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Background: It is technically challenging to locate non-visible, non-palpable subcentimeter ground-glass
nodules (GGNs) of lung during video-assisted thoracic surgery (VATS). Computed tomography (CT)-
guided marking of small pulmonary nodules using microcoils has been reported to be a practical method of
preoperative localization, whereas dislodgement of microcoils remains to be a bothersome complication. The
objective of this study was to assess the viability and effectiveness of a newly developed hybrid technique,
which combines induced controllable pneumothorax and CT-guided microcoil marking procedure to reduce
the risk of microcoil dislodgement.

Methods: After induced minor pneumothorax, 35 patients with subcentimeter GGNs underwent CT-
guided marking with microcoils prior to VATS sublobar resection or lobectomy. Histopathological analysis
was performed after surgeries.

Results: All of 37 nodules were successfully marked before VATS. Segmentectomy was performed
in 8 cases, wedge resection in 19 cases and lobectomy in 8 cases. All nodules were completely removed
with marking microcoils. Dislodgement of microcoils was not observed in all cases and mild pulmonary
hemorrhage occurred in one case. No other complications occurred.

Conclusions: The newly developed hybrid technique which combines induced controllable pneumothorax
and CT-guided marking using microcoils was feasible and reliable for VATS resection of subcentimeter

GGNs, meanwhile significantly lowered the risk of microcoil dislocation.
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Introduction

In recent years, the development of computed tomography
(CT) technique and the expansion of low-dose CT
screening programs have led to rapidly increasing number
of newly-diagnosed patients with subcentimeter lung
nodules. It is noteworthy that lung nodules >5 mm in size
carry a high risk of malignancy, highlighting the necessity of
early intervention (1). Either for diagnostic or therapeutic
purposes, surgery plays a crucial role for these patients, and
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(VATS) is viewed as an ideal approach by most surgeons.
However, it is highly challenging to locate these tiny lesions
through the small incisions of VATS, especially when the
lesions are nonpalpable pure ground-glass nodules (GGNs)
and deeply situated in the lung tissue. For some cases,
conversion to open thoracotomy is likely unavoidable (2).
Therefore, preoperative localization of small lung nodule
has been widely accepted to as a solution and proved to be
useful.

To date, a variety of localization techniques have been
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established, such as hook-wire or microcoil labelling,
intraoperative ultrasound scan, methylene blue staining and
radio-guided detection. Among them, CT-guided hook-
wire or microcoil techniques are preferable due to higher
sensitivity, less operator dependence and lower complication
rate (3-5). Nevertheless, dislodgment of the wire or coil
after the lung collapses in the surgery remains a disturbing
problem and leads to a relatively higher failure rate of
marking (6). In the current study, we developed a novel
hybrid technique, which combines induced controllable
pneumothorax and CT-guided microcoil marking, to reduce
or even eliminate the risk of dislodgment.

Methods

Between May 2015 and March 2016, 35 patients with
37 subcentimeter lung GGNs who underwent preoperative
CT-guided microcoil marking and VATS resections
at our institution were retrospectively reviewed. Only
subpleural lesions, presumed impalpable, with a maximum
distance to the pleural surface of 30mm were included.
Lesions were incidentally found in 33 patients while they
underwent health examination or were being examined for
other medical reasons. In 2 patients with a clinical history
of malignancy, the lesions were found during follow-up
examination. No preoperative pathologic diagnoses were
obtained, either by fiberoptic bronchoscopy (FOB) or by
CT-guided needle lung biopsies.

