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Abstract

Objectives: Video assisted thoracoscopic surgery (VATS) can currently be used to diagnose and treat pulmonary
nodules. However, intraoperative location of pulmonary nodules in VATS is challenging due to their small diameter
and deep location in the pulmonary parenchyma. The purpose of this study was to report the clinical safety and
effectiveness of CT-guided hook-wire for preoperative localization of malignant pulmonary nodules smaller than 1
cm in diameter.

Methods: From February 2017 to January 2018, we collected the data of 80 patients with malignant pulmonary
nodules less than 1 cm in diameter who underwent CT-guided hook-wire preoperative localization and VATS
surgery. The effectiveness of preoperative localization was evaluated based on surgical duration, success rate of
VATS surgery, and localization-related complications.

Results: The diameter of pulmonary nodules were 0.85 + 0.17 mm with a distance to the pleural surface of 19.66 +
14.10 mm. The length of the hook-wire in the lung parenchyma was 29.17 + 13.14 mm and hook-wire dislodgement
occurred in 2 patients. Complications included 27 cases of minor pneumothorax and 18 cases of mild parenchymal
hemorrhage. A significant correlation was observed between the length of the hook-wire in the lung parenchyma
and mild parenchymal hemorrhage (P =0.044). The average time of hook-wire localization was 9.0 + 2.6 min and the
average operation time for VATS was 89.02 + 23.35 min without conversion thoracotomy.

Conclusions: CT-guided hook-wire localization of the lesion during VATS resection is safe for malignant pulmonary

nodules with diameter less than 1 cm.
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Introduction

Low-dose spiral computed tomography (CT) screening
for early lung cancer is a promising strategy for improv-
ing lung cancer survival and can reduce lung cancer
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deaths by 20% [1]. Due to the widespread use of low-
dose spiral CT, an increasing number of pulmonary nod-
ules have been detected in the early stages of lung can-
cer, especially those featuring ground-glass opacity
(GGO). Of these nodules, 59-73% are malignant, there-
fore rapid and accurate histological diagnosis and treat-
ment are necessary [2]. The effectiveness of routine
procedures such as transbronchial or CT-guided fine-
needle aspiration biopsy may be limited by the small
diameter of the pulmonary nodule, making it difficult to
locate accurately. When less invasive techniques are not
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available for accurate diagnosis, resection of the pulmon-
ary nodule with video assisted thoracoscopic surgery
(VATS) is often recommended for definitive diagnosis
and treatment. VATS is widely used for the treatment of
pulmonary nodules and provides less discomfort and re-
duced postoperative complications compared to stand-
ard thoracotomy [3, 4]. However, most pulmonary
nodules (especially with GGO) are inaccessible by finger
palpation during VATS, which may lead to an increase
in thoracotomy up to 46% [5, 6]. Therefore, the
localization of pulmonary nodules during VATS is an
important ongoing issue.

Several techniques exist for pulmonary nodule
localization including finger palpation [7], intraoperative
ultrasound [8], hook-wire [9], micro-coil [10], and
methylene blue [11]. The detection rate of Lipiodol [12]
or radionuclide [13] is as high as 100% [14]. Pulmonary
nodule localization-related complications are usually
asymptomatic pneumothorax or mild parenchymal
hemorrhage and more severe complications are rarely
reported [15, 16]. In this study, we report the safety and
effectiveness of preoperative CT-guided hook-wire for
the localization of malignant pulmonary nodules smaller
than 1 cm in diameter.

