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The 4-hook anchor coaxial needle with scaled suture is superior
to the double spring coil for preoperative localization
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Background: Preoperative localization of small size pulmonary nodules is challenging, but it is necessary
for surgical resection of early lung cancer. As a new device for preoperative localization, the 4-hook-
anchor coaxial needle with scaled suture was tentatively applied in our department to improve the effect of
preoperative localization. However, double spring coil, as a proven positioning technology, used to be our
preferred method in the past. We did a retrospective single-centre research driven by the interest on which
one should be the first choice for preoperative localization among these two approaches.

Methods: We performed a retrospective analysis on 100 patients undergoing surgery with the new coaxial
needle from 2019 to 2020, and 98 patients undergoing double spring coil from 2017 to 2019. The duration
of localization, success rate, operation time, intraoperative bleeding, and positioning-related complications of
these two groups of patients were examined in this study.

Results: There were no significant differences between the two groups of patients in terms of the success
rate. However, the new coaxial needle seemed to be able to shorten the duration of preparative localization
and operation time by accelerating the efficiency of exploring small nodules intraoperatively, and also
decreased the risk of positioning-related pneumothorax and pulmonary hemorrhage. The logistic analysis
indicated that the puncture depth was an independent risk factor for overall complications. Meanwhile,
previous lung diseases and positioning time were independent risk factors for pneumothorax, besides
pneumorrhagia and depth of penetration as well.

Conclusions: The new coaxial needle can save time for both radiologists and thoracic surgeons, while
reducing the risk of positioning-related complications. We support its application clinically instead of the
double spring coil.

Keywords: Four-hook-anchor coaxial needle with scaled suture; double spring coil; preoperative localization;

small size pulmonary nodules

Submitted Apr 30, 2021. Accepted for publication Jul 19, 2021.
doi: 10.21037/jtd-21-984
View this article at: https://dx.doi.org/10.21037/jtd-21-984

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2021;13(7):4455-4463 | https://dx.doi.org/10.21037/jtd-21-984


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-21-984

4456

Introduction

With low dose computed tomography (CT) being widely
used in lung screening, an increasing number of small-sized
pulmonary nodules are being diagnosed (1). The majority of
isolated pulmonary nodules are malignant, and thus, accurate
technology is required for positioning and excision (2,3).
Diagnosis with percutaneous puncture biopsy is accurate in
most situations, but some tumor nodules are too small to
be extracted and pathologically examined from the wholly
removed pulmonary tissue. This may result in unintended
diagnoses, and pathological slice observation is still the
gold standard (4). On the other hand, the promotion of
video-assisted thoracic surgery (VATS) limits the use of the
intraoperative probe, and the location of small-sized nodules
is time-consuming for surgeons without preoperative
localization (5). Preoperative localization is crucial, and
radiologists have devoted themselves to developing
localization technologies, such as methylene blue staining,
hookwire positioning needle, double spring coil, etc. (6).
However, various problems have arisen in the application
of the above technologies (7). In this study, our team aimed
to preoperatively position small-sized nodules with a new
device, the 4-hook anchor coaxial needle with scaled suture,
and compared its effectiveness and complications with
the double spring coil. We present the following article in
accordance with the STROBE reporting checklist (available
at https://dx.doi.org/10.21037/jtd-21-984).

Methods
General data

We performed a retrospective analysis on patients
undergoing thoracic surgery and examined the duration
of localization, success rate, operation time, intraoperative
bleeding, and positioning-related complications. Ethical
approval for the study was granted by the Ethics Review
Committee of the First People’s Hospital of Yunnan
Province, and informed consent was obtained from the
patients before surgery. The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). All samples were collected from patients who
underwent thoracoscopic anatomical pneumonectomy
at the First People’s Hospital of Yunnan Province. We
communicate with patients in the consulting room and
interventional room and get their consent. Finally we
collected 100 cases of preoperative localization with the
new coaxial needle and 98 cases of preoperative localization
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with the double spring coil from 2017 to 2020. These
patients were divided into a Needle group and a Coil group
accordingly, and there were no statistical differences in age
(t=0.807, P=0.420) and sex (3°=0.485, P=0.486) between
the two groups. Because patients retained the right of
independent choice of the treatment plan, it was not able to
do a random experiment under the double-blind principle.
We did the certain localization method as the patients’
requirement. However, a random sampling was taken
among the patients with similar size of pulmonary nodules.

Inclusion criteria

(I) Patients with a family history of lung cancer or lived
in a high-risk area;

(I) Patients with a subjective desire for surgical treatment;

(II) The size of the nodule was <20 mmy;

(IV) The CT image indicated ground-glass nodule (GGN)
or part solid nodule (PSN);

(V) Patients with no surgical contraindications.

