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Introduction

Developments in thoracic  surgery,  oncology and 
epidemiology have broadened the indications for lung 
nodules resection. Surgeons are required to obtain 
definitive tissue diagnosis or to treat oncological diseases. 
Video-assisted thoracic surgery (VATS) minimizes surgical 

trauma and morbidity and represents an optimal choice. 
Nevertheless, instrumental palpation of the parenchyma is 
often insufficient to localize target lesions (1).

A large number of localization techniques and devices 
have been recently developed to facilitate these procedures. 
In fact, pre-operative nodule marking allows precise 
localization and speeds-up surgical intervention while 
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inadequate localization during surgical procedures can lead to 
prolonged operative time, conversion to thoracotomy or even 
failure in resecting target nodules (1-4).

Definitively, the best method has to be precisely feasible, 
stable enough in the context of minimally invasive surgery, 
and effective in obtaining the desired surgical results. To 
date, no flawless technique has been identified and each 
existing device presents pros and cons. The most widely 
used is the CT-guided wire localization (5). It is considered 
both safe and effective, but its major limitation is the risk of 
dislodgement prior to or during the operative phase, with 
varying success rates reported (5).

The vast majority of studies on wire localization consider 
the use of hook-wires which are shaped with single or 
double thorn (1,2,6-20), with low anchorage capacity of 
the hook (21). In our institution, we currently use a spiral 
wire with three-helical shape, strong anchoring power and 
atraumatic tip (21). The stability during VATS procedures 
seems to be increased thanks to its shape; this decreases 
the rate of dislodgement, and contributes to more linear 
technical movements in the operating room.

We performed a retrospective analysis of our experience 
aiming to verify these hypotheses. We assessed the efficacy 
of wire localization throughout different aspects for a 
comprehensive evaluation of the technique. Particular 
attention has been paid to evaluating this method in the 
context of oncological resections.

Methods

This study was conducted in accordance with the amended 
Declaration of Helsinki. Ethics Committee of Canton 
Ticino approved the protocol (number of protocol 2018-
01217/CE3381), and written informed consent was 
obtained from all patients. 

Patients’ characteristics

Between October 2015 and July 2018, spiral wire 
localization was performed for 102 pulmonary nodules 
in 93 consecutive patients at San Giovanni Hospital, 
Bellinzona, Switzerland. Nine patients had multiple 
localizations, of which two were bilateral. Indication for 
pre-operative localization was assessed by a senior thoracic 
surgeon based on nodule characteristics (solid vs. ground-
glass) and dimensions, position within lung parenchyma and 
surgical resection intent (diagnostic with or without frozen 
section vs. curative). Overall, for ground-glass opacities, 
lesions smaller than 5 mm and nodules located >5 mm 
below the pleural surface, the indication for localization 
was absolute. Target nodules planned for curative resection 
were preferably localized compared to lesions suitable 
for intraoperative frozen section. Risks and benefits were 
explained in the outpatient clinic and written informed 
consent was obtained.

Marker placement and surgical procedure

Planning of marker vector and positioning were discussed 
amongst surgeons and interventional radiologists. The 
positioning of the spiral wire markers through the 
parenchyma was planned in such a way as to intraoperatively 
provide maximal ergonomic efficiency. Both the pathway 
and the tip depth were designed to help complete resection 
of nodules (i.e., the tip positioned deeper than the nodule to 
ensure inclusion in the planned suture line).

The procedures were performed the same day of 
the surgery in the Radiology Department, under CT-
fluoroscopy, using advanced reprocessing tools to assist the 
needle insertion. The marker system (Lung Marker System; 
Somatex Medical Technologies, Berlin, Germany) consisted 
of an 18-gauge introducer needle (length 15 cm) and a nitinol 
wire provided with a spiral-shaped memory (Figure 1). An 
angio-suite with Cone Beam CT (CBCT) tool (Allura XPer 
FD20 C, Philips, Koninklijke, The Netherlands) was used.