Methods

CT-guided hook-wire localization

A retrospective analysis was performed on 80 patients
from February 2017 to January 2018 who underwent
VATS resection after receiving preoperative CT-guided
hook-wire localization of malignant pulmonary nodules
less than 1 cm in diameter. The double-barbed wire sys-
tem (hook-wire localization needles) consisted of a 20-
gauge breast puncture needle 10.7 cm long and a BARD
DUALOK trocar (Bard Peripheral Vascular, USA). First,
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a low-dose CT scan with a section thickness of 1.5 mm
was performed to confirm the accurate localization of
pulmonary nodules. The puncture needle was placed at
the shortest distance between the skin and the pulmon-
ary nodules while avoiding occlusion of the ribs and
scapula. After the location of the puncture was deter-
mined, we locally anaesthetised the patient. With the
guidance of CT, the double-barbed wire system was
gradually inserted into the lung parenchyma and the tip
of the double barb was expanded as close to the nodules
as possible or through the nodules themselves (Fig. 1).
After successful localization, a CT scan was performed
to further confirm the exact location of the hook and
the presence of complications such as pneumothorax or
parenchymal hemorrhage (Fig. 2). After the device was
removed, the portion of the needle outside the patient’s
body was cut off. Patients should avoid physical activity
after hook-wire localization and be transferred directly
to the operating room.

VATS

Patients undergoing VATS were placed under general
anaesthesia. VATS resection includes lung lobectomy,
segmentectomy, or wedge resection. The thoracic sur-
geon and the radiologist discussed each case before
VATS surgery. The intubation included a double-lumen
endobronchial tube and immediate one-lung ventilation
to avoid the potential risk of puncturing the lungs with
positive pressure and triggering tension pneumothorax.
Surgical resection was performed using a two-port ap-
proach with the camera placed in the seventh intercostal
space on the midaxillary line, The operating incision was
placed in the fourth intercostal space on anterior axillary
line (Fig. 3). After entering the chest cavity, the position-
ing needle and the pleura on the lung surface were fixed

Fig. 1 The hook-wire needle was inserted into the lung parenchyma
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Fig. 2 Mild pulmonary hemorrhage was observed in a 41-year man a; Minor pneumothorax was observed in a 51-year woman b

with homelock or suture to avoid needle movement. All
nodules were extracted in protective bags to prevent the
chest wall from being embedded with malignant cells.
The chest cavity was flushed with saline solution and a
chest tube with drainage system was placed.

Statistical analysis

All statistical analyses were performed using SPSS soft-
ware. Descriptive statistics of continuous variables were
expressed as mean values * SD. Bivariate correlation
analysis was performed using Pearson correlation ana-
lysis and P < 0.05 was considered statistically significant.

Results
Our 80-patient cohort included 24 male and 56 females
between 27 and 82vyears old (50.65+11.75). The

diameter of malignant pulmonary nodules was 0.85 +
0.17 cm (0.3-1.0 cm). We located the pulmonary nodules
in the right upper lobe in 32 cases (40%), the middle
lobe in 8 cases (10%), the right lower lobe in 18 cases
(22.5%), the left upper lobe in 15 cases (18.7%), and the
left lower lobe in 8 cases (10%). The distance between
the pulmonary nodules and the pleural surface was
19.66 + 14.10 mm (0-85mm), but the length of the
localization needle in the lung parenchyma averaged
29.17 £ 13.14 mm (10-80 mm). Hook-wire dislodgement
occurred in 2 patients (2.5%). The average time of hook-
wire localization under CT guidance was 9.0 + 2.6 min
(5-18 min). The mean operation time of VATS was
89.02 + 23.35 min (20—120 min) and there was no con-
version to thoracotomy. During VATS, the location of
pulmonary nodules was successfully found by tracing

Fig. 3 VATS resection was performed using a two-port approach
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the needle on the puncture site of the lung surface. CT
scan showed minor pneumothorax in 27 patients
(33.7%). These patients had no obvious symptoms of
chest tightness, shortness of breath, and other discom-
forts, so thoracic drainage was not required. Mild paren-
chymal hemorrhage developed in 18 patients (22.5%)
with no serious clinical consequences (Fig. 1)(Table 1).
We did not observe any haemothorax or pulmonary em-
bolism. The length of hook-wire in the lung parenchyma
did not correlate with the occurrence of minor pneumo-
thorax, but was significantly associated with the occur-
rence of mild pulmonary parenchymal hemorrhage (P =
0.044). In additionally, the occurrence of minor pneumo-
thorax and mild pulmonary hemorrhage was not affected
by the depth of pulmonary nodules (Table 2). After
hook-wire localization, all lesions were successfully re-
moved by VATS including 10 cases of lobectomy

