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Background: Effective traction and dissection of the esophagus are key steps during thoracoscopic
esophagectomy. In traditional methods, a separate trocar for the traction instruments or thoracic punctures
are adopted to externally retract the esophageal loop. However, both methods bring about chest wall damage
that is associated with increased morbidity and mortality. The magnetic anchoring and traction system can
not only achieve exposure and pulling multi-directional flexible but also reduce the number of transthoracic
ports and trocars used, and then avoid the chopstick effect in surgery. We aimed to verify the feasibility and
safety of a self-designed magnetic anchoring and traction system in assisted thoracoscopic esophagectomy.
Methods: Ten healthy pigs were used as the experimental objects. A magnetic anchoring and traction
system composed of an external unit and internal unit was designed, then the requirements and stress
characteristics of esophageal pulling and exposure during thoracoscopic esophagectomy were analyzed. The
internal unit was introduced through the 5th intercostal space port and was secured to the right wall of the
esophagus, the external unit was placed on the surface of the chest wall to allow pairing with the internal
unit. The external unit was moved on the chest wall to help exposing operative field.

Results: Ten pigs underwent a 3-port thoracoscopic esophagectomy using a magnetic anchoring and
traction technique, and all operations were successful. The system provided adequate traction force to pull
the esophagus. The external unit could move freely outside the chest wall, enabling suitable positioning of
the esophagus for dissection.

Conclusions: The novel magnetic anchoring and traction system in thoracoscopic esophagectomy is safe

and feasible, and has the potential for clinical application.
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Introduction

Thoracoscopic esophagectomy has resulted in
improvements in recovery time, postoperative pain, and
cosmesis. However, the prevailing available technology still
requires the placement of multiple ports through the chest
wall. Each of these transthoracic punctures is associated
with risks of morbidity and mortality (1), prompting
surgeons to develop less invasive techniques to reduce the
number of transthoracic ports and trocars used.

Minimally invasive esophagectomy (MIE) is now
widely accepted as the procedure of choice for early-stage
esophageal cancer. Recently, single-port thoracoscopic
esophagectomy has been reported (2). However, minimizing
the invasiveness of this surgery has its own challenges. The
insertion of multiple instruments through a single incision
can lead to instrument “collision” as they all compete in the
same trajectory toward the area or organ of interest. These
technical challenges hinder single-port minimally invasive
surgeries from entering mainstream surgical practice (3).

To facilitate thoracoscopic surgery, we intended to
develop and optimize a technique enabling the entry of
required instruments into the area under investigation
without them having to “take up” and compete for port
site space. Compared with traditional thoracoscopic
esophagectomy, it reduces damage to the chest wall,
avoids the chopstick effect, and provides multidirectional
pulling and exposure. To this end, the magnetic anchoring
and traction system (MATS), a system that consists of
2 magnetic elements (4) paired through the thoracic
wall, has shown promise. This technique is called the
magnetic anchoring and traction technique (MATT)
that uses magnetic materials to generate force through
indirect contact to achieve traction and suspension of the
external unit to the internal unit. We aimed to design and
evaluate the usefulness of a novel MATS for the traction
and dissection of the esophagus during thoracoscopic
esophagectomy.

We present the following article in accordance with the
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-5359).

Methods

Ten pigs, including 6 female and 4 male pigs (weight: 23.1—
30 kg, age: 2-3 months), were housed in separate cages,
fed a standard diet, and allowed free movement during
the experimental period. All pigs were purchased from the
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Laboratory Animal Research Center of the Xi’an Jiaotong
University. Experiments were performed under a project
license (No. XJTULAC2019-1270) granted by ethics
board of Xi’an Jiaotong University, in compliance with the
standard ethical guidelines under the control of the ethics
board mentioned above. A protocol was prepared before the
study without registration.

In this study, the MATS consisted of an external unit (an
external handheld magnet) and an internal unit [a stainless
steel cylinder (SSC) connected to a tissue gripper]. The
external magnet is cylindrical, composed of neodymium-
iron-boron (NdFeB, N45), and covered with a nickel alloy.
The outer diameter and height of the external magnet are
50 and 75 mm, respectively. This magnet is wrapped in a
handheld device made of acrylonitrile butadiene styrene
plastic (Figure 14). The outer diameter and height of the
internal SSC are 11 and 10 mm, respectively (Figure 1B).
The length and jaw width of the tissue gripper are 26 and
8 mm, respectively (Figure 1C). The weight of the internal
unit is 11.7 g (tissue gripper 4.2 g and SSC 7.5 g). The
gripper applier (Hangzhou Kangji Medical Instrument Co.,
Ltd., Hangzhou, Zhejiang, China) (Figure 1D) is used to
put the internal unit into the body. The magnetic field of
the external magnet is 3,500 GS. The attraction between
the external magnet and the internal SSC at zero distance is
35 N, decreasing exponentially with distance (Figure 2).