Anterior, lateral, or posterior access was chosen, 
depending on the nodule position, and was planned in 
consultation with the thoracic surgeon. A CBCT was 
acquired to identify the nodule. Using an advanced 
workstation (Interventional WorkStation/IWS, Philips, 
Koninklijke, The Netherlands), volume data were processed 
and the needle pathway was planned with dedicated 
software.

The introducer was inserted under fluoroscopic control 

Figure 1 Spiral wire localization procedure: the nitinol wire is 
introduced through an 18-gauge needle under CT-fluoroscopy.
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Figure 2 After the procedure, a CT scan is obtained to control correct positioning and check for complications. Right upper lobe nodule 
with elongated shape. Tip of the wire positioned at the deepest margin of the lesion. Red arrows represent the planned resection line.

Figure 3 Middle lobe nodule. Wedge resection planned having the horizontal fissure as cranial margin. The lower margin and the depth of 
the resection are driven by the marker. Red arrows represent the planned resection line.

with a 3D superimposed in an angio-suite until reaching the 
desired position. The wire was then deployed and a final CT 
scan was obtained to check for complications. The external 
part was loosely rolled and draped. Figures 2-4 show different 
examples of successful nodule targeting according to the 
vector planning of the stapler lines.

Surgery was performed under general anesthesia and one 
lung-ventilation. VATS technique consisted of two accesses 
for 7 mm trocars and one 11.5 mm access for staplers. 
Finger palpation of the lung was not possible through the 
incisions. The wire was identified and pulled gently to 

stretch the lung, and wedge resections were performed 
with 45 mm staplers (Echelon FlexTM, Ethicon, Somerville, 
NJ, USA). Surgical specimens were extracted with endo-
bags. Patients received standard care including single chest 
drain connected with digital drain system, respiratory 
physiotherapy and pain management.

Surgical strategy by resections’ intent

For patients with history of malignancy and pulmonary 
nodules highly suspicious for metastasis, patients needing 
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definitive tissue diagnosis, and patients not suitable for any 
further lung resection, the surgical specimens were sent for 
final histopathological examination.

For patients with suspected primary lung cancer, eligible 
for further lung resection, nodules were sent for frozen 
section and, in cases of positive responses, the indicated 
anatomical lung resections were performed.

All indications were discussed during multidisciplinary 
tumor board meetings.

Evaluation of the outcome

Primary objective of the study was to evaluate the effectiveness 
of the spiral wire localization procedure. To compare 
the results of our analysis with the recent literature (5),  
we defined success rate for subgroups as follows:

(I) success rate (SR)-1: successful targeting rate during 
localization procedure, defined as the number of 
successful targeting procedures (wire inserted in 
the desired position)/number of all localization 
procedures (5). This rating method refers to 
feasibility.

(II) SR-2: successful localization rate in the operative 
field, defined as (the number of successful targeting 
procedures—the number of dislodgements or 
misses in the operative field)/the number of all 
localization procedures (5). It describes the stability 
of the localization during patients’ transport and 
manipulation of the lung.

(III) SR-3: successful VATS rate, defined as the number 
of successful VATS procedures/(the number 
of localization procedures—the number of 
thoracotomies not due to wire dislocation). This 
success rate allows the definition of the localization 
contribution during VATS procedures and, 
accordingly, the rate of conversion to open surgery 
due to localization failure.

(IV) SR-4: successful resection rate. This parameter 
defines the rate of successful resection performed 
with curative intent, defined as the number of 
neoplastic nodules resected with curative intent 
with free margins (R0) on definitive tissue 
diagnosis/number of neoplastic nodule resected 
with curative intent.

To investigate this aspect all pathological specimens 
were reviewed and microscopic (R1) or macroscopic (R2) 
involvement of the margins by the tumor were recorded as 
positive (R+).

As a secondary outcome, we evaluated the complication 
rate related to the localization.