Table 1 Patient and nodule characteristics

Value
24/56

Characteristics

Gender (Male/Female)

Age (years) 5065+ 11.75 (27-82)
Smoking history 14 (17.5%)
CT nodule size (mm) 0.85+0.1 (3-10)

19.66 + 14.10 (0-85)
29.17 £13.14 (10-80.0)

Nodule distance to pleural surface (mm)
Length of hook-wire in lung parenchyma (mm)

Nodule location

RUL 32 (40%)
RML 8 (10%)
RLL 18 (22.5%)
LUL 15 (18.7%)
LLL 8 (10%)

Nodule feature

pGGN 54 (67.5%)
mGGN 26 (32.5%)
Duration of hook wire placement (min) 9.0+26 (5-18)

Duration of VATS procedure (min) 89.02 +23.35 (20-120)

Complication of hook wire

Minor pneumothorax 27 (33.7%)

Mild pulmonary hemorrhage 18 (22.5%)

Hookwire dislodgement 2 (2.5%)
Histopathologic results

AlS 10 (12.4%)

MIA 51 (63.8%)

IA 19 (23.8%)
Surgical type

Wedge 4 (0.05%)

Segmentectomy 66 (82.5%)

lobectomy 10 (12.5%)
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(12.5%), 66 cases of segmentectomy (82.5%), and 4 cases
of wedge resection (0.05%). CT features of malignant
pulmonary nodules showed that 54 patients (67.5%) had
pure GGO nodules and the remaining 26 patients
(32.5%) had partially solid GGO nodules. Pathological
examination revealed 10 cases of adenocarcinoma in situ
(AIS,12.4%), 51 cases of micro-invasive adenocarcinoma
(MIA, 63.8%), and 19 cases of invasive adenocarcinoma
(stage IA, 23.8%) (Table 1).

Discussion
As one of the most common cancers, lung cancer is the
leading cause of cancer death worldwide and its mortal-
ity rate exceeds the sum of the three most common can-
cers (colon, breast, and pancreatic cancer). Due to the
lack of clinical symptoms in the early stage, most lung
cancers are diagnosed as distant metastasis and the 5-
year survival is only 17.8% [17]. With the widespread use
of low-dose spiral CT, more pulmonary nodules, espe-
cially those with GGO, are found in the early stages. The
prevalence of pulmonary nodules detected on by CT is
31% and up to 50% among high-risk patients [18].
Currently, the diagnosis of pulmonary nodules also
includes positron emission tomography (PET) with 18-
fluorodeoxyglucose (FDG), percutaneous needle aspiration
biopsy, and transbronchic needle biopsy. Since 18F-FDG-
PET/CT has insufficient sensitivity and specificity for the
diagnosis of malignant pulmonary nodules, it cannot re-
place the “gold standard” pathology method based on re-
section or percutaneous biopsy [19]. Percutaneous needle
biopsy and transbronchial needle biopsy are also very use-
ful procedures for the diagnosis of malignant pulmonary
nodules. Although both are much less invasive than sur-
gery, but malignancy could not be reliably ruled out due
to insufficient tissue sample or failure of the biopsy [20].
Under the guidance of CT, the accuracy of the needle bi-
opsy is 88%, the sensitivity is 90%, and the false negative
rate is 22% [21, 22]. However, due to limitations of the
technique, some pulmonary nodules cannot be clearly di-
agnosed. As a minimally invasive method for diagnosis
and treatment, VATS has been widely used for pulmonary
nodules. However, some pulmonary nodules cannot be
seen by the naked eye and cannot be clearly palpated by
fingers during the operation, bringing further challenges
in clinical diagnosis and treatment [23]. Some studies have
shown that intraoperative finger-assisted palpation of pul-
monary nodules with diameter of >2cm on the pleural
surface is often possible. However, for small lesions < 1 cm
in diameter, preoperative localization is usually recom-
mended [24]. In this retrospective study, all 80 patients
with malignant pulmonary nodules <1cm in diameter
were treated with hook-wire localization.