Exclusion criteria

(I) Patients with basic diseases that would increase the
risk of positioning procedures, such as a moderate
amount (or more) of pleural effusion, previous damage
to pulmonary tissue, severe emphysema, pulmonary
bullae, severe pulmonary fibrosis, and so on;

(I) Patients with recurrent chronic lung infections or
systemic sepsis;

(IIT) Patients with severe coagulation dysfunction;

(IV) Patients who failed to cooperate with the procedures;

(V) Patients who were assessed as not temporarily
indispensable for surgical treatments by thoracic
surgeons.

Instruments and materials

Siemens SOMATOM Perspective 128 spiral CT (Germany)
was used. The locating instrument in the Needle group
was the 4-hook anchor coaxial needle with scaled suture
(Ningbo Sheng Jie Kang Biological Technology Co., Ltd.,
Ningbo, China). This new device is composed of a 19-G
coaxial needle, tri-colored suture, 4-hook anchor, pusher,
release buckle, and protection tube. The coaxial needle
and protection tube are made of medical-grade stainless
steel. The tri-colored suture is essentially dyed non-
absorbable medical suture, and the different colors indicate
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different depths in the localization procedure. The 4-hook
anchor is made of nickel titanium memory alloy wire. The
particular “four-claw” shape facilitates reliable fixing on
lung tissue. In the Coil group, a 0.018-in micro spring
coil (specifications: 8 mm x 2 mm, 6 mm x 2 mm, 5 mm
x 2 mm; Cook Company, USA) and a percutaneous
transhepatic cholangiography (PTC) interventional
puncture needle 21 G x 200 mm; Hachiko Co., Tel Aviv,
Israel) were used.

Methods

Needle group

We placed patients in the appropriate postures to
achieve satisfactory scanning images. The localization
was performed in the operation room, and each patient
underwent at least four CT scans. The first scan was
performed to ensure the position, shape, size, and density
of the nodule, which was marked on the lung surface,
while determining its anatomically adjacent relationships.
Next, we designed a proper puncture path by calculating
the expected depth and angle of the needle. Following
the application of anesthesia by the anesthesiologists, the
needle was pushed to 5 mm around the lesion along the
predesigned path. In the third scan, we removed the card
clasp of the coaxial needle, which was in the expected
position, and pushed the pusher, thereby releasing the
4-hook anchor near the edge of the nodule. Later, we
removed the pusher and the protection tube, and measured
the distance from the tip of the coaxial needle to the visceral
pleura. The coaxial needle was pulled back to the pleural
cavity according to the measured distance, and the pusher
was inserted into the coaxial needle again to remove the
tri-colored suture. The final scan helped us to observe
whether the surgery was successful and whether there were
any complications. Subsequently, we withdrew the coaxial
needle and pusher, and then addressed any complications.
Pneumonectomy was performed within 2 days of
preoperative localization.

Coil group

The first two scans were similar to the Needle group. In the
third scan, the puncture needle was placed near the edge
of the nodule, and a suitable spring coil (5§ mm x 2 mm,
4 mm x 2 mm) was pushed into the same location. We
performed an extra CT scan to confirm that the first coil
was at the expected location, and measured the distance
from the tip of the puncture needle to the visceral pleura
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on the CT image. Next, we pushed the second spring
coil into the proper position, ensuring that the end of the
second coil was closely combined with the first one. After
fixing the needle core, the puncture was withdrawn from
the puncture needle. We performed the final CT scan to
observe whether the operation was successful and whether
there were any complications. Similar to the Needle
group, pneumonectomy was performed within 2 days of
preoperative localization.

Indicators

The duration of localization, success rate, operation
time, intraoperative bleeding, and positioning-related
complications of patients were collected. We recorded
the incidence of complications related to the success rate
of the procedure through the imaging findings of the last
CT and the intraoperative feedback from the surgeon, as
well as other relevant indicators related to the procedure
and clinical records. In order to control the influence of
systematic errors on the experimental results, 100 patients
were planned to be included in each group.

Statistical analysis

The data were recorded as (¥ + s) for normally-distributed
data. For data with non-normal distribution, the Mann-
Whitney rank sum test was employed with two independent
samples. The Chi-squared test was used to compare
counting data between the groups. Binary logistic
regression was used to analyze the overall complications
and related risk factors of each complication, and P<0.05
was considered statistically significant. There was no loss to
follow-up.

Results

About 300 patients have been recruited. After screening by
reference to inclusion and exclusion criteria, we collected
100 cases of Needle group and 98 cases of Coil group.
There were no statistical differences in age (t=0.807,
P=0.420) and sex (x’=0.485, P=0.486) between the two
groups. No missing data for each variable of interest.

