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Abstract.

BACKGROUND: Video-assisted thoracic surgery (VATS) is a minimally invasive technique for the diagnosis and management
of small pulmonary nodular lesions However, the identification of some lung nodules remains difficult.

OBJECTIVE: This research aimed to investigate the clinical value of preoperative computed tomography (CT)-guided hookwire
localization of solitary pulmonary nodules (SPNs) for thoracoscopic resection.

METHODS: Seventy-one patients with 74 SPNs underwent VATS wedge resection after CT-guided hookwire localization. The
mean diameter of the SPNs was 8.50 & 4.53 mm,,besides, the mean distance from the SPNs to the parietal pleura was 16.81 £
5.23 mm.

RESULTS: Sixty-nine of the 74 nodules were successfully localized using a CT-guided hookwire. The success rate of CT-guided
localization was 93.2%. The average localization time was 15.23 £ 7.21 min per lesion. Seven patients (9.5%) had asymptomatic
pneumothorax and 10 (13.5%) had minimal needle tract parenchymal hemorrhages after localization no clinical intervention was
required for these patients. The rate of success for VATS wedge resection of the SPNs was 100%. Histological analysis of the
SPNs revealed malignant disease in 67.4% of the patients.

CONCLUSIONS: Preoperative CT-guided hookwire localization for thoracoscopic resection is a safe and effective operation
for the identification and stable fixation of SPNs.
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1. Introduction

Solitary pulmonary nodules (SPNs) are defined as solitary, well-circumscribed lesions with increased
opacity in the lung that measure less than 3 cm in diameter [1,2], with no associated lymphadenopathy,
atelectasis, pneumonia, or pleural effusion [3]. With the growing popularity and efficacy of computed
tomography (CT), the detection rate of solitary pulmonary nodules has been increasing. It has been
reported that approximately 150,000 SPNs are detected annually in the United States [4], and they
are often detected incidentally during examination for another reason. According to a study by Li et
al. [6], more than 50% of resected pulmonary nodular lesions (PNLs) are malignant. Because of this
high incidence rate, there is a need for rapid and definite pathological diagnosis of PNLs [6]. Video-
assisted thoracic surgery (VATS) causes minimal lung volume loss and little postoperative incidence
rate and death rate [7] (Fig. 1a—f). On the basis of multivariate logistic regression analytical method,
acupuncture frequency was the only independent risk factor for location-dependent pneumothorax. And
good surgical technique mitigates risks as far as possible [8]. Therefore, it is one of the standard minimally
invasive techniques used for the diagnosis and management of small PNLs. VATS is a type of thoracic
surgery that provides excellent visualization despite limited access to the thorax. It is mainly applied
to the diagnosis and management of pulmonary, mediastinal, and pleural lesions. Because there is no
formal thoracotomy incision (which requires placement of a retractor with rib distraction), VATS leads
to significantly reduced postoperative pain and earlier recovery to normal function [9]. In patients with
an underlying malignancy, VATS should be performed to verify the indication for chemotherapy and to
complete the staging process [12].

A primary factor that limits the success rate of thoracoscopic resection of subcentimeter or low-
attenuation pulmonary nodules via VATS is the accurate localization of the target nodule as it is difficult
to distinguish or palpate thesenodules intraoperatively [13]. Moreover, a majority of small nodules that
are deeply situated in the lung, or have ground glass opacities, can be difficult to localize with VATS.
Inappropriate nodule localization might lead to a prolonged surgical duration because of the time taken to
search for the nodule or conversion to an unplanned open thoracotomy [8]. An up to 46% thoracotomy
conversion rate was reported in the research which is contributed to Suzuki et al. [10] because of the
inability to visualize or palpate the PNLs. In such situations, preoperative marking prior to thoracoscopy
to facilitate the localization procedure is useful [6]. Since the development of radiologic localization
techniques, the rate of successful VATS for resection of pulmonary nodules has improved, and the failure
rate has decreased from 45 to 4% [15].