Preoperative marking procedure

The preoperative CT scan was evaluated in an
interdisciplinary setting, including the surgeons (X.P,
L.X, J.D) and the radiologist (J.C), to determine whether
the patient required the CT-guided microcoil marking
procedure. All patients signed a written informed content
and underwent the procedure on the same day of surgery
or the day before. First, a CT scan was performed to locate
the lesions and the needle access route was planned before
inducing minor pneumothorax. The position of patient on
the CT table depended on the shortest distance between
the skin and the lesion and simultaneously allowed a safe
access with the needle. After local anesthesia, a 21-gauge,
150-mm-long Chiba needle (Cook, Bloomington, IN, USA)
was utilized, under CT guidance, to inject 200-300 mL
air into the thoracic cavity. After the lung collapsed
slightly, the same needle was loaded with the fiber-coated
platinum microcoil (Vortex-18, Diamond Shape; Boston
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Scientific, Cork, Ireland), and then was advanced to the
lung parenchyma adjacent to the target lesion (<1.5 cm). A
40-cm-length 0.018-inch guidewire (Angiodynamics Vaxcel
Mini Stick Kit, Glen Falls, NY, USA), which had been pre-
marked for the length of the microcoil segment intended
to be anchored in the lung parenchyma, was then gradually
inserted into the needle, pushing the head segment of
the microcoil into the lung parenchyma near the lesion,
while the tail segment was left on the pleural surface for
subsequent visual identification during VATS (7,8). A final
CT scan was performed to confirm the exact location of the
microcoil and no chest tube was placed if the patient had no
respiratory symptoms.

Surgical procedures

VATS was performed under general anesthesia using
single lung ventilation via a double-lumen endobronchial
tube. Two or three incisions were made, one for the
thoracoscope (usually located at the midaxillary line of
the 8" intercostal space), the other one or two incisions
(usually located at the anterior axillary line of the 4™ or
5™ intercostal space and the scapular line of the 5" or 6"
intercostal space) for the resection using an endoscopic
linear stapler. When the marking microcoil was visually
identified, finger palpation was first applied to confirm
the location of the lesions. Then a wedge resection
was performed if the lesions situated adjacent to the
pleural surface (<2 cm). Otherwise, a segmentectomy
was conducted. Excised specimen included the target
lesion, the surrounding lung parenchyma and the marking
microcoil, which was instantly sent for intraoperative
frozen-section examination. VATS lobectomy and
lymphadenectomy was performed subsequently in wedge
resection cases when required, according to pathology
analysis. While in the segmentectomy cases, lymph node
sampling was conducted subsequently when pathology
analysis indicated necessary.

Results

Between May 2015 and March 2016, 35 patients with
37 subcentimeter lung GGNs underwent preoperative CT-
guided microcoil marking procedure and VATS resection
at our institution. There were 15 men and 20 women, and
the mean age was 51.2+7.6 years (range, 39-62 years). The
size of the lesions at the CT scan ranged between 6 and
10 mm (mean size, 7.1+2.7 mm). All 37 lung lesions 24 pure
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Figure 1 A 65-year-old female patient with a 7-mm GGN situated in the RUL underwent the CT-guided microcoil marking procedure

preoperatively and wedge resection by VATS. Histopathological analysis indicated AIS. (A) After induced minor pneumothorax, a microcoil

was placed next to the lesion (white arrow, the marking microcoil; black arrow, the target lesion), shown by CT scan; (B) the tail of the

microcoil was spotted on the visceral pleura surface during the VATS; (C) a VATS wedge resection was performed to remove the target

lesion, the microcoil and the surrounding lung parenchyma; (D) inspection of the specimen confirmed the successful resection of the lesion

and the marking microcoil. GGN, ground-glass nodule; CT, computed tomography; VATS, video-assisted thoracoscopic surgery; AlS,

adenocarcinoma in situ; RUL, right upper lobe.

GGNes, 13 mixed GGNs) were successfully marked through
CT-guided microcoil marking procedure preoperatively. No
major complications were observed during the procedure,
which took a mean duration of 32.7 minutes per patient
(range, 16-49 minutes). The average time for inducing
pneumothorax was 5.7minutes, and the mean distance
between the lesion and the pleural surface was 13.4+8.1 mm.
None of the 33 patients with single lesion required chest
tube insertion for the minor pneumothorax, neither did the
two cases with double lesions. Minor bleeding within the
lung tissue, indicated by small areas of consolidation on CT
scan, was found in 12 patients (34.3%), with no hemoptysis
occurring. The tails of the microcoils were successfully
exposed on the pleural surface in 32 cases (91.4%).