Statistical analysis

Outcomes were tested for possible association with patients’ 
characteristics or technical aspects. The following factors 
were considered as independent variables: age, gender, 
cancer history, presence of emphysema, nodule size and 
aspect (solid vs. pure or prevalent ground-glass opacities), 

A B

Figure 4 Left upper lobe adenocarcinoma in patient with previous lung cancer and limited pulmonary function. The markers were placed 
in such a way to ensure free resection margins, post-procedural images were discussed with surgeon. Red arrows represent the planned 
resection line.
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location of the nodule (upper lobes + middle lobe vs. lower 
lobes), distance of the nodule from the nearest pleura, 
distance skin-wire tip, distance pleura-wire tip, distance 
skin-wire tip, multiple localization procedures, bilateral 
localizations. Continuous variables were analyzed using the 
Student t-test; categorical variables were tested by means of 
Fisher’s exact test (in case the number of observations was 
less than 10 in at least one cell) or Chi-squared test. For 
outcomes showing less than 10 failure events, simple logistic 

regression analysis was performed. For outcomes showing 
at least 10 failure events, variables that were statistically 
significant at univariable analysis were subsequently entered 
as independent variables in a stepwise logistic regression 
analysis with backward elimination with entry criterion set 
at P=0.1 and retention criterion P=0.1.

The level of significance was set at 0.05, all statistical 
analysis were performed using STATA software (StataCorp. 
2017. Stata Statistical Software: Release 15. College Station, 
TX, USA: StataCorp LLC) without correction for multiple 
testing.

Characteristics of patients, nodules, localization and 
surgical procedures are listed in Table 1.

Results

In all 102 cases, the localization was successful in the first 
attempt (SR-1: 100%). Partial dislocation of the spiral wire 
was observed in 3 cases during surgical procedure (SR-2: 
97.1%). The wire was never completely dislodged out of 
the lung parenchyma, but we observed partial retraction of 
the tip from the original position. Statistical analysis showed 
no factors associated to SR-2, except for age, being 65.6±8.5 
vs. 77.7±4.2 years in the “no dislocation” and “dislocation” 
groups, respectively [odds ratio (OR): 1.63; 95% confidence 
interval (CI), 1.05–2.52, P=0.03]. Conversion to open 
thoracotomy was not necessary for any of these patients, 
but VATS wedge resection was successfully performed 
(SR-3: 100%). Considering the partial dislocation of the 
wire, the surgeon extended the resection deeper into lung 
parenchyma, following the direction offered by the wire. 
To ensure complete resection of the target nodule in these 
cases, a frozen section was requested intraoperatively. Six 
thoracotomies were performed due to extensive adhesions, 
the impossibility of maintaining single lung ventilation, or 
proximity of the nodule to the pulmonary artery.

Fresh frozen section was performed in 17 cases 
and 15 anatomical lung resections (9 lobectomies and  
6 segmentectomies) were performed during the same 
operation, because of primary lung cancer diagnosis. 
Additional 15 anatomical lung resections (15 lobectomies) 
were performed later, according to the definitive tissue 
diagnosis. In these 15 cases, the frozen section was 
considered insufficient to differentiate primary lung cancer 
from metastasis of synchronous or metachronous diseases 
(i.e., previous HPV positive laryngeal cancer, impossibility 
to discriminate from synchronous contralateral lung cancer 
and oligometastatic disease). Some patients expressed the 

Table 1 Characteristics of patients, nodules, localization and 
surgical procedures

Variable n (%)

Patient characteristics, (n=93)

Age, years 65.9 (8.6)

Gender male 56 (60.2)

Cancer history 57 (61.3)

Emphysema 51 (54.8)

Nodule characteristics, (n=102)

Size, mm 11.4 (5.4)

Solid vs. GGO 80 (78.4)

Upper + middle vs. lower lobe 52 (51.0)

Distance to the pleura, mm 23.1 (5.4)

Localization procedures, (n=102)

Distance skin-wire tip, mm 79.3 (23.0)

Distance pleura-wire tip, mm 34.4 (14.5)

Distance skin-pleura, mm 44.8 (17.5)

Multiple 9 (8.8)

Bilateral 2 (2.0)

Complications 24 (23.5)

Pneumothorax 5 (4.9)