To determine the range of chest wall thickness and the
force required to pull the thoracic part of the esophagus,
we measured the chest wall thickness at the 6" intercostal
space (ICS), the inferior angle of the scapular line, and the
posterior axillary and anterior axillary lines in 10 pigs (Figure 3).
Then, the middle part of the thoracic esophagus was
mobilized and encircled with the esophagus string loop.
The traction force required to gently pull the esophagus
to the maximum extent was detected with a tension meter.
We defined the “maximum extent” as the state in which the
esophagus is completely pulled and there is outer membrane
tear or bleeding.

The animals were administered general anesthesia
using an intramuscular injection of 0.08 mL/kg of Luminal
(phenobarbital sodium), intubated, and placed in the left
lateral decubitus position. A 1-cm incision was made for the
endoscope in the 7 ICS at the midaxillary line. Two additional
1-cm incisions were made as the main working ports in the 3™
and 5™ ICS at the anterior axillary line (Figure 4).

We used a monopolar electrocautery hook to dissect the
mediastinal pleura and soft tissue from the esophagus at
the level of the 7" thoracic vertebrae. The internal unit was
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Figure 1 Magnetic anchoring and traction system. (A) External
handheld magnet. (B) Internal stainless steel cylinder. (C)
Tissue gripper. (D) Gripper applier (Hangzhou Kangji Medical
Instrument Co., Ltd.).
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Figure 2 Magnetic attraction force curve. The magnetic attraction

force decreases exponentially with the increase in distance.

introduced through the 5" ICS port. The tissue gripper was
secured to the right wall of the esophagus using a gripper
applier. The external magnet was placed on the surface of
the chest wall to allow pairing with the internal SSC. The
MATS exerted a traction force on the esophagus, which
could then be drawn to the specific position required for
dissection. The external magnet, which was able to move
freely on the chest wall, helped obtain an optimal operative
field (Figure 5). The MATS enabled easy dissection of the
esophagus. After the process was completed, the internal
SSC was uncoupled from the external magnet, the tissue
gripper was released from the esophagus, and the internal
unit was removed through the 5" ICS port. All incisions
were closed. All the animals were euthanized by the
administration of a lethal dose (1-2 mmol/kg) of potassium

chloride.
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Statistical analysis

Quantitative variables, such as weight, Chest wall thickness
(CWT), and attraction forces, each data were measured
3 times and were summarized as means and standard
deviations. All statistical analyses were performed with IBM
SPSS Statistics version 23.0 software (IBM Corp., Armonk,
NY, USA).

Results

The chest wall thicknesses of the 10 animals and the force
needed for esophageal traction are reported in Table 1.

All operations were uneventful and were performed
using a minimally invasive route (3 ports). The mean
operation time was 30 min and the mean intraoperative
blood loss was 10 mL. The force of attraction between
the external magnet and the internal SSC was adequate to
ensure sufficient traction of the esophagus to expose the
operative field (Figure 5B). The traditional grasper used for
esophageal traction was not needed, and only 2 instruments
were required to dissect the esophagus through the working
ports. Meanwhile, the number of transthoracic punctures
and the number of trocars required were reduced.

Discussion

When using traditional methods in thoracoscopic-assisted
esophagectomy, the thoracoscopic tissue grasper is inserted
through the port on the chest wall to draw the esophagus
and align it on a suitable anatomical plane. In our study, a
MAT'S was used instead of a thoracoscopic tissue grasper
for esophageal traction. The internal unit was inserted into
the chest cavity through a thoracic port and then controlled
by pairing it with an externally held magnet. The thoracic
port was kept open for the insertion of other working
instruments after the insertion of the internal unit.

The use of the MATS can allow positioning of the
esophagus that does not require the insertion of a separate
transthoracic trocar. This technology has been used in
various surgical fields. In a prospective, multicenter clinical
trial, Rivas er al. evaluated a MATS during a reduced-
port laparoscopic cholecystectomy. The exposure of
the surgical site was rated as “excellent” by 90% of the
surgeons, and 10% rated it as “sufficient” (5). Padilla
et al. argued that the MATS can provide excellent
triangulation and improve ergonomics, and that a magnet-
assisted single trocar appendectomy procedure can be
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Figure 3 Measurement of the chest wall thickness and the pulling force required for esophageal traction. (A) Use of a 10-mL syringe

to determine the chest wall thickness. (B) Measurement of the syringe tip length. (C) Measurement of the pulling force for traction and

dissection of the esophagus.
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Figure 4 Surgical incisions. (A) A 1-cm incision for the endoscope
in the 7th intercostal space (ICS) at the midaxillary line. (B,C) A

1-cm incision in the 3rd and 5th ICS at the anterior axillary line.

performed without the aid of a surgical assistant (6). The
MATS was also shown to be safe and effective in Nissen
fundoplication, gastrojejunostomy, splenectomy, ovarian
tumor/cyst resection, retroperitoneal lymphangioma
resection, nephrectomy, prostatectomy, adrenalectomy,
total abdominal colectomy, and pulmonary wedge resection
(7-9). Moreover, it was shown to overcome the collisions
among working instruments, build operative triangulation,
and reduce transabdominal ports in laparoscopic
surgery (10). However, there is a lack of reports on

thoracoscopic esophagectomy with respect to the application
of the MAT'T.