Among the 35 patients, 29 (82.9%) underwent the
marking procedure on the day before surgery, while the
other 6 (17.1%) had their lesions marked on the same day
of surgery. The time to perform the VATS resection ranged
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from 2.3 to 27.6 hours (mean 18.1+2.2 hours). In All 35 cases,
surgical resection was accomplished through VAT, with no
dislodgment of microcoil observed in the surgery. Twenty-
seven patients underwent VATS wedge resection first
(Figure 1), among whom 8 patients subsequently
received VAT lobecotomy and lymphadenectomy as the
lesions were revealed to be invasive adenocarcinoma by
intraoperative pathologic analysis. The other 8 patients
underwent VATS segmentectomy due to deeply situated
lesions, among whom 2 cases required lymph node sampling
when pathologic analysis indicated minimally invasive
adenocarcinoma (MIA). In the 2 cases with double lesions,
sequential wedge resections were performed as frozen-
section examination demonstrated atypical adenomatous
hyperplasia (AAH) or adenocarcinoma in situ (AIS).

There were no perioperative or postoperative mortality
related to the surgical resection, and only one minor
hemothorax was incidentally found in the VATS resection,
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Table 1 Summary of nodule characteristics and surgical procedures

Nodule characteristics No. %
Nodule size (mm) 71x2.7
Nodule location
LUL 11 29.7
LLL 3 8.1
RUL 14 37.8
RML 2 5.4
RLL 7 18.9
Nodule type
Pure GGN 24 64.9
Mixed GGN 13 35.1
Depth from pleura
<10 mm 6 16.2
10-20 mm 23 62.2
20-30 mm 8 21.6
Final pathologic reports
Benign tumor 2 5.4
AAH 2 5.4
AIS 6 16.2
MIA 17 45.9
Invasive adenocarcinoma 8 21.6
Metastases 2 5.4
Surgery type
Wedge resection 21 56.8
Segmentectomy 8 21.6
Lobectomy 8 21.6

LUL, left upper lobe; LLL, left lower lobe; RUL, right upper
lobe; RML, right middle lobe; RLL, right lower lobe; GGN,
ground-glass nodule; AAH, atypical adenomatous hyperplasia;
AIS, adenocarcinoma in situ; MIA, minimally invasive
adenocarcinoma.

in which case the bleeding was caused by puncture injury
of the lung related to the marking procedure. The patient
required no hemostasis and recovered with no further
incident. Hospital stay ranged from 4 to 8 days (mean
4.9£1.6 days).

Postoperative analysis of the surgical specimens from
31 patients demonstrated the presence of malignancy in
33 lesions, including 6 AIS, 17 MIA, 8 invasive
adenocarcinoma and 2 metastatic adenocarcinoma. In
2 cases, the lesions were diagnosed as AAH, while benign
origin was conformed in the lesions of the remaining
2 patients. All key data were summarized in 7able 1.
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Discussion

Locating a subcentimeter lesion in the lung parenchyma
intraoperatively has usually been a time-consuming and
skill-demanding task for a thoracic surgeon, especially in
the VATS cases. With preoperative localization techniques,
however, surgeons will feel more confident in resecting the
target lesions and surgical procedures can be significantly
expedited (9). A variety of methods has been developed thus
far, and each of them has its own advantages and drawbacks.

Although methylene blue staining of the lesions yielded
high sensitivity (10,11), the spread of the colored substances
into surrounding lung parenchyma and the possibility of
color fading remain to be problematic (12). Radio-guided
detection was also favored for its high sensitivity (13,14),
whereas the need of special instruments and radiation-
related hazards limit its adoption by many institutions
and centers. As for intraoperative ultrasound detection,
it has been reported to be efficient and non-invasive, but
operator-dependence and disappointing performance in
emphysema lung parenchyma undermine its popularity in
clinical practice (15,16).

