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ABSTRACT

INTRODUCTION Hook-wire (HW) localization is the most frequently employed approach for preoperative
localization of pulmonary ground-glass nodules (GGNs); however, the relative outcomes of conventional
and soft HW localization of GGNs remain poorly understood.

AIM  This study sought to compare the safety and efficacy of preoperative computed tomography—guided
conventional and soft HW localization of pulmonary GGNs.

MATERIALS AND METHODS Between January 2023 and June 2024, consecutive patients with pulmonary
GGNs underwent conventional or soft HW localization prior to video-assisted thoracoscopic surgery.
Safety and clinical efficacy of these 2 localization strategies were compared.

RESULTS In total, 88 patients underwent conventional HW localization of 95 GGNs, and 82 patients
underwent soft HW localization of 88 GGNs. Technical success rates for the conventional and soft HW
groups were 96.8% and 100%, respectively (P = 0.25), and the duration of localization was similar in both
groups (mean [SD], 10.1 [4.5] vs 10 [5.9] min; P = 0.97). Complications were significantly more com-
mon in the conventional HW group than in the soft HW group (48.9% vs 32.9%, respectively; P = 0.04).
Visual analog scale scores in the conventional HW group were significantly higher than those observed
in the soft HW group (mean [SD], 4.6 [0.6] vs 3.4 [0.6]; P = 0.001). The rates of technical success for
limited resection procedures were similar in both groups (96.8% vs 100% in the conventional and soft
HW groups, respectively; P >0.99).

concLusions  Conventional and soft HW strategies can both effectively facilitate preoperative pulmonary

GGN localization, but the soft HW approach has a more favorable safety profile.

INTRODUCTION Lung cancer remains the leading
global driver of cancer-associated death."? Ade-
nocarcinomas comprise approximately 40% of all
lung cancers, and early-stage adenocarcinomas
generally present as ground-glass nodules (GGNs)
on computed tomography (CT) scans.* The advent
of CT-based lung cancer screening programs has
contributed to rising rates of GGN detection.’
Lung adenocarcinomas are primarily classi-
fied into invasive adenocarcinomas (IAs), mini-
-invasive adenocarcinomas (MIAs), and adeno-
carcinomas in situ (AISs), with IA cases compris-
ing roughly 52% of all GGNs.%¢ Limited wedge
or segmental resection performed through

a video-assisted thoracoscopic surgery (VATS)
approach can provide curative outcomes for MIA
and AIS patients, with a 5-year survival rate of
100%." Individuals with IA need to undergo lo-
bectomy; however, limited VATS resection is gen-
erally performed first in such patients as a diag-
nostic procedure.?1

Unlike solid pulmonary nodules, GGNs can-
not be palpated during VATS.'® Preoperative CT-
-guided localization strategies have thus been em-
ployed to overcome this issue. Hook-wire (HW)
localization materials are among the most wide-
ly used in this context, as they can be readily in-
serted into the lung parenchyma.'" A conventional
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HW is rigid; however, its use is associated with
patient discomfort and high complication rates
reaching 56%.'? Thus, soft HWs have been recent-
ly developed as an alternative to conventional
HW materials.'® While there have been some re-

ports describing the soft HW-based localization
of pulmonary nodules,'3-'¢ studies focused spe-
cifically on GGNs are still lacking.

AIM  We sought to compare the safety and effi-
cacy of preoperative CT-guided conventional and
soft HW localization of pulmonary GGNs.

MATERIALS AND METHODS Study design Be-
tween January 2023 and June 2024, consecu-
tive patients with pulmonary GGNs scheduled
for VATS resection underwent CT-guided con-
ventional or soft HW localization. The study in-
clusion criteria comprised 1) presence of pulmo-
nary GGNs, 2) maximum long-axis GGN diam-
eter lower than or equal to 30 mm, and 3) age
of 18 to 80 years. Patients were excluded if they
1) exhibited GGNs that were adjacent to vascu-
lar structures or the hilum, 2) exhibited GGNs be-
low 6 mm in size, or 3) had any surgical contrain-
dications. Indications for the surgical resection
procedures for these patients included 1) recent
increases in nodule size, 2) recent emergence or
enlargement of solid nodule content, and 3) nod-
ule solid content greater than or equal to 6 mm.