There were no significant differences in the diameter of
the nodules (Z=-0.620, P=0.536), distance from the edge
of the nodules to the visceral pleura (Z=-0.649, P=0.517),
and depth of penetration (Z=-0.354, P=0.724) between
the Needle and Coil groups. Also, the resection ranges
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Figure 1 Located by the new coaxial needle, no complications. (A) The coaxial needle penetrated into chest; (B) completed preoperative

localization; (C) the coaxial needle seen during operation.

Table 1 Comparison of positioning effect and operation time between the Needle and Coil groups (x + s)

Positioning time (min) Operation time (min)

Group Success rate
Needle group (n=100) 99.00%
Coil group (n=98) 97.96%
*/Z 0.157

P value 1.000

15.27+4.60 52.52+36.22

18.54+3.71 58.06+37.44
-5.099 -2.984
0.001 0.003

Table 2 Results of the y’-test between the Needle and Coil groups for complications

Pneumorrhagia, n (%) Pleural reaction, n (%)

Group Pneumothorax, n (%)
Needle group (n=100) 20 (20.00)

Coil group (n=98) 32 (32.65)

' 4.092

P value 0.043

13 (13.00) 3 (3.00)
24 (24.49) 2 (2.04)
4.300 0.000
0.038 1.000

(including pulmonary wedge resection and pulmonary
lobectomy) of these two groups were similar (x’=0.163,
P=0.686).

In Needle group, the localization success rate is 99%, the
average localization operation time is 15.27+4.60 min (for
example, Figure 14,B,C). As for Coil group, the localization
success rate is 97.96%, the average localization operation
time is 18.54+3.71 min. It seemed that, a majority of cases
in both groups completed the positioning and operation.
However, the Needle group had a significant advantage in
terms of shortening the duration of both the positioning
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and the operation (7able I).

The incidence of pneumothorax and pneumorrhagia
in the Needle group were significantly lower than that in
the Colil group (Zable 2). As far as the further personalized
analysis of each case, it is worth noting that some cases
of pneumothorax were actually “pseudo-pneumothorax”
caused by the positioning line pushing against the lung
tissue (Figure 24). Similarly, some cases of pneumorrhagia
did not require additional treatment, as the second marked
spring coil would immediately block the puncture passage
(Figure 2B).
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Figure 3 Three anchor pins lodged on the surface of the lung. (A,B) Characteristics shown on CT pictures; (C) the coaxial needle seen

during operation. CT, computed tomography.

One case of failure occurred in the Needle group due to
an error of device separation, which resulted in three hooks
of the anchor lodged on the surface of the lung. However,
one hook of the anchor needle was still visible next to the
lesion during the operation, and the operation was performed
successfully with needle guidance (Figure 34,B,C).

As for the Coil group, one falling spring coil was close
to the interlobar fissure, and the puncture needle did not
completely enter the lung during the puncture, causing a
partial fall-off during the release step (Figure 44,B). Another
case of failure occurred during the release process of the
last coil, which shifted and fell off later during the patient’s
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breathing (Figure 4C,D).

Logistic analysis indicated that the puncture depth
was an independent risk factor for overall complications.
Meanwhile, previous lung diseases and positioning time
were independent risk factors for pneumothorax. As
for pneumorrhagia, previous lung diseases, positioning
time, and depth of penetration all increased the risk
independently (7able 3).

Discussion

In recent years, VATS, as a minimally invasive thoracic
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Figure 4 Unsuccessful preoperative localization. (A,B) The coaxial needle partly out of the lung; (C,D) the spring coil missing.

Table 3 Logistic analysis of factors linked with complications

Overall complications Pneumothorax Pneumorrhagia
Influence factors
OR P value OR P value OR P value

Gender 1.533 0.193 1.064 0.851 2.075 0.082
Age 0.979 0.170 0.988 0.447 0.975 0.195
Previous lung diseases 2.618 0.004 2.397 0.008 2.418 0.034
Diameter of nodules 1.052 0.346 0.949 0.347 1.011 0.873
Distance to visceral pleura 0.989 0.615 0.971 0.205 1.015 0.569
Positioning time 1.186 0.003 1.081 0.047 1.149 0.006
Depth of penetration 2.382 0.013 1.054 0.345 1.229 0.003