Hemorrhage 19 (18.6)

Surgical procedures

Dislocation 3 (2.9)

VATS 96 (94.1)

Conversion due to dislocation 0

Frozen section 17 (16.7)

Results are expressed as mean ± standard deviation, unless 
otherwise specified. GGO, ground-glass opacity; VATS, video-
assisted thoracoscopic surgery.
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wish to undergo only the diagnostic wedge resection and 
postpone the eventual anatomical lung resection. Two 
patients had a short time-frame for concomitant oncologic 
treatments (acute leukemia, pancreatic tumor). Moreover, 
in some cases, the pathologists were not comfortable in 
expressing a definitive tissue diagnosis on a frozen section.

Overall, wedge resection was performed with curative 
intent in 48 cases (47%). Thirty-three patients had 
metastasis from distant organs or recurrence of lung 
cancer, while in 15 patients with a diagnosis of primary 
lung cancer, there was no indication for completion lung 
resection due to limited pulmonary reserve and/or T1 
specific adenocarcinoma histologies [adenocarcinoma 
in situ, minimally invasive adenocarcinoma and lepidic 
predominant adenocarcinoma, defined according to the 
IASLC/ATS/ERS Classification (22)]. All the specimens 
were R0 at definitive tissue diagnosis (SR-4: 100%). All 
of them showed a resection margin >10 mm. Twenty-four 
nodules were benign (23.5%).

Details of final surgical results are listed in Table 2.
Complications after wire placement occurred after 

24 (23.5%) procedures. We observed 5 (4.9%) small 
asymptomatic pneumothoraces not requiring intervention 
and 19 (18.6%) mild pulmonary hemorrhages with no 
hemoptysis. No haemothorax or air embolism were 
observed. 

Univariate analysis revealed a positive association 
between pneumothorax and multiple localizations in 
the same lung (OR 8.2; 95% CI, 1.26–53.3, P=0.03). 
The univariate analysis showed a statistically significant 
association between hemorrhage and male gender 

(P=0.02), the diameter of the nodule (P=0.02), distance 
of the nodule from the nearest pleura (P=0.02), length 
of the intrapulmonary pathway of wires (P=0.004) and 
total distance skin-wire tip (P=0.01). Multivariate analysis 
confirmed only male gender (OR 4.07; 95% CI, 1.06–15.60, 
P=0.04) and length of intrapulmonary wire pathway 
(OR 1.05; 95% CI, 1.01–1.08, P=0.01) to be statistically 
significant independent predictors of hemorrhage.

Discussion

Our study on CT-guided spiral wire localization of 
pulmonary nodules prior to wedge resection showed very 
good results in terms of feasibility, stability in operative 
field, and contribution to effective use of VATS during 
wedge resection performed for malignant nodules.

In the last decades, different concurrent factors have 
widened the indications for surgical resection of lung 
nodules. The widespread use of radiological imaging, as is 
happening with the implementation of lung cancer screening 
programs, has multiplied the findings of undetermined 
pulmonary nodules in asymptomatic patients (23).  
Developments in treatments for advanced lung cancer suggest 
the need for histological samples to guide the therapy (24).  
Ongoing evidence in early stage lung cancer favors lung-
spearing approaches (25) and pulmonary metastasis 
from distant organs may benefit from excision (26).  
Thus, thoracic surgery patients might present with poor 
general conditions, as occurs in metastatic cancers, or in 
patients in extremely good health as those referred during 
screening programs often are. These two extremes need 
careful preservation and require a minimally invasive 
surgical approach with very high diagnostic and therapeutic 
yield. VATS represents the best technique in this context, 
given its low morbidity rate (27). However, instrumental 
palpation may not be sufficient to identify small nodules or 
ground-glass opacities (1). Many tools have been developed 
to overcome this limitation: image-guided surgery, injection 
of liquid material, and placement of percutaneous wires (28). 
The use of wires, with its several variants, is the oldest and 
most common technique. Spiral wires have been previously 
described with promising results (29-31). Nevertheless, 
the English literature on this device is inconsistent with 
very few reports. In fact, the vast majority of the studies 
conducted on the wire localization report the use of hook 
wires with one or two thorns (1,2,6-20). A recent review on 
the different localization systems (5) analyzed 46 studies, 
among which 30 used percutaneous wire, 9 microcoils, 