The techniques proposed for identifying target PNLs are as follows: 1) noninvasive intraoperative
methods using pressure sensors orultrasonography 2) inserting percutaneous localizers, such as hookwires
or contrast media, and 3) inserting a localizer transbronchially [12]. Each kind of these localization
methods have certain advantages and limitations. Various techniques have been described for the percuta-
neous localization of SPNs, including CT-guided dye injection, intraoperative ultrasound localization,
electromagnetic navigation bronchoscopy, and CT-guided hookwire localization. A study by Kleedehn et
al. [18] found that the CT-guided dye method resulted in more pain, which occurred because of pleural
irritation caused by the dye. Another disadvantage is that the depth of the intraparenchymally situated
lesion cannot be exactly determined during VATS, and vision might be affected by the dispersed or
leaking dye intraoperatively [19]. Intraoperative ultrasound localization and electromagnetic navigation
bronchoscopy both require specialized equipment and training. Moreover, the intraoperative ultrasound
localization technique requires complete collapse of the lung, which is often impossible in patients with
emphysema [8]. CT-guided hookwire marking was demonstrated to yield high technical and clinical
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Fig. 1. Technical diagram of the CT-guided hook wire positioning technology. (A): Hook wire equipment. (B): Hook wire should
not be inserted too shallow, otherwise it is easy to pull out the hook wire when the lung collapses. (C): The hook wire should also
not be inserted too deeply; otherwise the possibility of pulmonary vascular or airway damage will increase. (D), (E) and (F):
Three-step approach to insert the hook wire and take out the guide needle. (D): Hook wire and guide needle should be inserted
no less than 10 mm below the visceral pleural surface. (E): The insertion distance of hook wire should be 5 mm above the tip of
guide wire. (F): Guide needle could be unreeved entirely.

success rates (93.6-97.6%) [18]. A retrospective study that included a large sample size (> 100 cases) [8]
on the application of preoperative CT-guided hookwire positioning of SPNs over 5 years showed the
acceptable safety and reliability of this technique. Most physicians favor CT-guided hookwire localization
because it has several major outstanding advantages over the other methods used for lesions localization,
such as shorter procedure times and the capability to pull the fixed tissue superficially, thereby facilitating
precise wedge resection [11].

In this study, we aimed to investigate the clinical value of preoperative CT-guided hookwire localization
of SPNs for thoracoscopic resection with regard to security, dependability, and convenience of the
technology using our experience and clinical results with this technology [8].

2. Patients and methods

This study was conducted in accordance with the principles of the Declaration of Helsinki. The Institu-
tional Review Board of the Affiliated Hospital of Jiangnan University approved the study protocol, and
written informed consent was obtained from all patients after providing detailed explanations. Seventy-
one patients with 74 solitary pulmonary nodules underwent VATS wedge resection after preoperative
CT-guided hookwire localization in our hospital between September 2014 and May 2016. The patients
included 41 women and30 men (mean age: 60.3 + 7.9 years old; age range: 33—-83). The operating
surgeon and radiologists conjointly reviewed the available CT scans of all cases to determine the viability
of hookwire nodule localization and VATS resection and establish a treatment scheme. The inclusion
criteria were as follows: (1) diameter of the lesion < 30 mm (2) SPNs without invasion into the viscera
pleura (3) total number of SPNs < 3 and (4) no enlarged hilar or mediastinal lymph nodes. Sixty-eight
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Fig. 2. (A, B) Computed tomography scan before and after marking the pulmonary nodule using the hookwire of Case 1. (C)
Anchorage of the hookwire in the lung parenchyma in Case 1. (D-E) Computed tomography scan before and after marking the
pulmonary nodule using the hookwire in Case 2. (F) Lesion under VATS in Case 2. VATS, video-assisted thoracic surgery.

patients had solitary lesions and three patients had two separate lesions (74 lesions). Of the 74 nodules,
43 were located in the right lung and 28 in the left lung. The maximum diameter of the SPNs ranged
from 3.97 to 13.03 mm (average: 8.50 + 4.53), and the depth of the lesion with relative to the nearest
pleural surface ranged from 11.58 to 22.04 mm (average: 16.81 4 5.23). There were 12 patients with a
history of other malignant lesions (three with cervical cancer, three with breast cancer, two with renal
cancer, and four with colon cancer). The SPNs in the remaining 62 patients were detected during physical
examinations or incidentally.