At present, a variety of preoperative localization
methods have been reported. However, each localization
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Table 2 Results of Spearman correlation analysis
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Variable Minor pneumothorax Mild pulmonary hemorrhage
Length of hook-wire in lung parenchyma s 0.126 0.226

P-value 0.226 0.044
Nodule distance to pleural surface s —0.078 0.189

P-value 0492 0.092

rs: Spearman’s rank correlation coefficient

method has its advantages and disadvantages [25]. It is
difficult to identify pulmonary nodules by methylene
blue because it can quickly spread to the pleural surface
[26]. Specific radioactive tracers, such as 99 m Techne-
tium, are feasible for preoperative localization of small
pulmonary nodules [27]. Although specific radioactive
tracers are more accurate for preoperative localization of
superficial pulmonary nodules, specialised equipment
such as CT-fluorescence is required [28], and surgeons
and radiologists could be exposed to radiation. In
addition, the localization of deep pulmonary nodules is
blurred, which limits its clinical use. Intraoperative ultra-
sound detection requires a specific flexible ultrasound
probe and the localization is impeded by air, therefore it
is difficult to be applied in patients with non-collapsed
lung or emphysema [29]. Currently, there is no golden
standard for preoperative localization in clinical practice.
Hook-wire localization is widely used and has the ad-
vantages of simplicity and ease of operation, short oper-
ation time, and reduced surgical injury. Ciriaco et al.
[30] report that the average time of CT-guided pulmon-
ary nodules localization is 20 + 10 min, which is slightly
longer than the preoperative localization time in our
study, which was similar to the duration reported by Li
et al. [31]. Interestingly, Ciriaco et al. report that the
VATS time of pulmonary nodules after preoperative
localization was 40 + 7 min compared with 75+ 12 min
without preoperative localization. This indicates that
with the help of preoperative localization, pulmonary
nodules are identified and removed faster during sur-
gery, which greatly shortens the operation time. In com-
parison, the average operation time of VATS in our
study was 89.02 + 23.35 min. The discrepancy can be ex-
plained by the high proportion of lung segmentectomy
and lobectomy in our study population (95%), which
complicated the surgery and increased operation time.
Inevitably, the hook-wire preoperative localization also
has some disadvantages. For example, the surgical mar-
gin cannot be determined after displacement of the
localization needle and therefore the complete removal
of pulmonary nodules cannot be guaranteed [32]. It has
been reported that 3 to 8% of localization needles may
be displaced or even detached [33], which was consistent
with the occurrence in our study. The causes of hook-
wire dislodgement were mostly by coughing and upper

body movement. In this situation, we determined the lo-
cation of pulmonary nodules by the puncture point of
the hook-wire on the lung surface.

Pulmonary nodules that are deep in the lung or
blocked by the ribs and scapula are difficult to locate,
leading to pneumothorax, haemothorax, pain, and death
from gas embolisms [34]. Huang et al. reported that in
39 patients undergoing preoperative localization, 5.2% of
the patients presented mild parenchymal hemorrhage
and 12.8% presented minor pneumothorax [15]. Other
reports have described that the incidence of mild paren-
chymal hemorrhage is 13.9-36% and the incidence of
pneumothorax is 7.5-40% [16]. In this study, minor
pneumothorax and mild parenchymal hemorrhage oc-
curred in 33.7 and 22.5% of the cases, respectively, which
was consistent with previous studies. No serious compli-
cations such as massive haemothorax or massive air em-
bolism resulted from these incidents. Interestingly, we
found that the length of the localization needle in the
pulmonary parenchyma had a significant correlation
with the occurrence of mild pulmonary parenchymal
hemorrhage, although the depth of pulmonary nodules
did not show such correlations. Therefore, we suggest
that physicians should be aware of the risk of pulmonary
hemorrhage for localization of pulmonary nodules re-
quiring a long needle.

This study has some limitations. Primarily, there was
no control group of VATS patients without preoperative
localization. This may lead to overestimation of the
safety and effectiveness of preoperative hook-wire
localization.

Conclusion

CT-guided hook-wire preoperative localization of malig-
nant pulmonary nodules with diameter<1cm is safe
and effective before VATS resection.
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