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Summary

Purpose: To evaluate the use of percutaneous computed
tomography (CT)-guided localization of suspicious intrapul-
monary nodules with hook wire prior to video-assisted thora-
coscopic surgery (VATS).

Methods: From April 2010 to February 2011, 15 patients
with suspicious subpleural pulmonary nodules underwent
preoperative CT-guided hook wire localization of the lesions,
prior to VATS.

Results: Histological analysis of the resected suspicious pul-
monary nodules revealed malignancy in 12 cases, 2 cases
with granulomas and 1 case with bronchiolitis obliterans

Introduction

Video-assisted thoracoscopic surgery (VATS)
is a development in the field of thoracic surgery
[1-3]. It plays an important role in the diagnosis
and treatment of pleural and pulmonary lesions.
In the last decade it has been used in the manage-
ment of patients with a single nodular lesion. This
is due to the fact that VATS is a minimally invasive
procedure with little postoperative complications.
Compared to conventional thoracotomy, VATS has

organizing pneumonia (BOOP). Better results were achieved
with the double-thorn hook wire. Conversion to thoracotomy
was necessary in the patient with BOOP, due to limited hem-
orrhage at the site of the lesion.

Conclusion: Preoperative CT-guided nodule localization
using hook wire fixation is a useful and safe technique that
helps in the precise localization of suspicious lesions, reduces
the operation time, the postoperative complications, and the
hospitalization.
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lower morbidity rates and is more cost-effective
since it decreases hospitalization. Furthermore, if
the frozen biopsy reveals primary cancer and pa-
tient’s performance status allows the intervention,
this method offers the possibility of a direct lobec-
tomy and lymph node dissection.

Resection of the suspected lesion with the
VATS method offers safer results compared to per-
cutaneous FNA. Up to 29% of the patients who had
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underwent FNA of a pulmonary nodule and whose
condition was not diagnosed as malignant, were
ultimately found to have carcinoma [4]. Since VATS
can be performed with minimal patient discomfort,
it can become a method of choice. Usually, the lo-
calization of the lesion is performed directly via
monitor and/or palpation by the thoracic surgeons.
The discoloration and the folds of the surface of the
pleura, which are created by the presence of the
mass, can lead the surgeon to the location of the
lesion. If the nodule cannot be identified visually,
the surgeon may use palpation.

The indication of a preoperative hook wire nod-
ule localization is when the lesion is not located
near the surface of the pleura, and/or it has very
small dimensions to be palpated. The diameter of
the nodule must not exceed 1cm [5]. However, nod-
ules greater than 1 cm with ground glass opacity
can also be selected for this method. Additionally,
the distance from the nearest pleural surface has
to be more than 1cm [5]. The evaluation of the pa-
tients who will finally undergo this procedure is
usually decided by the thoracic surgeons.

Complications of preoperative CT guided nod-
ule localization using hook wire fixation are not of
major significance. Minor non-symptomatic pneu-
mothorax can occur. This usually does not require
any intervention. A mainly limited local hemor-
rhage may follow the procedure. Furthermore, the
patient may complain about pain during or after
the hook wire nodule localization.

The main aim of the present study was to eval-
uate the use of percutaneous CT-guided localiza-
tion of suspicious intrapulmonary nodules with
hook wire prior to VATS.

Methods

The indications for needle localization included
the following: small nodules inaccessible to fine needle
aspiration biopsy (FNAB) because of subcostal or para-
cardiac location; nodules previously non-diagnostic with
FNA; and planned resection of a known small peripheral
tumor. All patients had had prior chest CT according to
routine protocol and a coagulative profile. They were
informed about the procedure and they all had to sign a
consent form before the intervention. The pre-hook wire
localization CT scan was studied in order to evaluate
the shortest and most direct intercostal approach of the
nodule.

According to their shape, two types of hooks were
used, that of double thorn and that of a Kopan type. The
targeting lesion was confirmed by obtaining a transverse
CT scan with 5 mm collimation. Each patient was placed
on the CT table in such a position as to allow the short-
est possible direct access route for hook wire placement.
There were instructed not to talk, cough, or move. After
antisepsis of the area of interest and administration of
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a local anesthetic, we inserted the tip of the cannula to
at least 1cm beneath the pleural surface. Only after op-
timal placement of the cannula tip was confirmed with
CT scanning, was the pusher fully advanced to eject the
hook wire. When the Kopan type hookwire was used,
it was advanced within 0-2 cm of the lesion so as not
to injure the pathologic specimen of the lesion. When
the double thorn hook wire was used, the edge passed
through the nodule and captivated the lesion. Once the
hook wire was just free from the cannula, the introducer
system was carefully withdrawn. The site of incision was
covered with sterile gauze. A CT scan was obtained to
confirm that the hook wire was placed in the planned po-
sition. Following this procedure, the patients were trans-
ferred to the surgical room for thoracoscopic resection.
An Institutional Review Board approval and informed

consent from all patients were obtained.