All patients were intramuscularly injected with pethidine and were placed on the CT scanner (Siemens,
Emotion 64) in a position that allowed the shortest direct access path for hookwire insertion [8]. A
localized CT scan was performed to plan the access route of the needle and to measure the depth of the
nodule from the external surface of the chest wall. After cleaning and sterilizing the skin around the
planned needle puncture site, local anesthesia was administered using 2% lidocaine. A mammographic
hookwire system (breast localization needle, 20 G x 100 mm, Pajunk Medical Co., Germany) was used
for localization. The hookwire was delivered around the nodule, anchoring the system into the lung.
A second CT scan was performed to confirm if the trocar tip was located in the lesion, and if it was,
the trocar was pushed forward again by 5 mm. Then, the hooked wire was released, and the trocar was
withdrawn, then another CT scan was performed. The front of the wire was unfolded into a hook-like
shape, and the tip was advanced beyond the lesion by 3—5 mm (Fig. 2a—f). The hookwire extending
outside the chest wall was bent and loosely covered with sterile gauze adequately. All patients were
then transferred to the operating room directly after localization. The interval time between preoperative
localization and VATS wedge resection was within one hour.

3. Results

The mean duration of the preoperative localization procedure was 15.23 + 7.21 min per lesion.
Among the 74 nodules, 69 were successfully localized using CT-guided hookwire without any major
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Table 1
Definitive diagnosis of the solitary pulmonary nodules

Primary lung cancer

Adenocarcinoma 37 (50%)
Metastatic lung cancer 12 (16%)
Inflammatory pseudotumor 13 (17.6%)
Tuberculoma 4 (5.4%)
Hamartoma 2 (2.7%)
Atypical adenomatous hyperplasia 2(2.7%)
Lymph node hyperplasia 2 (2.7%)
Sclerosing hemangioma 1(1.4%)
Mucosa-associated lymphoma 1(1.4%)

Table 2
Origin of primary malignancy
Lung 1
Cervix uterus 3
Breast 4
Osteosarcoma 1
Colon 3

postoperative complications, and the success rate was 93.2%. Two cases of intraoperative hookwire
slippage and three of hookwire dislodgement occurred. Founded on the puncture site of the lung surface
and the lung hematoma caused by the puncture, an extended resection was required in five patients,
and the SPN was excised using thoracoscopy. Complications related to the wire localization technique
included minimal and asymptomatic pneumothorax (7 cases, 9.5%) and minimal needle tract parenchymal
hemorrhages (10 cases, 13.5%).No clinical intervention was required in these cases. There were no
serious postoperative complications, like hemothorax or air embolism, in any patient. All patients had
an uncomplicated postoperative course, and the mean duration of postoperative hospitalizationstay was
around 7 days.

Postoperative pathological examination showed that out of 74 SPNs, there were 37 cases of primary
lung adenocarcinoma, 12 of metastatic lung cancer, 13 of inflammatory pseudotumor, 4 of tuberculoma, 2
of hamartoma, 2 of atypical adenomatous hyperplasia, 1 of sclerosing hemangioma, 2 of lymph node
hyperplasia, and 1 of mucosa-associated lymphoma (Table 1). Overall, malignant disease accounted for
67.4% of all cases, and the origins of primary malignancy are summarized in Table 2.