Table 2 Final results of surgical procedures

Variable n (%)

Target nodule resected 102 (100.0)

Malignant histology 78 (76.5)

Wedge with curative intent 48 (61.5)

Resection margins R0 48 (100.0)

Metastasis 33 (68.8)

Primary lung cancer 15 (31.3)

Anatomical lung resection after wedge 30 (38.5)

Lobectomy 24 (80.0)

Segmentectomy 6 (20.0)

Benign histology 24 (23.5)
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and 7 lipiodol, concluding that wire localization yields 
the lowest success rate due to dislodgement, and has the 
highest rate of complications. Out of the 30 studies on wire 
localization, only two used spiral wires, thus, results may 
not be strictly reliable in terms of this specific technique. In 
fact, the rate of dislodgement has been reported to be up to 
47% (32).

Our experience suggests a high feasibility of the spiral 
wire technique with an SR-1 of 100% and high stability in 
the operative field with an SR-2 of 97.1%. These results are 
better than those reported in the literature on hook wires (5), 
suggesting their major limitations were overcome.

SR-3 describes the high efficacy of spiral wires during 
minimally invasive surgery. With this specific definition, we 
wanted to focus on the conversion rate due to dislodgement 
of the wire and consequently failure of the procedure. 
In fact, conversion from VATS to open thoracotomy is 
not always due to failure in localizing the target nodule 
during the exploration of the chest cavity. In our series, six 
thoracotomies were performed for issues not related to the 
localization of the nodules. We believe that focusing on the 
thoracotomies performed due to the localization failure, 
rather than on the conversion rate, is more informative of 
the device performance.

As reported by other authors (29-31), we used the 
portion of the wire located outside the thoracic wall to 
apply a gentle traction: this allowed the exact placement of 
the stapler with minimal loss of healthy lung parenchyma 
without compromising the oncological outcome. Moreover, 
the extreme elasticity of the nitinol gives to spiral wires the 
capacity to be deformed by the staplers without being cut. 
When the straight part of the wire is accidentally included 
inside the stapler, the lung is cut while the wire is deformed 
and re-straightened after opening the stapler. In clinical 
practice, the surgeon can clearly see the wire coming out of 
the stapled lung if the resection does not include completely 
the marker avoiding the need for fluoroscopy use during the 
surgery.

SR-4 acquires specific relevance when surgical resection 
is performed with curative intent. For metastasectomies, 
resection of pulmonary nodules in patients with profoundly 
limited pulmonary reserve (33) or resection of some 
T1 primary lung cancer (25), obtaining free margins is 
a mandatory part of the treatment. This aspect of the 
effectiveness of wire localization has not been extensively 
investigated. Even though frozen section has been used 
in many studies with the intent of directing further 
anatomic lung resection, very few looked specifically at 

resection margins (1,3,17). Moreover, frozen section is 
time-consuming and not always feasible (34) as it could be 
insufficient in discriminating primary lung cancers from 
metastatic nodules.

In our study, we reviewed all definitive pathological 
reports of surgical specimens for the evaluation of resection 
margins in case of malignancy. Looking at metastatic lesions 
resected, any of them was shown to be R+. In regards to 
primary lung cancers treated with wedge resection because 
of histology/stage or because of limited pulmonary reserve, 
none resulted as R+. Altogether, resections performed with 
curative intent had an SR-4 of 100%, indicating spiral 
wire localization as highly effective in these patients and 
suggesting that routine frozen section may not be needed. 
Moreover, all the nodules were resected with a distance 
from the margins of at least 10 mm.