Results

From April 2010 to February 2011, 15 patients
with suspicious subpleural pulmonary nodules un-
derwent preoperative CT-guided hook wire locali-
zation of the lesions, prior to VATS. The patient age
ranged from 45 to 72 years. All patients were ac-
tive or passive smokers. Eight of the patients had a
known prior history of cancer. The diameter of the
lesions ranged from 1 to 3 cm and their distance
from the nearest pleural surface ranged from 3 to 5
cm. The location of the nodules (Table 1) included
the right upper lobe (n=7), the right middle lobe
(n=1), the right lower lobe (n=4) and the left lower
lobe (n=3). The lesions were small nodules inac-
cessible to FNAB (n=5); nodules previously non-
diagnostic with FNA (n=8); and planned resection
of a small peripheral tumor (n=2). The selected
route included posterior (n=7), posterolateral (n=3),
anterior (n=4) and anterolateral (n=1) approach
(Figure 1).

The placement of the hook was successful in
all patients. The mean time needed to position the
hook was 10 min (Figures 2-4). No major compli-
cations were experienced. No patient complained
for severe pain during or after the intervention.
Histological analysis of the resected suspicious
pulmonary nodules (Table 2) revealed malignancy
in 12 cases, 2 cases with granulomas and 1 case

Table 1. Location of the nodules in the lung parenchyma

Location of the lesions n (%)
Right upper lobe 7 (46.6)
Right middle lobe 1(6.7)
Right lower lobe 4 (26.7)
Left upper lobe 3 (20)
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with bronchiolitis obliterans organizing pneumonia
(BOOP) (Figures 5 and 6). From the nodules that
were proved to be malignant, seven were adeno-
carcinomas, one was squamous cell carcinoma and
four were metastatic. The metastatic lesions were
in concordance with the clinical history of the pa-
tient, thus two nodules derived from breast cancer,
one from colon and one from bladder carcinoma.
Regarding the characteristics of the nodules, solid
appearance was present in all cases except one
that showed ground glass opacity. That particular
case was diagnosed as BOOP. Better results were
achieved with the double-thorn hook wire, as dis-
location occurred once when the Kopan type hook
wire was used. Conversion to thoracotomy was nec-
essary in that case, due to limited hemorrhage at
the site of the lesion. Later on, the histopathologi-
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Figure 1. A CT scan is done before positioning the hook
wire in order to evaluate the shortest route to access the
nodule. Histological analysis revealed metastasis from pri-
mary carcinoma of the colon.

operation room and VATS were performed.

cal analysis revealed BOOP. Dislocation occurred
once, in the surgeon’s effort to bring the lesion near
the chest wall, in order to resect it. The site of the
lesion was identified by the small hemorrhage and
the incision present at the surface of the lung.

Postoperatively, minor asymptomatic pneumo-
thorax occurred in two cases, with no necessary
treatment needed and a patient with local pain and
bradycardia that was treated conservatively. Over-
all, the mean time of hospitalization was reduced
from 7 days when conventional thoracotomy was
performed, to 1 day with VATS.

Discussion

VATS is an excellent procedure for diagnosis
and treatment of peripheral pulmonary nodules.
It is a procedure that permits to perform biopsies
of the thoracic cavity without the need of a thora-
cotomy. Nodules of small dimension or of distant
location from the pleural surface are not visible
during thoracoscopic surgery. In this case locali-
zation is indicated. There are three different types

Table 2. Histopathologic findings of resected nodules

Histopathologic findings of the lesions n (%)
Malignancies 12 (85.7)
Adenocarcinoma 7 (46.7)
Squamous cell carcinoma 1(6.7)
Metastasis 4 (26.6)
Breast 2 (13.3)
Colon 1(6.7)
Bladder 1(6.7)
Benign lesions 3 (20)
Granulomas 2 (13.3)
Bronciolitis obliterans organizing pneumonia 1(6.7)

Figure 2, 3, 4. After CT-guided hook-wire localization of the lesion, the patients were immediately transferred to the
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Figure 5. Hook wire localization of a ground glass nodule.