CT-guided marking of lung nodule using hook-wire or
microcoil has been repeatedly reported in the literature
and proved to be practicable with high sensitivity (3-5).
However, dislodgment of the wires or coils after lung
collapses is a frustrating problem and was reported to
occur in up to 47% of cases who underwent the hook-
wire marking procedure (17), which remarkably dampens
the outcome of marking. As for the microcoil marking
technique, the dislodgement rate was comparatively lower
reported in the literature (8,18), especially when the coil is
used only to label the target nodule but not the surface of
the lung (19). But for beginners within the learning curve
or in cases with unconsolidated GGNs, the dislodgement
of microcoil remains a headache. The dislodged coils either
hang onto the chest wall or fall into the corners of thoracic
cavity. We speculated that the greater grasping force upon
the microcoil applying from the chest wall than the one
from the lung parenchyma might be the ‘culprit’ causing
the dislodgement. In the first scenario, the microcoil is
‘captured’ by the chest wall in the ‘tug of war’ with the
lung parenchyma when the lung collapses. While in the
second one, it is possible that the microcoil is ‘clutched’
by the chest wall in the first place, but then falls off due to
the gravity of itself. Therefore, eliminating the grasping
force from the chest wall may be a feasible approach to
avoid the dislodgement. To this end, we introduced minor
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pneumothorax before placing the microcoil in the marking
procedure, so that the chest wall was excluded from the
'tug of war' and the microcoil was ‘clutched’ only by the
surrounding lung parenchyma, which resulted in a firm
anchorage and a zero rate of dislodgement.

One caveat of our technique is that the extent of
pneumothorax should be delicately adjusted in the cases
with pure ground-glass opacity (GGO) lesions located
very closely to the pleural surface. Collapsed lung tissue
may obscure these low-density lesions on CT scan, which
occurred in 3 cases of our series, significantly increasing the
risk of marking failure and the procedure time. Injecting
less air or withdrawing some air when lung deflated too
much will be helpful. On the other hand, hindrance from
ribs or other parietal structure might render the nodules
situated just below the pleural surface more difficult to label
directly than those located deeper in the lung parenchyma.
Our technique, which creates some distance between the
lung and the chest wall by inducing pneumothorax before
marking, might be an available solution in some cases.

Pleural adhesion would surely be a hindrance when
applying this technique, as it can significantly increase the
difficulty of introducing pneumothorax and preoperative
CT scan cannot detect it in most cases. Although we did
not encounter such cases in our series, great care should be
taken to avoid the risk of injecting the air into lung tissue
by mistake when inducing pneumothorax. If the attempt of
inducing pneumothorax fails initially, it is recommended
to place the microcoil directly and immediately without
more attempts. To reduce the possibility of dislodgement,
implanting one microcoil of larger size or two microcoils
might be helpful as our early experience of preoperative
marking procedures showed (date not included).

Several authors reported that the spiral-wire or microcoil
technique allows the traction of lung lesions towards the
chest wall, therefore making the placement of linear staples
more accurate and expeditious (20). It was recommended
to place the wire or coil right into the solid nodule or
more than 2 cm deep into the lung tissue for more stable
anchorage (21). However, our experience demonstrated
that this kind of manipulation might be unsuitable for
GGN lesion, as it may dramatically increase the chance
of dislodgment due to the comparatively soft and loose
composition of these lesions.

Conclusions

In summary, this study suggests that the hybrid technique,
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combining induced minor pneumothorax and CT-guided
microcoil marking procedure, is a safe, effective and reliable
approach for preoperative localization of small lung GGN.
Compared with other marking-only methods using wires or
coils, it significantly lowers the risk of dislodgement.
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