OR, odds ratio.
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surgery, has been increasingly used in the diagnosis
and treatment of small-sized pulmonary tumor nodules
(<2 cm) (8). Effective preoperative localization can help
thoracic surgeons and pathologists to quickly locate tumor
nodules intraoperatively (9). Current location technology is
varied, and includes liquid material positioning technology
(methylene blue, iodine oil, medical glue, barium sulfate,
radionuclide), solid material positioning technology, other
positioning technologies (ultrasonic orientation and near
infrared scan), and so on (10,11). Each technology shows
obvious advantages and disadvantages. Methylene blue
staining is visible, but is readily diffused or metabolized.
Patients who receive injections of either lipiodol or
radionuclides produces radioactive contamination. It
forces doctors to perform operations with protective gear.
Ultrasound localization and infrared imaging both require
the positioning of the radiologist on the operating table,
and it requires special equipment. In this study, both of the
two positioning methods can be completed 1-3 days before
surgery in the interventional surgery room, saving the time
of the surgeons and the radiologists, and making the plan
of operation time more flexible. Although both localization
methods required repeated CT radiation during a short
period of time, we performed with low-dose CT, and
patients did not require additional chest CT examination.
In this study, the double spring coil and new coaxial
needle technologies were applied to preoperatively locate
pulmonary nodules. The positioning success rate in the
Needle group was 99.0%, with only one case of failure
occurring due to device detachment. In the Coil group,
the positioning success rate was 98.0%, with two cases
of failure occurring due to dislocation of the spring coil.
Undoubtedly, these two approaches are both able to
complete most preoperative localization cases.
Complications presenting in the Needle group included
1 case of abscission (1.00%), 13 cases of pulmonary
hemorrhage (13.00%), 20 cases of pneumothorax (20.00%),
and 3 cases of pleural reaction (3.00%). Some cases of
pneumothorax were actually “pseudo-pneumothorax”
caused by the positioning line pushing against the lung
tissue. In the cases which were showed in Figure 3A,B,C,
the three angle of needle positioning anchored on the
surface of lung, leading to a failure of positioning. We found
that the anchor positioning needle was pushed along a
5 mm chute from the tip of needle. So, for the nodules that
are approximately 5 mm from the pleural cavity, we released
the anchor positioning needle near the chest wall, resulting
in an attachment on the surface of lung. We then pushed
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the needle to the location of 5 mm from the heart-side of
the nodule, and subsequently released the anchor pins.
Using this procedure, the anchor needle no longer attached
on the surface of the lung. Also, the soft positioning line did
not cause discomfort to patients, and reduced the risk of the
positioning needle shifting or falling off during breathing
and daily activity. The whole procedure underwent in
the sterile environment of the interventional room, and
remainder of the soft positioning line outsides was properly
covered with gauze. Aseptic handling and low risk of
infection allowed surgeons to perform surgery days later,
resulting in greater flexibility of the surgery schedule.

In the Coil group, 2 cases (2.04%) of spring coil
shedding, 32 cases (32.65%) of pneumothorax, 24 cases
(24.49%) of pulmonary hemorrhage, and 2 cases (2.04%) of
pleural reaction were observed. Also, there was one case of
a falling spring coil that was close to the interlobar fissure,
and the puncture needle did not completely enter the lung
during the puncture, causing a partial fall-off during the
release step. The other failure case occurred during the
release process of the last coil; the upper side of the coil
was stuck in the chest wall, and shifted and fell off later as
a result of the patient’s postoperative breathing movement.
In the operation, the piercing process of puncture needle
and the first spring coil were more likely to cause slight
pneumothorax and pneumorrhagia, as one of the reasons for
the higher complications after positioning. In cases where
mild pneumothorax and pneumorrhagia appeared along
the path of puncture needle, the second marked spring coil
would immediately block the puncture passage. Relevant
studies have shown that positioning-related complications
may be a consequence of unskilled operation, excessively
superficial lesions, exceedingly shallow depth of the spring
coil release, and nodules that are hidden in the interlobar
fissure (7,11). Experienced and proficient operators have a
better potential to complete the operation (9,12). In other
word, this procedures of localization requires a longer
learning cycle than that for positioning with the new coaxial
needle.

The new positioning needle technology exhibited
the characteristics of high safety, short operation time,
accurate positioning, high success rate of positioning, and
fewer complications. Compared with the double spring
coil approach, the new coaxial needle is simple to operate,
and requires less from the operator, and thus, it is easy to
popularize. However, the new locating needle also requires
some improvements; the length of the needle was 100 mm,
which is sometimes too short to penetrate the trick muscle
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tissue or the lung. We did not have access to longer
punctual needle, nor did we see much coverage of them.

Conclusions

Compared with the double spring coil approach, the new
coaxial needle provides high safety, short operation time,
accurate positioning, high success rate of positioning, and
fewer complications. It is also simple to operate and requires
less from the operator, and thus, it is easy to popularize.
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