A secondary outcome of this study was the incidence 
of localization-related complications. Overall, the 
complications rate was 23.2%, with 5 pneumothoraces and 
19 mild pulmonary hemorrhages. None of the patients 
needed chest tube insertions, nor did the hematoma 
impair the surgical procedure or cause hemoptysis. The 
rate of pneumothoraces was lower than that reported 
for hook wires, microcoils and lipiodol (5), while the 
rate of hemorrhages was higher than the other methods. 
As expected, the risk of hemorrhage increased with the 
length of the intrapulmonary wire pathway and, in our 
experience, we did not always follow the shortest route to 
localize target nodules. However, we believe that having 
the marker placed in a comfortable position for the 
surgeon may be important to achieving a good resection 
as shown by success rates 3 and 4. Moreover, placing the 
wire’s tip beyond the target nodule and including it in the 
wedge, supports complete resection with R0 margins. Pre-
procedure and post-procedure discussion amongst the 
specialists involved, helps plan the strategy in the operative 
field. In this sense, the shorter route may not necessarily 
be the best one. The choice of utilizing the angio-suite 
rather than the regular CT scan, was also made to improve 
and strengthen this collaboration. The prone position, the 
supine position and all the intermediate positions between 
these, were used to improve the chances to obtain a good 
marker release. Moreover, the use of the advanced tools 
available in a modern angio-suite allow more free pathways 
of needle insertion, which are restricted to vertical routes 
in CT scan localizations. The ability to follow cranio-
caudal pathways (and vice versa) and steep inclination of 
the needle insertion was crucial to avoid inconvenient or 
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dangerous paths. Typically, this feature was used to avoid 
fissures or vascular structures, or to reach a proper position 
of the marker when the shortest route was prevented by 
skeletal structures.

Some authors reported an improvement in the safety 
of the wire localization with the use of the hybrid theatre, 
which allows real-time marking placement and surgery to 
be performed in the same room. Chao and colleagues (35) 
mentioned a reduction of the patient time at risk (interval 
from completion of localization to skin incision). However, 
they reported a significant increase in general anesthesia 
time and in the operation theatre (OT) utilization time. 
Specifically, with the use of intraoperative localization, 
the latter increased by about 60 minutes on average. Even 
thought our study focused on the clinical aspects of spiral 
wire localization, and the safety of patients is primarily 
important, this OT utilization time is not sustainable. In 
our experience, a standard localization procedure takes 
about 15 minutes with a total angio-suite utilization time of  
30 minutes. On average, a wedge resection takes 30–45 minutes  
skin-to-skin with a total OT utilization time of about  
60–70 minutes. Considering that 1-hour OT utilization has 
an overall cost of 1,350 Euro, the intraoperative localization 
procedure would not be cost-effective.

Our study has some limitations. As single institution 
experience with one device, we could only compare 
our results with the published literature, as opposed to 
comparisons with on-field practice of other techniques. In 
addition, because our team is composed of very experienced 
interventional radiologists in thoracic and collaboration 
occurs with the surgical team on a daily basis, some of the 
study definitions are not standardized as the planning of the 
markers is designed on each patient according to a tailored 
approach. We found that a constructive discussion between 
the specialists involved produces the best results. This is 
also true for the interval between the localization and the 
operation: during this time, patients are sent to the pre-
anesthetic room and prepared for the surgery. In this way, 
the anesthetic team utilizes the “dead time” improving 
efficiency and monitoring the patients after the invasive 
procedure. Unfortunately, we have a lack of data regarding 
the localization-to-theatre interval, which could add more 
value to the utilization of resources.

Finally, because failure events were quite rare, the 
statistical analysis is limited. Multivariate analysis was 
performed only for the event “hemorrhage” and the ORs 
were quite low, even if significant. Broader experience with 
this device may provide more accurate results.

Conclusions

In conclusion, despite the limitations of the study, spiral 
wires appear to be very promising in the management 
of small pulmonary nodules and ground-glass opacities. 
Not only could they help the localization of lesions, but 
they could also support the use of VATS and facilitate 
oncological correct resections. In the era of widespread 
radiological investigations and evolutions in cancer 
treatments, this appears to be clinically relevant.
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