© Annals of Translational Medicine. All rights reserved.

We performed this experiment on pigs to test the
feasibility and effectiveness of a novel MATS in MIE. We
used the system in a 3-port thoracoscopic esophagectomy.
The attraction of the external magnet to the internal SSC
was sufficient for exposure of an adequate surgical field.
The external magnet was able to easily control the internal
unit’s movement. The tension needed for esophageal
dissection was provided by the internal tissue gripper that
was guided by the movement of the external magnet. There
was sufficient surgical vision for the operation. The number
of instruments used in esophageal traction, the number of
transthoracic punctures, and the trocars required were also
reduced.

In this experiment, we measured the pulling force
required for the traction of the esophagus in 10 pigs.
Our results showed that it took only 0.2 N to move the
esophagus gently, 0.4-2.0 N to dissect the esophagus,
and 2.2 N or more to pull the esophagus to the maximum
extent. The mean thickness of the chest wall at the inferior
angle of the scapular line for the 10 pigs was 2.5 cm, which
was the thickest among the 3 lines (Zable I). The attraction
force between the external magnet and internal SSC was
3.02 N at 4 cm (Figure 2). Excluding 0.12 and 0.24 N
required to resist the gravity of the internal units, these
forces fully met the pulling force requirement (0.3-2.2 N)
for dissecting the esophagus.

Our study has several limitations. First, the sample size
was not sufficient to generalize our results. Second, the
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Figure 5 An optimal operative field was obtained by moving the external magnet. (A) The external magnet paired with the internal stainless

steel cylinder to obtain an optimal operative field. (B) Retraction of the esophagus by using the magnetic anchoring and traction system. (C)

Use of electrocautery to dissect the esophagus.

Table 1 Results of chest wall thicknesses and force needed for esophageal traction

| Weight (k CWT fom) FPEG (N FTDE (N FMTE (N
Sample Sex eight (kg) D @ @ G (N) (N) (N)
Pig 1 Female 22.0 1.9 1.5 1.4 0.18 0.41-1.78 1.97
Pig 2 Male 24.4 2.2 2.0 1.8 0.18 0.35-2.11 2.36
Pig 3 Female 26.5 2.3 1.9 1.8 0.19 0.37-1.97 217
Pig 4 Female 27.3 2.9 21 1.9 0.21 0.42-2.05 2.25
Pig 5 Male 30.0 25 2.0 1.9 0.23 0.55-2.12 2.33
Pig 6 Male 25.2 2.4 2.0 1.7 0.20 0.52-1.91 2.14
Pig 7 Female 27.3 2.6 2.0 1.8 0.22 0.42-2.03 2.27
Pig 8 Female 28.1 2.7 2.1 1.8 0.20 0.53-2.27 2.39
Pig 9 Female 26.9 3.1 1.9 1.8 0.19 0.51-2.05 2.35
Pig 10 Male 33.7 2.6 2.4 2.2 0.17 0.44-2.29 2.43
Mean + SD 27.1+£3.0 2.5+0.33 2.0+0.21 1.8+0.19 0.20+0.02 0.45+0.07-2.06+0.15 2.27+0.13

M + SD: mean standard deviation; CWT, chest wall thickness: (D at the inferior angle of scapular line, ) at the posterior axillary line, 3 at
the anterior axillary line; FPEG, force for pulling esophagus gently; FTDE, force for traction and dissection of esophagus; FMTE, force for

maximal traction of esophagus.

shape of the thoracic cavity is irregular, and the magnetic
attraction force was insufficient or too powerful in some
positions, this will require further improvement of the
MATS. Third, some surgical instruments will be affected
by magnetic force. Therefore, non-magnetic instruments
need to be developed for the widespread application of this
technique in clinical practice. In the future, we have even
more bold ideas, combine with artificial intelligence to
develop intelligent magnetic anchoring traction equipment,
for example, eye tracking system which automatically

© Annals of Translational Medicine. All rights reserved.

adjusts the endoscope and the magnetic force between the
internal and external units to avoid tissue torn or bleeding.

In conclusion, our study using the MATS demonstrates
a novel technique of esophageal traction that reduces the
need for extra transthoracic ports. The force required for
esophageal traction in this study was not weaker than that
required for traction by the instruments used in current
methods. Thus, it further verifies the feasibility of the
MAT'S for thoracoscopic esophagectomy and its clinical
application potential in the future.
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