed on the day of VATS, 
and a 25-gauge needle (Figure 1, TOP® Spinal Needle, 25-gauge 
70 cm, TOP Corporation, Tokyo, Japan) was used in all proce-
dures. During the procedure, first, chest CT scan was performed 
to confirm the position of the pulmonary lesion. Then, after 

disinfection, the 25-gauge needle was punctured and the tip was 
placed within 10 mm of the lesion under CT fluoroscopy with 
breath-hold after expiration, without local anaesthesia. When it 
was confirmed by CT fluoroscopy that the needle was near the 
pulmonary lesion, 1.0 ml of indigo carmine (1 mg ml−1) was 
injected. Then, the needle was immediately withdrawn with 
injection of 0.5 ml of indigo carmine. The total amount of indigo 
carmine was 1.5 ml. Chest CT scan was repeated immediately 
after the procedure to evaluate the marking position and compli-
cations. In all cases, VATS was performed immediately after 
placement of the marker, usually within 1–3 h.

ResulTs
In 20 out of the 21 cases, puncture was successfully performed 
using the 25-gauge needle, and indigo carmine was injected as 
planned (Figure 2). Only in one case, the marking for the lesion 
was not enough due to poor deposition of indigo carmine, and 
the procedure was performed again in the same manner. In 
this case, the marking was completed successfully eventually. 
Thus, the technical success rate was 100%. All patients did 
not request any analgesia. In all cases, VATS was successfully 
performed as planned, without conversion to extended resec-
tion, and the target lesion was resected with negative margins 
on pathological examination after VATS. Thus, the surgical 
success rate was 100%. Slight pneumothorax was found in 
two cases, but further treatment was not required. There 
were no complications requiring advanced levels of care or 
procedure-related deaths. Thus, the minor complication rate 
was 9.5% (2/21), and major complication rate was 0%. Only 
two patients (9.5%) complained of slight pain upon punc-
ture (Level 3–4 pain of the Numerical Rating Scale), but local 
anaesthesia was not required. The mean procedure time was 26 
min (range, 19–49).

DisCussiON
In this study, we demonstrated a high technical success rate 
(100%) and surgical success rate (100%) with a low complication 
rate (minor 10%, major 0%) for our procedure of VATS marking. 
Generally, local anaesthesia is applied for the skin and pleura 
before marking. However, it was reported that 7% of patients felt 
strong pain during the VATS marking procedure even with local 
anaesthesia.11 On the other hand, in our study, only two patients 
(9.5%) complained of slight pain upon puncture, but they did 
not require local anaesthesia. We think the puncture with local 
anaesthesia may be as painful as this procedure. Thus, we think 
this percutaneous CT fluoroscopy-guided VATS marking using 
a 25-gauge needle without local anaesthesia can be a feasible and 
safe procedure.

There are two advantages of this method. First, in the conven-
tional method, there is a risk of developing pneumothorax by 
local anaesthesia for the pleura. When pneumothorax occurs, 
appropriate puncture near to the lesion becomes difficult. In 
our method, however, puncture to the lung could be performed 
without pneumothorax in all cases. Thus, the puncture can be 
more easily performed. Second, elimination of local anaesthesia 
is useful especially for patients who have an allergy to drugs for 
local anaesthesia.

http://birpublications.org/bjr
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Figure 2.  A 73-year-old female with a lung nodule in the right upper lobe. (a) CT shows the nodule in the right upper lobe 
lung (arrow). (b) CT fluoroscopy during the procedure shows the 25-gauge needle was inserted successfully near to the nodule 
(arrow). (c) CT fluoroscopy image 5 mm below shows the tip of the 25-gauge needle (arrow) was located within 10 mm of the 
nodule, and indigo carmine was injected. (d) CT after the procedure shows successful deposition of indigo carmine (arrow head) 
close to the nodule (arrow). (e) Macroscopically, deposition of indigo carmine is confirmed (arrows). Small purple areas are mark-
ings by surgeons using a pen to estimate the location of the nodule (arrow heads).
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In the literature, several VATS marking methods were reported 
using a hook-wire, lipiodol or radioisotope.12–15 However, air 
embolism is a serious complication in the procedure using the 
hook-wire.6,16–18 Furthermore, there is a risk of drop out of the 
hook-wire before surgery.9,11,15 The procedures using lipiodol 
or radioisotope are easy, but need fluoroscopy to confirm the 
location during surgery. Thus, the procedure using a dye is 
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rials, such as indocyanine green, methylene blue and indigo 
carmine, have been reported.10,19 Among them, indigo carmine 
has better stability compared with the other materials, and 
thus, we think indigo carmine is an appropriate material for 
VATS marking.20

On the other hand, a percutaneous ablation procedure recently 
has been reported for lung tumours.21,22 We think it can be an 
alternative treatment option for small lung lesions in place of 
VATS. Unfortunately, however, it is not covered with medical 
insurance in our country at present. Thus, VATS is still an 
important option, and percutaneous CT fluoroscopy-guided 
marking is also a meaningful procedure.

Our study has several limitations. The small sample size and 
retrospective design were key limitations. In addition, the 
surgical success of our study may not accurately reflect the effec-
tiveness of CT fluoroscopy-guided marking because surgery 
might be successfully performed even when marking was not in 
the correct place. Furthermore, in this study, we could not eval-
uate pain scales during the procedure objectively. We think there 
is a possibility that cases exist in which this procedure would be 
difficult to perform, especially for patients who are sensitive to 
pain. Thus, we think further prospective comparative studies 
with large patient numbers are required.

In conclusion, percutaneous CT fluoroscopy-guided VATS 
marking using a 25-gauge needle and indigo carmine appears to 
be feasible and safe.
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