Figure 6. A minor pneumothorax after hook wire localiza-
tion of the previous ground glass nodule (Figure 5). Histol-
ogy revealed a bronchiolitis obliterans organizing pneu-
monia (BOOP).

of localization. The first type is localization with
imaging modalities during thoracoscopy. This in-
cludes intraoperative ultrasonography [6] and CT
fluoroscopy [7]. The second type is preoperative
localization with injection of dyes [8], contrast
media [9], radionuclides [10] or colored adhesive
agents [11]. The third type is preoperative lo-
calization with hook wire fixation [1,12-17]. The
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latter two types of preoperative localization usu-
ally are performed with CT guidance. Hook wire
localization is probably the oldest and the most
commonly used.

In the Dendo et al. study [5], the surgeon’s
requirement for localization with this technique
was that the diameter was less than 10mm and/
or the distance from the pleural surface was more
than 10mm. Lesions with a diameter of more than
10mm but with a ground glass appearance can also
be an indication for hook wire localization. VATS is
being performed more often in lesions with ground
glass opacity, as shown on thin-section CT scans
that cannot be palpated easily during thoracoscopy.
These lesions are often a typical adenomatous hy-
perplasia, or primary adenocarcinoma, including
bronchioloalveolar carcinoma [18,19]. Whenever
they are proved to be primary lung malignancy by
means of intraoperative frozen pathologic exami-
nation, lobectomy with lymph node dissection also
can be performed with VATS [20]. The wider the ap-
plication of VATS for pulmonary lesions becomes,
the more preoperative localization will be needed
[5]. The necessity for preoperative localization will
probably not decrease. Suzuki et al [12] revealed
that preoperative localization of small pulmonary
lesions should be considered when the distance to
the nearest pleural surface is more than 5mm in
cases of lesions of 10mm. The contraindications
consist of the absence of patient’s collaboration, the
incapacity to maintain apnea during the interven-
tion and coagulation disorders. As a modality, hook
wire localization may lead to some minor compli-
cations, such as pneumothorax, limited hemor-
rhage at the site of incision and nerve injury. The
incidence of pneumothorax or hemorrhage in the
lung is not any higher than that in other reports
of localization or CT-guided needle biopsy [3,21].
Wire dislodgement and pain during or after the
procedure are probable [14,106]. According to Mul-
lan et al. [17] a wire generally dislodged at one of
three times during: transportation of the patient to
the surgical room, during surgical deflation of the
lung, or during resection, when the surgeon will
often apply gentle retraction on the wire. Shallow-
ness of insertion is the most common cause of hook
wire dislodgement.

Jeon et al. showed that in stage I NSCLC pa-
tients with chronic obstructive pulmonary disease
(COPD), VATS lobectomy was associated with a
lower incidence of pulmonary complications vs.
lobectomy by thoracotomy. In a total of 283 pa-
tients, 160 underwent VATS lobectomy and 123
underwent thoracotomy/lobectomy. Patients fol-
lowing VATS had shorter operation time (165 vs
201 min;p<0.01), shorter length of stay (6.0 vs 9.0
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days;p=0.04) and less pulmonary complications (1.1
vs 12.1%; p<0.01) [22].

Mun et al. performed VATS segmentectomy
in frail, older NSCLC cases, with poor pulmonary
function and with severe comorbidities [23].

Perhaps the technique of single-incision VATS
can create less postoperative chest pain [24,25].

Bendixen et al. [25] in a randomised controlled
trial investigated the postoperative pain and qual-
ity of life in early stage lung cancer after lobectomy
via four-port VATS or anterolateral thoracotomy.
The authors compared 102 patients in the VATS
group and 99 in the thoracotomy group. In stage
I, NSCLC patients, VATS was associated with less
postoperative pain during the first 24 hrs (VATS
38%, 95% CI 0.28-0.48 vs thoracotomy 63%, 95% CI
0.52-0.72,p=0.0012) and during 52 weeks of follow-
up (p<0.0001). A better quality of life was found for
the VATS for the first postoperative year (p=0.014)
[25].

Al-Ameri M et al. compared VATS lobectomy to
open thoracotomy lobectomy in early stage NSCLC
patients. The authors evaluated long-term overall
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