Computed tomography—guided localization CT-
-guided procedures were performed under local
anesthesia. Patients were positioned according
to the location of the target GGNs and the asso-
ciated rib and vascular structures. Needle path-
way selection was based on patient positioning,

FIGURE 1  Periprocedural imaging of a patient
undergoing computed tomography—guided conventional
hook-wire (HW) localization; A — a ground-glass nodule
(GGN) located at the right lower lobe (arrow);

B — placement of the conventional HW near the GGN
(arrow); € — conventional HW visualization during video-
-assisted thoracoscopic surgery

and the pathway with the shortest distance be-
tween the skin and the target GGN was chosen.

In the patients undergoing conventional HW
localization, a 20-gauge, 10-cm guiding needle
(SOMATEX Medical Technologies, Berlin, Germa-
ny) was used for the procedure. The guiding nee-
dle was inserted into the lung parenchyma as per
the selected needle pathway, and the positioning
of the needle tip was confirmed via repeated CT
scanning. When the needle tip was successfully
located within 10 mm of the target GGN, the con-
ventional HW was released (FIGURE 1).

In the patients undergoing soft HW localiza-
tion, a 20-gauge, 10-cm guiding needle (Sens-
cure, Ningbo, China) was used for the procedure.
The needle puncture was performed in a manner
identical to that adopted in the conventional HW
group. During placement of the soft HW, its an-
chor was inserted proximal to the GGN. Subse-
quently, the needle was withdrawn in such a way
that a tri-colored suture connected with the an-
chor remained in the needle track and the dis-
tal end of the suture extended beyond the pleu-
ra (FIGURE 2).

In the patients with multiple GGNs, a single-
-stage procedure was used for localization of all
target nodules. CT scanning was used to assess
the patients for potential complications after
localization.

Video-assisted thoracoscopic surgery resec-
tion Limited VATS resection was performed
within 3 hours of localization. All patients were
placed in the lateral decubitus position, and a 3-
to 5-mm incision was made through the 4th or
5th intercostal space along the anterior axil-
lary line. The localization marker was initially
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visualized to confirm GGN localization, allow-
ing surgeons to establish the position of the nod-
ules based on a combination of GGN depth as-
sessment on CT imaging and HW tip palpation.
Wedge or segmental resection with a cutting
suture device was then performed according to
GGN depth. Segmental resection was chosen if
the margin from the GGN edge exceeded 2 cm;
otherwise, wedge resection was performed.
After resection, GGNs were subjected to rapid
pathological examination. When the results indi-
cated a diagnosis of IA, additional lobectomy and
lymphadenectomy were performed. If MIA was di-
agnosed, lymph node sampling was conducted. No
additional procedures were performed for GGNs
classified as AIS or benign / precancerous lesions.

Definitions Localization was considered success-
ful if 1) the HW was visible during the VATS pro-
cedure, 2) no HW dislodgement occurred, and
3) the target GGN was present within the resect-
ed wedge / segment of the lung parenchyma. Du-
ration of localization was defined as the inter-
val between the first and the last CT scan. A vi-
sual analog scale (VAS; 0-10 points) was used to
assess the severity of localization-related pain.

Technical success of localization was the prima-
ry study end point. Secondary end points includ-
ed VAS scores, localization duration, localization-
-associated complications, surgery type, and final
patient diagnosis.

Statistical analysis The normally distributed nu-
merical variables were presented as mean (SD),
and the non-normally distributed variables were

FIGURE 2  Periprocedural imaging of a patient
undergoing computed tomography—guided soft hook-wire
(HW) localization; A — a ground-glass nodule (GGN)
located at the left upper lobe (arrow); B — placement of
the soft HW near the GGN (arrow); C — soft HW
visualization during video-assisted thoracoscopic surgery

presented as median (interquartile range). Cat-
egorical data were presented as numbers and
percentages. The independent-sample t test or
Mann-Whitney test was used to compare the nu-
merical variables between the conventional and
soft HW groups, while categorical data were
compared with the ¥? test or Fisher exact test.
A P value below 0.05 was considered significant.
The SPSS 16.0 software (SPSS, Inc., Chicago, II-
linois, United States) was used for all analyses.

Ethics This retrospective study received approval
from the Ethics Committee of Xinyi People’s Hos-
pital (LL-LW2024019), which waived the need for
informed consent.