4. Discussion

In this pilot study, the CT-guided hookwire localization method was used for 74 SPNs in 71 pa-
tients. Localization was successfully performed for 69 SPNs (successful implantation rate of 93.2%).
This is consistent with the findings of some anterior studies that had a observably high success rate of
93.6-97.6% [19] and confirmed the superiority of CT-guided hook wire positioning for SPNs before op-
eration compared to a 48% success rate without guidance [20]. The system used was developed for the
localization of breast nodules. According to the study by Wicky et al. [22], this mammographic hookwire
system has characteristics that offer an efficient anchorage and allows nodules as deep as 30 mm below
the pleura to be located identified and resected. The depth of the lesion with relative to the nearest pleural
surface in our study was 3.97 to 13.03 mm (average: 16.81 4+ 5.23). The average localization time was
15.23 4+ 7.21 min per lesion This was slightly shorter than that reported in earlier studies [6,21] .
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Following the protocol described in the study by Ciriaco et al. [23], the dislodgement rate was reduced
by positioning the patients on the operating table adequately and retaining a suitable length of the
hookwire outside the chest. In addition, the hook at the distal end of the wire ensured more safe and
reliable implantation in the pulmonary nodules. Out of the 74 nodules evaluated in our study, there
were two cases of wire slippage and three of hookwire displacement. The dislodgement rate (6.8%)
was acceptable and comparable to that reported by Ciriaco et al. (7.5%). Dislodgement occurred mostly
during the VATS procedure (when the lung was collapsed, which modified the position) rather than during
puncture (when the lung was inflated). The probability of slippage was related to the distance between
the hookwire and the pleura and the flexibility of the lung tissue itself. Among the dislodgement cases,
there were three cases of superficial pulmonary nodules, and the hookwire was placed too close to the
surface. The flexibility of the pulmonary tissues in two patients with a long-term history of smoking was
poor, and intraoperative pulling may have led to slippage of the hookwire. We believe that if the hookwire
had been placed deeper, the likelihood of slippage would have been reduced. If the distance from the
SPN to the lung surface was more than 2 cm, the trocar was pushed forward by 5 mm after the puncture
needle passed through the lesion. If the distance from the SPN to the lung surface was less than 2 cm,
the puncture needle was pushed forward by more than 2 cm from the lung surface to prevent slippage of
the hookwire. Of the five cases of slippage and displacement of the localization needle in our research,
the physical distance from the puncture needle to the lung surface was less than 2 cm in four cases. In
addition, according to the experience of Hanauer et al. [24], maintaining a suitable length of wire cable
outside the thorax can reduce the dislodgement rate, as it allows the wire to follow the collapsed lung
during selective pneumothorax or ventilation. During VAT wedge resection, the localization needle had
to be lifted to prevent the endoscopic gastrointestinal anastomosis (endo-GIA) device from cutting to
the localization needle, but the lifting force could not be too great to prevent slippage of the localization
needle.

Some common postoperative complications, like pneumothorax and pulmonary hemorrhage, may occur
during localization of the hookwire. It was reported in a previous study that asymptomatic pneumothorax
occurred in 7.5-49%, pulmonary bleeding in 14.9-29.8%, and hemorrhage into the pleural cavity in 0.6—
3.5% of the cases [21]. Our study included seven cases (9.5%) of asymptomatic minimal pneumothorax
that did not require any treatment. Of these, five cases were caused by multiple punctures, and in two
cases, the patient had a history of chronic obstructive pulmonary disease. The incidence of pulmonary
hemorrhage was 13.5% (10/74) an extended resection was required in five of these patients. We believe
that a high skill level of the surgeon and a reduced number of punctures could effectively decrease
the incidence of complications, like pneumothorax and alveolar hemorrhage. Pulmonary venous air
embolism is a rare however important and serious complication during pulmonary nodule hookwire
localization that could lead to a lethal outcome. Several cases of air embolism during hookwire marking
have occasionally been reported in recent years [19]. However, this complication was not observed in our
study. As suggested in a previous study, a short trajectory for the hookwire and the absence of prolonged
lung inflation can decrease the possibility of air embolism [23].

Histological analysis of the SPN revealed malignant disease in 67.4% of the patients. Our work supports
the anteriorly reported results in this field [28]. The data analysis highlights the fact that it is necessary to
actively deal with nodules [29].

On the basis of our experience and the data from earlier studies [30], we concluded that the hookwire
localization technique has the following advantages: (1) the procedure simplifies the surgery, with a high
success rate of localization (2) the anchorage in the lung parenchyma is efficient, and generally causes
no serious complications (3) during VATS, the nodules can be pulled to a superficial position with the
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long metal wire attached to the hookwire for wedge resection, which is beneficial for obtaining a rapid
and accurate margin (4) nodules can be identified more quickly for frozen section examinations with
the guidance of hookwire localization, thereby significantly shortening the intraoperative wait time [6].
However, because of the small sample size, our results should be interpreted with caution and need to be
replicated and confirmed by further research with a larger sample size.

5. Conclusion

In summary, the main merits of preoperative CT-guided hookwire localization of pulmonary nodular
lesions before VATS include technical ease, minor complications, shorter duration of surgery, and safe
and effective fixation of the nodule allowing complete resection. Given all of these advantages, we highly
recommended a preoperative CT-guided hookwire marking technique to localize solitary pulmonary
nodules for thoracoscopic resection.
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