RESULTS Patients Between January and De-
cember 2023, a total of 88 patients underwent
conventional HW localization of 95 GGNs (81 sin-
gle GGN cases, 7 multiple GGN cases). Between
January and June 2024, a total of 82 patients
underwent soft HW localization of 88 GGNs (77
single GGN cases, 5 multiple GGN cases). Base-
line patient data are presented in TABLE 1.

Localization outcomes The outcomes of localiza-
tion procedures are presented in TABLE 2. The pa-
tients in the conventional and soft HW groups ex-
hibited respective technical success rates of 96.8%
and 100% (P = 0.25). Dislodgement was the cause
of technical failure in all 3 unsuccessful cases in
the conventional HW group. Duration of localiza-
tion was similar in both groups (mean [SD], 10.1
[4.5] min vs 10.0 [5.9] min; P = 0.97).
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TABLE 1

Baseline patient characteristics

Parameter Conventional hook-wire group  Soft hook-wire P value
(n = 88) group (n = 82)

Age, y, mean (SD) 57 (10.1) 54.5(12.8) 0.16

Sex Men 33(37.5) 21 (25.6) 0.1
Women 55 (62.5) 61 (74.4)

Number of nodules Single 81(92) 77 (93.9) 0.64
Multiple 7(8) 5(6.1)

Nodule diameter, mm, mean (SD) 10(3.2) 8.5(2.3) 0.001

Nodule-pleura distance, mm, median (IQR) 6.5 (2.7-14.5) 10 (3.3-19.5) 0.2

Nodule type Mixed GGN 74 (71.9) 72 (81.8) 0.51
Pure GGN 21 (22.1) 16 (18.2)

Nodule location Left lung 43 (45.3) 33(37.5) 0.29
Right lung 52 (54.7) 55 (62.5)

Lung lobe Upper 66 (69.5) 54 (61.4) 0.25
Nonupper 29 (30.5) 34 (38.6)

Data are presented as number (percentage) of patients unless

indicated otherwise.

Abbreviations: GGN, ground-glass nodule; IQR, interquartile range

TABLE 2 Localization-related data

Parameter

Conventional hook-wire group

Soft hook-wire group P value

Successful localization, n (%) 92 (96.8) 88 (100) 0.25
Duration of localization, min, mean (SD) 10.1 (4.5) 10(5.9) 0.97
VAS, points, mean (SD) 4.6 (0.6) 3.4 (0.6) 0.001
Complications, n (%) 43 (48.9) 27 (32.9) 0.04

Abbreviations: VAS, visual analog scale

Complication rates in the conventional HW
group were higher than in the soft HW group
(48.9% vs 32.9%, respectively; P = 0.04). Pneu-
mothorax rates were 22.7% and 13.4% in conven-
tional and soft HW groups, respectively (P = 0.12),
and lung hemorrhage rates were 29.5% and 20.7%
in conventional and soft HW groups, respective-
ly (P = 0.19). Higher VAS scores were noted in
the conventional HW group, as compared with
the soft HW group (mean [SD], 4.6 [0.6] vs 3.4
[0.6], respectively; P = 0.001).

Video-assisted thoracoscopic surgery outcomes
The outcomes of the VATS procedures, includ-
ing final diagnoses, are presented in TABLE 3. Lo-
calization procedures that were a technical suc-
cess were associated with successful limited
VATS resection in all cases. Additionally, in 2
of the 3 patients who experienced a technical
failure of localization, resection was successful
as bleeding from the needle puncture site was
still visible in the visceral pleura during VATS
resection. In the remaining patient lobecto-
my was performed. Consequently, the respec-
tive technical success rates for limited resec-
tion were 96.8% (94/95) and 100% (88/88) in
the conventional and soft HW groups (P >0.99).
In the conventional HW group, 63 and 31 pa-
tients underwent wedge and segmental resec-
tion, respectively. In the soft HW group, wedge
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and segmental resection was performed in 67
and 21 patients, respectively.

DISCUSSION CT-guided localization has emerged
as a routine approach to the preoperative man-
agement of patients undergoing VATS resection
of pulmonary GGNs."? Approximately 70% of pa-
tients with pure GGNs exhibit a pathological stage
below IA.® Accurate localization can help reduce
the resected range and maximally preserve pul-
monary function in these patients.

Several types of localization materials have
been developed to localize GGNs,'® the most com-
mon of which being HW, coil, and liquid materials.
Liquid-based materials are inexpensive, safe, and
easy to deploy; however, they are prone to diffu-
sion, which may lead to localization failure. Also,
they can only be used for localization on the pleu-
ral surface, and do not enable the assessment of
GGN depth. The process of coil localization is com-
plex owing to the coil shape and the requirement
that its distal end be deployed next to the GGN,
with its proximal end extending beyond the vis-
ceral pleura.’® The use of coils also entails a risk
of the material being fully inserted into the lung
parenchyma. In such cases, fluoroscopy-based
VATS procedures need to be performed, expos-
ing patients and surgeons to radiation.

Both conventional and soft HW localization are
simple procedures, as evidenced by the similarly
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TABLE 3 Characteristics and outcomes of video-assisted thoracoscopic surgery

Parameter

Conventional hook-wire  Soft hook-wire P value
group group

Technical success of limited resection 94 (98.9) 88 (100) >0.99
Additional lobectomy Yes 27 (28.7) 26 (29.5) 0.9
No 67 (71.3) 62 (70.5)
Final diagnosis Invasive adenocarcinoma 27 (28.4) 28 (31.8) 0.17
Mini-invasive adenocarcinoma 46 (48.4) 32 (36.4)
Adenocarcinoma in situ 7(7.4) 15(17)
Precancerous lesion 8(8.4) 4 (4.6)
Benign lesion 7(7.4) 9(10.2)

Data are presented as number (percentage) of patients.

high (>95%) technical success rates observed in
the study groups, which translates to a lack of any
clear differences in terms of their localization per-
formance. However, the patients who underwent
soft HW localization were exposed to lower levels
of pain, which makes this techinque a more com-
fortable alternative to the conventional HW ap-
proach for CT-guided GGN localization.

Complication rates in the soft HW group were
significantly lower than in the conventional HW
group, potentially owing to the rigid structure
of the conventional HW materials. Such rigidi-
ty may cause more substantial pain and increase
the risk of complications when the patients move
their bodies. We found no significant differences
in pneumothorax or lung hemorrhage rates be-
tween the study groups; however, this may be re-
lated to the limited sample sizes for analyses of
individual complications.

Both conventional and soft HW localization
exhibited relative high overall complication rates
(48.9% and 32.9%) in this study, and these rates
were higher than the overall complication rate
(24.8%) of coil localization reported in a previous
meta-analysis.!® During coil localization, the coil
tail remains on the surface of the pleura." In con-
trast, both conventional and soft HW should ide-
ally penetrate the thoracic wall, with the tail re-
maining outside the thoracic wall. This may be
the cause of the relative high complication rates
associated with these techniques.

Relative to liquid- or coil-based localization
strategies, HW localization offers some advan-
tages. Notably, the markers on the HW tail can
aid operators in the intraoperative assessment
of GGN depth, informing the selection of an ap-
propriate resection range. Comparable resec-
tion rates were observed in the conventional
and soft HW groups in this study, suggesting
that the type of HW material does not impact
the outcome of the VATS procedure.

Accurate preoperative CT-guided localization
of GGNs is important for preserving lung func-
tion in GGN patients undergoing VATS resec-
tion. As stated before, GGNs are not palpable.
What is more, most of them exhibit a pathologi-
cal stage below IA. In line with that, only 24.6%
of the GGNs in this study were confirmed to

be IAs, necessitating additional lobectomy. In
the remaining 75.4% of cases, only limited re-
section was required.

There are some limitations to this study.
Firstly, it was a retrospective analysis, and fur-
ther prospective validation of the findings is vi-
tal. Secondly, the GGN diameters were differ-
ent between the groups, potentially contrib-
uting to selection bias. Thirdly, the patients
in the conventional and soft HW groups were
treated during different periods; however, all
procedures were performed by the same sur-
geons, potentially reducing the associated bias.
Lastly, only univariable analysis was performed
in this study.

CONCLUSIONS In summary, both conventional
and soft HW preoperative localization strategies
can be successfully used to guide the VATS resec-
tion of pulmonary GGNs. However, soft HW lo-
calization exhibits a more favorable safety profile.
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